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1.1 CHARACTERIZATION OF SIMULATED ACCIDENT AEROSOLS FOR CSE 

( A E C  A c t i v i t y  04 60 10 01 1) 

G .  W .  Parker  T .  H . Row 

The v a l i d i t y  o f  s imulated f i s s ion -p roduc t  ae roso l s  as compared with 

ae roso l s  from h igh ly  i r radiated U02 has been a quest ion of  much concern t o  

t h e  Nuclear S a f e t y  Research Program. 

a e r o s o l  i s  t h a t  provided f o r  t h e  Containment Systems Experiment a t  B a t t e l l e  

Northwest i n  which small high-temperature f-urnaces a r e  used t o  vaporize 

the  d e s i r e d  amourit o f  a f i s s ion -p roduc t  element i n  a s u i t a b l e  flowing gas 

s t ream. The vaporized material then  passes  through a very  hot  furnace 

conta in ing  melted U02 before  the mixed gases  a r e  conducted i n t o  t h e  con- 

tainment system. 

One method of s imula t ing  such an 

T'ne incen t ive  f o r  use o f  such s imulants  i s  t h a t  an imprac t i ca l ly  

l a r g e  r a d i o a c t i v e  source would be r equ i r ed  i f  a s u i t a b l e  amount o f  reac-  

t o r  f u e l  were t o  be heated t o  mel t ing .  For t h e  sake of  comparing behav- 

i o r  o f  bo th  t h e  s imulant  and h igh ly  i r r a d i a t e d  U02 i n  t he  same f a c i l i t y ,  

we have conducted a small program on s imulant  behavior  t h a t  inc ludes  a 

minia ture  ve r s ion  of  t he  BNWL method of  a e r o s o l  genera t ion .  Extremely 

s m a l l ,  dense ly  compacted p e l l e t s  conta in ing  s u i t a b l e  r a d i o a c t i v i t i e s  and 

t h e  r equ i r ed  amount o f  nonra.dioactive f i s s ion -p roduc t  elements are heated 

on s m a l l  r ibbons o r  f i l amen t s  by low-voltage r e s i s t a n c e .  The vapors are 

then  passed through a ho t  zone conta in ing  melted U02. 

We have completed two runs t h a t  s imulated f u e l  wi th  burnup l e v e l s  of 

1000 and 7000 iVtwd/T. Tliese are des igna ted  i n  Table 1.1 as CMF' runs  1007 

and 1008. Technical  d i f f i c u l t i e s  have l invited our  success  i n  genera t ing  

s u i t a b l e  f r a c t i o n s  of  e lements  o t h e r  than  iodine,  cesium, arid ruthenium; 

however, a f a i r  amount of  data has been accumulated w i t h  t hese  t h r e e  e l e -  

ments. We have compared the  r e s u l t s  of t he  two runs  i n  Fig.  1.1 and i n  

Table  1.1. The major d i f f e r e n c e s  i n  amount o f  a c t i v i t y  remaining a i r -  

borne a r e  a t t r i b u t e d  t o  the  e f fec t ;  of  having a de lay  i n  run 1008 that 

allowed most o f  t he  steam t o  condense before  t h e  a e r o s o l  w a s  genera ted .  

A secondary bonus from run 1007 was t h a t  two methods of  sampling were 

used i n  p a r a l l e l .  It w a s  i n t e r e s t i n g  t o  observe t h e  complete absence of 

the s h o r t  h a l f - l i v e d  component i n  t h e  depos i t i on  o f  rad io iodine ,  as seen 
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Fig. 1.1. Airborne A c t i v i t y  in Coniainment Tank as l n d i c a t e d  by Gas 
Samples. 
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Table 1.1. Compa,rison o f  A c t i v i t y  Half-Times Obtained i n  
Two Sirnulant Runs 

T1/2 ,  Half-Time (min) 

CMF Run 1007 CMF Run 1008 

For steam condensation" 

From I2 a c t i v i t y  i n  condensates 121  174 
From pressure- temperature  readings  126 64.2 
From condensate volumes 118 1 8 ' 7  

For cesium a c t i v i t y  i n  gas  samples 59 

For ruthenium a c t i v i t y  i n  gas  samples 92 152 

For iod ine  a c t i v i t y  i n  gas  samples 18 and 128 28 and 264 

For g ross  a c t i v i t y  from ion  chambers 

On top  of  CMF 20.6 and 61'3 67.2 
On s i d e  of CMF 22.5 and 730 55 

a 
T o t a l  volume of  condensate was 216 mL i n  CMF 1007 and 115 ml. 

i n  CMF 1008. 

i n  Fig.  1.1, CMF rilll 1007, i n  data obta ined  by use of a sampler t h a t  was 

connected wi th  only  a s h o r t  (18 - in . )  l eng th  o f  p ip ing  t o  the  containment 

vessel. The o t h e r  sampler from which the da ta  i n  F ig .  1.1 were taken w a s  

a c t u a l l y  i n s i d e  t h e  ves se l ;  t hus  entra.nce e f f e c t s  were minimized. 

'I'he planned program f o r  v a l i d a t i o n  o f  the  CSE simu,lant includes r e -  

1ocati .on o f  t h e  equipment and melt ing h igh ly  irradia-Led UO2 i n  t he  C R I  

f a c i l i t y .  Cornparative sampling w i l l  a l s o  be conducted i n  this  case .  

Three Zi rca loy-c lad  U02 capsules  have been i n s e r t e d  i n t o  t h e  O R 3  

r e a c t o r  f o r  long-term i r r a d i a t i o n s .  The capsules  a r e  schedu-led f o r  a 

burnup of  g r e a t e r  than  10,000 Mwd/T f o r  use i n  subsequent CSE v e r i f i c a -  

t i o n  t e s t s .  Work i s  p rogres s ing  on t h e  design of  an i n - p i l e  CSE simu- 

].ant gene r a t o r .  

A p o r t a b l e  sampling device was designed t o  be used i n  experiments 

conducted a t  CSE and CW t o  a i d  i n  comparing the  da t e  from ench fac i l i ty - .  

'The p o r t a b l e  sampling device w a s  used t o  sample ADF run S-85 ai; BFdL 

Containnient Systems Experiment f a c i l i t y .  The  run was isoti iermal a t  80°C 

and 1 atm abs.  The a-tmosphere was about a 50$ s-Leas-50$ a i r  mixture by 



1.0 

volume. 

137Cs t r a c e r ,  and ru theniun  with lo3Ru t r a c e r .  

t i l i z e d  and passed over  a fused zirconium-clad UO:: f u e l  element before  

en te r ing  the  SAT t ank .  

The a e r o s o l  cons is ted  o f  iod ine  wi th  l3lI t r a c e r ,  cesi.iim wi th  

These i so topes  were vola-  

The samples from the  eqeri r r tent  were analyzed with CSE counting 

equipmenl; and t h e  gamma-spectrum a n a l y s i s  pr0gra.m. The r e s u l t s  have been 

rece ived  and w i l l  be i n t e r p r e t e d  during the  next r e p o r t  pe r iod .  
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1 . 2  PROMPT FISSION-PRODUCT RELEASE STUDIES IN TREAT 

(AEC A c t i v i t y  04 60 10 01 1) 

G. W. Parker  R .  A.  Loren2 

Work i s  cont inuing  on t h e  design of  experiments t o  s imula te  i n  t h e  

'TEEAT r e a c t o r  t h e  "prompt" f i s s ion -p roduc t  release phase of loss-of- 

coolant  a c c i d e n t s .  "Prompt r e l ease"  r e f e r s  t o  t h e  irnmediate escape of 

v o l a t i l e  and gaseous f i s s i o n  products  from void spaces  i n  high-burnup 

f u e l  rods when c ladding  i s  ruptured  fo l lowing  a loss-of-coola-nt  blowdown 

acc iden t  i n  pressurized-water  and boi l ing-water  r e a c t o r s  a Cladding rup- 

t u r e  i n  t h e s e  acc iden t s  i s  a r e s u l t  of h igh  i n t e r n a l  gas p res su re  and low 

c ladding  s t r e n g t h  because of h igh  temperature  fol lowing l o s s  of  cool.ant. 

I n  t h e  i n - p i l e  'TREAT experiments,  f i s s i o n  heat w i l l  be used t o  s imula te  

t h e  decay hea t  and i n i t i a l .  'neat conten t  of U02 above t h e  c ladding  tempera- 

t u r e  i n  a r e a l  loss -of -coolan t  w c i d e n t .  TREAT w i i l  b e  operated a t  s t eady  

power so  t h a t  c ladding  r u p t u r e  of  t h e  t e s t  rods w i l l  occur between 1 0  

and 30 sec  a f t e r  i n i t i a l  r e a c t o r  hea t ing .  I n  t h e  f i r s t  experiments,  it 

i s  planned to use  c l u s t e r s  o f  VBWR f u e l  rods (Zirca.l.oy-2 c l a d  1102) ir- 

r a d i a t e d  t o  9000 Mwd/T s e v e r a l  yea r s  ago. 

The prompt re lea-se  phase of t h e  loss -of -coolan t  acc iden t  poses two 

important  ques t ions  to t h e  r e a c t o r  s a f e t y  a n a l y s t .  F i r s t ,  how much rad io-  

a c t i v e  and b i o l o g i c a l l y  hazardous f i s s ion -p roduc t  m a t e r i a l  w i l l  be  r e -  

l e a s e d  (and how far w i l l  it be t r a n s p o r t e d ) .  

swel.1- o r  f a i l  i n  such a. way t h a t  emergency core  cool ing  devices  ca:mot 

funct ion '  p rope r ly .  

Second, w i l l  t h e  cla,dding 

The TRERT experiments w i l l  be concerned p r i m a r i l y  with eva lua t ion  

of  t h e  q u a n t i t y  and c h a r a c t e r  o f  r e l e a s e d  r a d i o a c t i v e  f i s s i o n  products ,  

e s p e c i a l l y  l3II .  

experiments and a n a l y s i s  of r e s u l t s ,  a l i t e r a t u r e  survey ha.s been under- 

taken .  

e r a t i n g  condi t ions ,  t h e  "d i f fus ion"  r e l e a s e  of  short  h a l f - l i f e  i so topes ,  

and t h e  release o f  s t a b l e  f i s s i o n  gases .  Much work has  been done on t h e  

r e l e a s e  of  s t a b l e  f i s s i o n  gas under normal f u e l  opera'cing cond:i.tioa.s, 

b u t  t h e r e  is l i t t l e  agreement on c o r r e l a t i o n  o r  p r e d i c t i o n .  T'e on ly  

'To provide  background information f o r  des ign  of  t h e  

The main o b j e c t i v e  i s  t o  look  for correla . . t ion between f u e l  op- 
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s tudy  of s h o r t  h a l f - l i f e  i so topes  was made wi-Lh continuous sweep experi-  

ments, u s u a l l y  a t  low burnup and low temperature .  

I n  our a t tempt  t o  carrel-ate t h e  r e l e a s e  of  r a d i o a c t i v e  2nd s t a b l e  

f i . ss ion gas wi th  U02 fuel. opera t ing  condi t ions ,  we a r e  examining the use  

of t h e  “c1assica. l”  diffusi .on r e l e a s e  equat ions developed by Booth and 

Rymer1J2 and al.so by Beck..3 

r a d i o a c t i v e  and s t a b l e  f i s s i o n  gas.  The equat ions a r e  

These equat ions desc r ibe  t h e  r e l e a s e  of both 

f o r  smal-1 f r a c t i o n a l  r e l e a s e  ol” s t a b l e  and r a d i o a c t i v e  fission products ,  

r e s p e c t i v e l y .  F igure  1 . 2  i s  8. gra$h of  t h e  two p e r t i n e n t  eqx i t ions .  It 

i s  now known tha-1; f i s s ion -gas  rei-ease, e s p e c i a l l y  a t  h igh  tempera-Lure, 

is dependent on a v a r i e t y  of  parameters,  such as burnup, g r a i n  growth, 

t rapping ,  bubble migrat ion,  and possl:.b.l.y temperature  cycl.ing. However, 

we b e l i e v e  khat t h e  time dependence and r a d i o a c t i v e  decay dependence d.e- 

sc r ibed  i n  t h e  d i f f u s i o n  equat ions may b e  v a l i d ,  and we a r e  t h e r e f o r e  

examining t h e  use o f  a f iss i -on-gas r e l e a s e  parameter,  D/, whose tempera- 

t u r e  dependence i s  empiricaLly determi-ned # I n  agreement w f . t h  Evans4 we 

will c a l l  t h e  parameter D/ ( empi r i ca l ) ,  and it i s  t o  be  sdbs’ii tuted For 

D / a 2  o r  D/ i n  the “ c l a s s i c a l ”  d i f f u s i o n  equat ions.  

The temperature  dependence of f i s s ion -gas  release i n  capsules  and 

fuel- rods has  been descr ibed  i n  a v a r i e t y  of ways, 

time- equiva len t  parametei-s used t o  coi.rela-i;e f rac t iona l -  f i ~ s  sion-product 

Examples of tempera- 

’A. H .  Booth  and G. T .  Rymer, Determination of t h e  Dif fus ion  Con- 
s-Lafit of  F i s s ion  Xenon i n  iT02 C r y s t a l s  and S i n t e r e d  Compacts, Canad.ia,n 
Report CKDC-720, August 1358. 

.Lions, p .  486, U.S, Government P r i n t i n g  Off ice ,  Washington, 1961. 

3 S .  D .  Eeck, The Dif fus ion  of  Radioact ive F i s s i o n  Products from 
Poi*ot;s Fuel. Elements, USAEC Report BMI-1433, B a t t e l l e  Memori a1 Ins t J - tu te ,  
Apr. 18, 1960. 

&D. M. Evams, The U s e  o f  a Parameter t o  Charac t e r i s e  t h e  Release of 
S-Lable Fission Ga,ses i n  Seal-ed E n s  Operating i n  Power Reactors ,  Br j - t i sh  
Heport TRG-963 ( W )  , 1965. 

J .  Be l l e  ( E d .  ) , Uranium 13ioxid.e: P rope r t i e s  and Nuclear Applica- 
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re lea-se  axe volumetr ic  average f u e l  rod temperature ,  maximum f u e l  rod 

volumetri c average temperature ,  t h e  therma.1 conduc t iv i ty  i n t e g r a l  4' K de a t  end of' e ~ p e r i m e n t , ~  and t h e  i n t e g r a l  

t ime and l eng th  of rod .8  

K de averaged over 
L + i O  

The choice f o r  our f i r s t  attemp-t a t  determining D /  ( e m p i r i c a l )  was 

t o  use t h e  r e l e a s e  of  s t a b l e  f i s s i o n  gas i-n capsules  and f u e l  rods as r e -  

por ted  by AXL.8-12 We chose t h e  AECL work beca.u.se o f  t h e  l a r g e  number 

o f  c a z e f u l l y  conducted and wel l - reported experiments.  Tne t enpe ra tu re -  

equivalence iwe chose i s  t h e  average ].inear power, which was e a s i l y  ob- 

t a i n e d  from most o f  t h e  AECL r e p o r t s .  This average l i n e a r  power can be 

o'utained f o r  other i-x-radiations by using burnup d a t a  and .time a t  power 

and by assuming heai; outpiit o f  182 Mev pe r  f i s s i o n .  

was made f o r  d e n s i t y  di.Fferences based on Ref.  12 .  

( e m p i r i c a l ) ,  which w i l l  b e  r e f e r r e d  t o  as D f ,  i s  c o r r e l a t e d  with average 

A sma.l.1. c o r r e c t i o n  

The r e su lk ing  D' 

%l. I). F resh ley  and F.  W. Panisko, The I r r a d i a t i o n  Behavior of U02- 
Pu02 Fue1.s i n  PRTR , USAEC Report RNWL-366, B a t t e l l e  Northwest Labora- 
- tor i  es  , March 1.967. 

6J. P.  Hoffman and D. H. Coplin, The Release of F i s s i o n  Gases from 
Uranium Dioxide P e l l e t  Fuel Operated a t  High Temperatures USAEC Report 
GFAP-4536, General E l e c t r i c  Company, September 1964 a 

G a s  Release froE U02  Fuel  Hods with Gross Centra l  Melting. I .  P e l l e t  
Fuel ,  USAEC Report G U P - 4 5 7 2 ,  General. E l e c t r i c  Company, J u l y  24,  1-364. 

'R. D. MacDona,l.d and G .  W.  Parry,  Zircaloy-2 Clad U02 Fuel  Elements 
I r r a d i a t e d  t o  a Burnup of  10,000 Mwd/Tonne U, Canadi-an Report AECL-1952, 
January 1964. 

9ivl. J .  F. Notley, A .  S .  Bain, S .  Ananthakrishnan (A.tomic Energy E s -  
tabl ishment ,  'L'roriibay, Indi-a,), and G .  W. Parry,  Z i rca loy  Sheathed U02 Fuel- 
Elements I r r a d i a t e d  at Values of  
Report AECL-1676, December 1962. 

"-Element S i z e  Fuel  i r r a d i a t e d  t o  9100 Mwd/tonne U, Canadian Report CRPD- 
1179 o r  AKCZ-1895,  Jaiiuary 1964. 

t o  Study Sheath Deforma-ti~on, Canadiam Report A.ECL-1685, December 1962. 

12M. J. F. Notley and J. R. MacEwan, The E f f e c t  OP U02 DensTty on 
F i s s ion  Product Gas Release and Sheath Expansi-on, Canadian lieport AECL- 
2230, March 1965. 

7R. C .  Nelson, I). H .  Coplin, M. F. Lyons, and 5. Weidenbaum, F i s s ion  

KdB Between 40 and 83 W/crr., Canadian 

"A,. S. BaLn, J. C h r i s t i e ,  and A .  R .  Daniel ,  T r e f o i l  Bundles of  NPD 

IIR. [ I .  MacDonald and A .  S .  Bain, I r r a d i a t i o n  of  Zi.rcaloy-2 Clad UO? 
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l i n e a r  power i n  F ig .  l .3 .  

rameter for stoichi-ometr ic  UO2,  93.5% of t h e o r e t i c a l  dens i ty ,  wi th  burnup 

g r e a t e r  t han  380 Mwd/T, der ived  from a c o r r e l a t i o n  of r e l eased  s t a b l e  

f i s s i o n  gas with average l i n e a r  power based on burnup, t ime at power, and 

182 Mev per  f i s s i o n .  The capsules  were subjec ted  t o  temperature  cyc les ,  

bu t  t h e  ope ra t ing  power was reasonably cons tan t  f o r  t'ne du ra t ion  of  t h e  

experiment. 

Di i s  t h e  empir ica l  f i s s ion -gas  r e l e a s e  pa- 

/ 
The method f o r  determining Di f o r  each po in t  w a s  t o  f i n d  D l t  from 

F ig .  1 . 2 ,  d i v i d e  by i r r a d i a t i o n  t i m e  at power, and apply a small cor rec-  

t i o n  f o r  U02 dens i ty .  Ac tua l ly  t h e  d e n s i t y  c o r r e c t i o n  should more logi- 

c a l l y  be  app l i ed  t o  t h e  l i n e a r  power. 

The r e s u l t s  a r e  q u i t e  g r a t i f y i n g  because good agreement, i s  ob ta ined  

over a l a r g e  range of  tiine, burnup, and dens i ty .  Note t h a t  t h e  p re sen t  

l i n e a r  power c o r r e l a t i o n  i s  good only  f o r  "normal" fue l - to-c ladding  con- 

d u c t i v i t y .  A n  approximate volumetric-average temperature  s c a l e  i s  in -  

cluded at t h e  t o p  of  F ig .  1.3 f o r  rough comparison. 

The next  s t e p  i s  t o  apply Di t o  t h e  r a d i o a c t i v e  f i s s i o n  gases  t h a t  

a r e  i n  production-decay equi l ibr ium.  As an example, a s e c t i o n  of  f u e l  

rod ope ra t ing  a t  18.3 kw/ft (600 ,/em) would have a D{ of  about 2 X 10-' 

s e c - l  ()from Fig .  1.3).  s e c - l )  i n  

t h e  f u e l  rod void  spaces  would b e  0.11 o r  about 11% (from Fig .  1 . 2 ) .  If 

iod ine  f r a c t i o n a l  r e l e a s e  i s  twice  t h a t  of  xenon,13 then  DI f o r  i od ine  

would be  4 ( 2  X 

seeq1) f n  t h e  f u e l  r o d  

about 27% (P ig .  1 . 2 )  f o r  t h e  above example. 

t h i s  e s t ima te  because ve ry  few experimental  va lues  a r e  av5iLable on t h e  

r e l e a s e  of  s h o r t  h a l f - l i f e  f i s s i o n  products  from high-burnup f u e l .  

The f r a c t i o n  of  133Xe ( A  = 1.52 X 

or 8 x lo-' sec-l ,  and t h e  f r a c t i o n  of '''1 ( A  = loM6 

voids  a t  production-decay e q u i l i b r i u n  would be 

It i s  not  p o s s i b l e  t o  check 

l 3 G e  W. Parker  and R .  A.. Lorenz, ORNL Nuclear Sa fe ty  Reseairch and 
Development Program Bimonthly Report f o r  May-June 1967, USAEC Report 
ORNL-TM-l913, p a  6, Oak Ridge Nat iona l  Laboratory,  July 1967. 
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1.3 BEIUVIOR OF FISSION PRODUCTS DURING IN-PILE 
DESTRUCTION OF REACTOII FUELS 

(AEC A c t i v i t y  04 60 10 01 1) 

S .  H .  F r e i d  B .  F. Roberts 

Evaluat ion and i n t e r p r e t a t i o n  of t h e  r e s u l t s  of t h e  f irst  two con- 

ta inment  v e s s e l  experiments,  p rev ious ly  r epor t ed ,  ' 9  has  been delayed be- 

cause of incomplete analyt ica .1  r e s u l t s .  

packs used in  t h e  second experiment a r e  r e l a t i v e l y  complete and a r c  given 

i-n Table 1 .2  and p l o t t e d  as a func t ion  of  t ime i n  F ig .  1 .4 .  The cor res -  

T'ne iod ine  data  from t h e  May 

ponding informat ion  f o r  experiment 1 w a s  r epor t ed  previ.ously. ' The second 

experiment d i - f fe red  from t h e  f i r s t  only  i n  t h e  temperature  i n  t h e  contain-  

ment v e s s e l ,  103°C versus  40°C. i n  both cases  d ry  aiy was p resen t  i n  t h e  

-- 
'C. E. h l i l l e r ,  Jr. ,  e t  al., 03NL Nuclear S a f e t y  Research and Develop- 

ment Program Bimonthly Report f o r  March-April 1967, USAEC Report ORNL-TM- 
1864, p. 10, Oak Ridge Nat iona l  LaboratoTy, May 1967. 

* C .  E .  Mi l le r ,  Jr., S .  3 .  Fr ied ,  and B. F. Roberts, ORNL Nuclear 
S a f e t y  Research and Development Program Bimonthly Repoyt f o r  May-J;me 
1967, USAEC Report ORNL-TM-1913, p a  8, Oak Ridge Nat iona l  Laboratory,  
J u l y  1967. 

Table 1-2. Iodine  D i s t r i b u t i o n  i n  May-Pack Components 
A f t e r  Secoiid I n - P i l e  UO;! Meltdown Experiment 

May-pack sampler number 1 2 3 4 5 

Time sample taken ,  hr" 0.95 3.12 6.15 7.57 10.35 

Iodine  d i s t r i b u t i o n , b  (A./Ao) X 100 

Absolute  f i l t e r  (F-700) 4.63 2.15 0.49 0.72 0.56 
S i l v e r  sc reens  2.47 5.09 10.12 5.78 9.09 
Charcoal fri iter papers  2.34 3.22 4.11. 7.63 12.87 
Charcoal. f i l t e r  beds 2.42 2.23 2.33 3.16 2.52 

a 

b 

A0 = t o t a l  i od ine  a c t i v i t y  i n  May packs a t  t o  (from ext ra ,pola t ion) .  

Time a f t e r  contaiiimeat v e s s e l  w a s  removed from t h e  r c n c t o r  e 

A = i od ine  a c t i v i t y  on component 
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F i g .  1 . 4 .  Iod ine  Dis t r ib i i t ion  i n  May-Pack Components Afte r  Second 
in-Pi le UO;! Mel'idown Experiment. 
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furnace  a r e a  and i n  t h e  containment v e s s e l .  These r e s u l t s  i n d i c a t e  t h a t  

t h e  iodine spec ie s  desorb from t h e  ho t  (103°C) con-tainment v e s s e l  su r f aces  

and change t o  a more p e n e t r a t i n g  form upon aging.  Some modif ica t ion  of  

t h e  containment v e s s e l  has  been necessary  during t h i s  per iod  to sepaxate  

t h e  secondary from t h e  primary off-gas systems a 
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2. WATER RFAC'I'OR PROGRAM - ENGINEERING SAFEGIJARDS 
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2 . 1  MODEL TESTS OF NATURAL TRANSPORT PIIENOMENA 

( A E C  A c t i v i t y  04 60 80 01 1) 

L .  F. P a r s l y  J. K.  Franzreb 
J. L . Wantland 

The Nuclear S a f e t y  P i l o t  P l a n t  (NSPP) i s  a f a c i l i t y  f o r  s tudying 

t h e  behavior  of  f i s s i o n  products  i n  a conta-inment v e s s e l  on a p i l o t -  

p l a n t  s c a l e .  A 10- f t -d iam by 15- f t -h igh  model containment v e s s e l  i s  

used f o r  t h e  s tud ie s ,  which inc lude  s t u d i e s  o f  both n a t u r a l  t r a n s p o r t  

e f f e c t s  and counterrrieasures. 

The p r i n c i p a l  e f f o r t  during the  cu r ren t  r epor t ing  pe r iod  has  been 

on t h e  spray  t e s t  experiments, which a r e  repor ted  s e p a r a t e l y .  Work on 

t h i s  program has  included completion of  t h e  a n a l y t i c a l  chemistry and 

da ta  reduct ion  f o r  NSPP run 19  and fur ther .  development of  a computer 

prograrn f o r  a n a l y s i s  o f  thermal convection c u r r e n t s  i n  a c losed cy l in -  

d r i c a l  bank. 

NSPP run 19 was an experi-ment i n  which elemental  iod ine  was r e l eased  

i n t o  dry  a i r  a t  room temperature  i n  t h e  inoclel containment v e s s e l .  'The 

v e s s e l  atmosphere was s t i r r e d  cont inuous ly  by means of  an e l e c t r i c  fan 

(3000-cfm r a t i n g ) .  The time-dependent behavior  of  t he  iodine w a s  s tud ied  

over  a pe r iod  of  70 h r .  Table 2 . 1  p r e s e n t s  the  da.ta c o l l e c t e d  by the 

t h r e e  May-pack c l u s t e r s  used i n  t h e  run .  Eleven o f  t he  May packs were 

used t o  c o l l e c t  samples, and one ( N o .  4 )  w a s  l e f t  a s  a blank.  

May pack, t h e  number p r i n t e d  a s  "concentrat ion" i s  t h e  t o t a l  a c t i v i t y  

c o l l e c t e d .  The p r i n c i p a l  s ign i f i cance  of  t h e  blank sample data i n  t h i s  

run i s  t h a t ,  except  f o r  t he  impregnated charcoa l  beds (which c o l l e c t  a l -  

most no th ing)  and the  check valves ,  t h e  a c t i v i t y  on the components o f  the 

May packs t h a t  took samples exceeds tha- t  on t h e  corresponding blank sam- 

p l e r  components by a f a c t o r  of 10 o r  more. This  means tha.i; even i n  the  

l a k e r  s t a g e s  o f  t h e  experiment, t h e  va lues  repor ted  are s i g n i f i c a n t l y  

above background . 

For t h i s  

The d a t a  from t h i s  run appear  t o  i n d i c a t e  t h a t  s i g n i f i c a n t  methyl 

iod ide  formati-on occurred.  The d a t a  f o r  the concent ra t ion  of  t h e  iod ine  

f r a c t i o n  c o l l e c t e d  by t h e  charcoa l  beds i n  t h e  May packs a r e  p l o t t e d  ver-  

s u . ~  t ime FnE'ig. 2 .1 .  Presumably t h e  iod ine  f r a c t i o n  c o l l e c t e d  i s  organic  
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ORNL-GWG 6740252 

0 SAMPLER 5 ft  ABOVE CENTER L INE 

A SAMPLER 5 f t  BELOW CENTER LINE 
e SAMPLER AT CENTER LINE 

0 4 8 12 16 20 24 28 
TIME AFTER IODINE R E L E A S E  (hr) 

Fig. 2.1. NSPP R u n  1-9 - Fraction of Charcoal-Seeking Iod ine  Versus 
T i m e .  
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i o d i d e .  The concent ra t ion  increased by a f a c t o r  o f  (+.5 during t h e  € i r s t  

1~2 hr 2nd then s ta r ted .  t o  decrease.  The methyl i od ide  formed amonnted 

'GO about 2% of  the iodine p r e s e n t  i n  t h e  MCV atmosphere a t  ti.me ze'ro o r  

about 1% o f  the i od ine  suppl ied f o r  t h e  experiment. 

I n  F ig .  2 . 2  we have pl.otted t h e  normal-ized concent ra t ion  of iodine 

( C/C, ) , excluding t h e  charcoal-  seeking f r a c t i o n ,  versus  t i m e  f o r  run 19  

and f o r  run 18, which was similar  except that forced c i r c u l a t i o n  was i m -  

posed f o r  t i e  f i r s t  10 min 09l.y. The r u n  19 d a t a  f i t  t h e  model o f  re -  

v e r s i b l e  adsorp t icn  w i t h  p s r t i a l  wall covemge proposed by Watson, Perez, 

and Foritam 1 using k, = 6 x lom3 cm/sec and a = 0.004 i n  t h e i r  Eq. ( ' 7 ) "  

The rul? 1.8 behavior  i s  more complex; it does no t  appear t o  f i t  t h e  

above model, nor does i.t I'it a molecular d i f fns i -on  model. 

The computer program was b r i e f l y  descr ibed i n  tile precedj.j?g r e p o r t  

In t h i s  I)uri.ng ';he r r e s e n t  r e p o r t i n g  per iod  we decided t o  o r -  

ganize t h e  program a s  a s e r i e s  of  subrout ines  c a l l e d  by a rela-Lively 

short master program. Tnie w i l l  f a c i l i t a t e  compiling t h e  s e v e r a l  see- 

-'Lions o f  t h e  c a l c u l a t i o n  and allow t he  c r i t i c a l  seeti-ons t o  be optimized 

more r e a d i l y .  The c a l c u l a t i o n  subrout ines  have all been w r i t t e n  and com- 

p i l e d  and some short t e s t  ca ses  have been r u n .  Some inpu t  and output  

r o u t i n e s  stil.1. have t o  be wi-itten. 

1 G. M. Wa-cson, K. B .  Perez, and M .  H .  Fontana, E f f e c t s  ot' Contain- 
ment S ize  on F i s s i o n  Prodiic'c Behwrior, USAEC Report ORML-4033, Oak Ridge 
PTa Lional Laboratory, J a  nuar:, 19C7. 

S a f e t y  &search and Cevelo-grne?t Prograf i  Bimonthly depor t  f o r  May-Jme 
1967, USkEC Report O F ~ T L - T I ~ I - ~ ~ ~ ~ ,  p .  18, Oak Ridgp Nat iona l  Laboratory, 
July 196'/. 

2L. b'. Parsly, J. L .  bJantland, and j. K .  Eranzreb, ORNL Kuclear  
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2 . 2  SPRAY AiYD POOL-SUPPRESSION TECT-TTJOLOGY PROGRAM 

(AEC A c t i v i t y  04 60 80 01 1) 

T .  H .  Row, Coordinator 

The spray and pool-suppression technology prograrn now inc ludes  work 

on l i t e r a t u r e  reviews, a survey of  a d d i t i v e s  for poss ib l e  use as sprays,  

cor ros ion  t e s t s ,  single-dropwind-tunnel s tud ie s ,  scale-model engineer ing 

tes ts ,  a s tudy on removal of  f i s s i o n  products  i n  a pressure-sisppression 

Lype of containment, and r a d i a t i o n  s t a b i l i k y  of  s o l u t i o n s .  Close l ia , i son  

is maintained wi th  the  nuc lear  indu.stry so t h a t  t he  program covers t he  

p r a c t i c a l  engineer ing a spec t s  o f  t he  a p p l i c a t i o n  of  spray technology 'GO 

nuclear  f ac i l . i . t i e s .  

Behavior of F i s s i o n  Products  i n  Gas-Liquid Systems 
( B .  A .  Soldano, W. T .  Ward) 

The use of a d d i t i v e s  t o  improve the  e f f i c i e n c y  of aqueous spray sys- 

tems i n  removing iodine and r z l a t e d  iod ides  r a i s e s  t h e  ques t ion  o f  what 

e f f e c t  pH has on tihis process .  A s ingle-drop wind-tunnel s tudy .was com- 

p l e t e d  i n  which the  e f f e c t s  of pH v a r i a t i o n  on both t he  mass -transpor'i 

c o e f f i c i e n t s  and the  d i s t r i b u t i o n  c o e f f i c i e n t s  of CH31 i n t o  a I w t  $ 
s o l u t i o n  of  Na2S203 were examined. 

Tine s ingle-drop experimental  procedures and method of  d a t a  ana lys i s  

remain i d e n t i c a l  t o  those descr ibed  i n  the  May-June bimonthly r epor t ,  

w i t h  t he  drop r ad ius  being f i x e d  as before  a t  0 . 2 1  cm. The sole v a r i a b l e  

i n  t h i s  s tudy  was  pH. The s o l u t i o n  pH w a s  ad jus ted  by the add i t ion  of 

0.3 w t  % H3503 t o  the  1% Na2SzO3 s o l u t i o n  t o  g ive  a pH o f  5 .8 .  

a c i d i f i c a t i o n  t o  a pH of 4.0 w a s  achieved by the  additi-on of  H C 1 .  The 

result obtained a t  a pH of 6 . 1  wi th  1% N32S2O3 w a s  repor ted  i n  the  pre-  

vi-ous bimonthly r e p o r t .  The b a s i c i t y  v a r i a t i o n s  were made by the addi- 

t i o n  o f  NaOH t o  the  Na2S203-H3B03 s o l u t i o n .  

Furti ier 

The d i s t r i b u t i o n  c o e f f i c i e n t s ,  Kd, of  CH3I between the  aqueous and 

gas  phases were ca l cu la t ed  as follows: 

mi l l imoles  CH3I 

= (  per cc  s o l u t i o n  

K 
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Both the  k i n e t i c  and d i s t r i b u t i o n  e f f e c t s  o f  pH on the  adsorp t ion  

o f  C H 3 I  a r e  shown i n  F i g s .  2 .3  and 2.4 .  It may be noted on Fi.g. 2 . 3  t h a t  

t he  mass t r a n s p o r t  c o e f f i c i e n t ,  v of  C H 3 1  r i s e s  sha rp ly  as the  system 

i s  made 'oasic.  The maximum v value a t  pH 7 i s  about 9 t imes h igher  than  

t h e  minimum obta ined  a t  pH 5.8. 

t' 

t 

S ign i f  Fcant i n s i g h t  i n t o  one of the  primary processes  c o n t r o l l i n g  

t h e  mass t r a n s p o r t  of C H 3 I  i n t o  water  i s  obta ined  by a comparison of  t h e  

v values  a t  26 and 40°C and a subsequent c a l c u l a t i o n  of t he  energy o f  

a c t i v a t i o n  requi red  f o r  t h e  p rocess .  The experimental  f a c t  i s  t h a t  t he  

energy of  a c t i v a t i o n  a t  a pH o f  7 2nd h igher  i s  approximately zero;  t h i s  

r e f l e c t s  a temperature i n s e n s i t i v i t y  o f  the  CIJ3 I  r r~ss  t r a n s p o r t  p rocess .  

I n  the  acidi.c range, however, t h e  v values  i-ncrease wi th  Lempera-Lure. t 
The energy of  a c t i v a t i o n  on t h e  a c i d i c  s i d e  i.s approximately 10,000 c a l  

based on measurements at four  temperatures  (26, 34, 40, and 47°C) a t  a 

pH o f  5.8. No d e t a i l e d  nieasuremen-Ls were performed a t  a pH of 4.0 be- 

cause t h e  s o l u t i o n  i s  uns t ab le .  

t 

It has been p o s t u l a t e d  by E'ranck and Haber' t h a t  t h e  primary s t e p  

i n  the  p h o t o l y s i s  of  C H 3 1  i n  water  i s  the  i o n i z a t i o n  of  wa-Ler. Since 

a c i d i f i c a t i o n  i n h i b i t s  t he  i o n i z a t i o n  of H20, an a c t i v a t i o n  energy of 

10,000 cal  (comparable t o  t h e  e l e c t r i c a l  free energy r equ i r ed  t o  ion ize  

wa te r )  would be expected i f  t h e  F'ranck mechanism i s  involved.  

b a s i c  s ide ,  t he  water  i s  a l r eady  ionized,  so no a d d i t i o n a l  energy i s  re-  

qu i red  t o  make the  pl~otochemical  r eac  t i o n  proceed ( temperature  i i isensi-  

t i v i t y  being a common c h a r a c t e r i s t i c  of  t h i s  type of r e a c t i o n ) .  

On the  

A d i rec- t  t e s t  o f  t h e  r o l e  of  the  photon was conducted by measuring 

- i n  t he  absence of  l i g h t  t he  mass t r a n s f e r  of  C H 3 I  i.n 1% Na;r;SzO3 a t  p'rI 7.3, 

and T E 26°C. 

d e f i n i t e l y  lower t han  t h e  m a s s  t r a n s f e r  c o e f f i c i e n t  obta-ined under iden- 

t i c a l  condi t ions ,  except f o r  t he  ex i s t ence  of  a f l u o r e s c e n t  l i g h t  soiirce. 

The r e s u l t a n t  value of  1.73 X lom2 cm/sec ( F i g .  2 .3 )  i s  

Tne s tudy  o f  pH dependency thus  l e a d s  t o  t h e  conclusion thak photo ly-  

sis, as w e l l  as pB, may well p l a y  a r o l e  i n  t h e  p rocess  of a l k y l  h a l i d e  

mass t r a n s f e r  i n t o  water .  Moreover, s ince  t h e  pH dependence of tile 

" J .  Franck and F. Haber, -__I Si t z -P reuss  Akad. Wiss., p .  250, 1931. 
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Fig. 2.4. D i s t r i b u t i o n  of Methyl Iodide  as a Function of pII and 
Temperatwe. 
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equi l ibr ium d i s t r i b u i i o n  c o e f f i c i e n t s  ( F i g .  2 . 4 )  a l s o  roughly p a r a l l e l s  

t h a t  of t h e  mass t r a n s p o r t  c o e f f i c i e n t s ,  from both a k i n e t i c  and thermo- 

dynami-c s tandpoin t ,  it appears t h a t  a pH of  7 o r  higher  provides  the  most 

s d i t a b l e  environment f o r  absorbing C H 3 I .  Since these  e f f e c t s  a r e  l a rge ,  

i t  appears t h a t  bu f fe r ing  the  spray system t o  insure  a l k a l i n i t y  may well 

be advisable .  

Spray Program i n  the  Nuclear Safe ty  P i l o t  P l a n t  
Tc. 1’. Parsly,  J .  K.  E’ranzreb) 

--- Analy t i ca l  S t u d i e s .  A thorough review of  t he  chemical engineer-  

ing  L i t e r a t u r e  app l i cab le  t o  the  spray program w a s  made, and a mem0ra.n- 

dum summarizing t h e  s a l i e n t  f e a t u r e s  w a s  d r a f t e d .  The s tudy confirms 

the  conclusion t h a t  absorp t ion  of  I2 i n t o  reagents  i s  gas-f i lm con t ro l l ed  

(we ca l cu la t ed  t h a t  t h i s  would be t r u e  f o r  any I 2  concen’Lration below 

20,000 mg/m3 i f  1% sodium t h i o s u l f a t e  s o l u t i o n  were used) .  Li-kewise, 

because of a highly  favorable  d i s t r i . bu t ion  c o e f f i c i e n t ,  absorpt ion of 

H I  i n t o  water i s  gas-fi1.m con t ro l l ed  ( a t  25°C -the d i s t r i b u t i o n  c o e f f i -  

c i e n t  f o r  HI i s  9 .2  x l o 6 ) .  
On the  o t h e r  hand, the d a t a  f o r  methyl i.od.ide absorpkion i n d i c a t e  

t h a t  l iquid-phase d i f f u s i o n  and r eac t ion  k i n e t i c s  a r e  involved i n  de- 

t e i m h i n g  i t s  removal by sprays;  t he  r epor t ed  r a t e s  a r e  s i g n i f i c a n t l y  

l e s s  than  those expected for a gas- f i lm con t ro l l ed  react i -on but  substan- 

t i a l l y  h igher  than  expected for t r a n s f e r  i.nto a r i g i d  drop i n  the  l i q u i d  

phase .  It appears t h a t  both c i r c u l a t i o n  of  t h e  l i q u i d  i n s i d e  t h e  drop 

and chemical r e a c t i o n  a r e  con t r ibu t ing  t o  the  increase  above t h e  r i g i d  

drop r a t e .  

Experimental .  Three runs (NSPP runs 20-22) were made t o  t e s t  removal 

of  e lemental  iod ine  from the  model containment v e s s e l  abmosphere by sprays 

The fj.rst two used 0.5 w t  $I Na2X203 and 1.4$ H3B03 soliiti.on, while the  

t h i r d  used 0 . 9  w t  $ Na2S203,  1.4% H3BO3, and 0 .6  wt $I NaOB.  

A l l  t h r e e  runs were made a t  room temperature  and approximately 3 p s i g  

wi th  a spray header conta in ing  12 Spraco 3-140D j ewe l l ed -o r i f i ce  mis t ing  

nozz les .  These have O.O4-in.-diam o r i f i c e s  and a r a t e d  d e l i v e r y  of 2.5 

gph each at 50 p s i  or 3.4 gph a t  100 p s i .  The manufacturer repor ted  tha-t  

t l e s e  g ive  a mean drop diameter of  100 p .  
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I n  run 20, we 

dine i n t o  t h e  MCV. 

succeeded i n  vapor iz ing  only  10% of  the  available io-  

I n  our  judgment, t h i s  in t roduces  a number of uncer- 

t a i n t i e s  i n  t h e  r e s u l t s ,  and t h i s  run should be d iscarded .  

I n  both  runs 2 1  and 22 we have been ab le  t o  g e t  e x c e l l e n t  checks on 

t h e  ha l f - t ime f o r  iod ine  removal between data on t h e  decay of  gamma-ray 

a c t i v i t y  i n  t h e  MCV and the  bui ldup of  gamma-ray a c t i v i t y  i n  the  spray 

so lu t ion ,  which was c o l l e c t e d  i n  a pool  i n  the  bottom of  the  model con- 

tainment v e s s e l .  The poo l  water  was cont inuously c i r c u l a t e d  p a s t  a sc in-  

t i l l a t i o n  counter .  The ha l f - t ime w a s  34 * 2 sec .  Figure 2.5 p r e s e n t s  

t y p i c a l  data. 

T'nis ha l f - t ime i s  s u b s t a n t i a l l y  g r e a t e r  t han  t h a t  p r e d i c t e d  for  100 p 

drops a t  t h e  flow r a t e  iused i n  these  runs (2 .5  s e e ) .  

t i o n  i s  t h a t  t h e  t r u e  drop s i z e  i s  l a r g e r  t han  t h e  r epor t ed  vc7lu.e. The 

observed ha l f - t ime i s  c o n s i s t e n t  wi th  a drop diameter of  275 p.  

A p o s s i b l e  explana- 

T'ne high-pressure spray  s o l u t i o n  holdup t ank  r equ i r ed  f o r  ca.rrying 

o u t  spray experiments at e l eva ted  temperature  and p res su re  i s  now being 

i n s t a l l e d .  Experiments wi th  nozz les  o f  t h e  t n J e  being proposed f o r  con- 

tainment bu i ld ing  spray  systems and covering a range o f  p re s su res  and 

temperatures  w i l l  s t a r t  about September 1. 

Rad io lys i s  S tud ie s  ( H .  E .  Z i t t e l )  

A s tudy o f  t h e  e f f e c t s  of high-energy r a d i a t i o n  on va r ious  proposed 

spray  s o l u t i o n s  was i n i t i a t e d .  To date ,  t he  e f f e c t s  of  6oCo gamma radi.a- 

t i o n  on t h e  va r ious  components o f  t h e  Na2X203-boric a c i d  system have been 

under s tudy .  Tne r a d i o l y t i c  e f f e c t s  a r e  befng followed by (1) change i n  

I 2  equivalence of  t h e  i r r a d i a t e d  so lu t ions ,  (2 )  change i n  pH, (3) measare- 

ment of  r a d i o l y t i c  H2, and ( a )  i d e n t i f i c a t i o n  and measurement of  r ad io ly -  

t i c  s o l i d s .  The e f f e c t  of change i n  dose ra te  and t o t a l  dose on these  

parameters  i s  being e s t a b l i s h e d .  The data obta ined  io  da t e  a r e  presented  

i n  Table 2.2.  
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Fig. 2.5. NSPP Ru.n 22 - Removal of Iodine from MCV Based on bCV 
Gama-Ray Data. 



Table 2.2. Prel iminary Resul t s  of  Radio lys i s  S tudies  

G ( I 2  Equivalence Solut ion Sol tit ion  Dose pH A f t e r  AI 2 
Irradia- ( I 2  equivalence equiva- Destroyed S o l i d s  

t i o n  per  l i t e r ) "  l e n c e )  @) No. Makeup (. 1 

I 1 w t  $ ITa2S2@3, 9 x la5 9.2 -6.0 X -3.1 None d e t e c t e d  
300G ppr. 13, 1 x 107 9.1 -1.7 x 10-3 -2.6 None d e t e c t e d  
0.153 m XaOH, 2 x lo7 9.0 -1.3 x 10-3 -2.1 None d e t e c t e d  
pH 9.2 5 x lo7 8.9 +9.0 x 10-3 0.2 +13.9 None d e t e c t e d  

~1.153 m XaOH, I x 107 9.3  
2 3600 ppsn B, 9 x 1c5 9.3 

pH 9.3 2 x 107 9.2 
5 x io7  9.2 

pH 6 . 1  1 x 107 6.1 

5 x 197 5.4 

4 3000 ppn B, p~ 9 x 105 4.7 
4.6 1 x 107 4.7 

2 x 107 4.6 
5 x 107 4.5 

3 D i s t i l l e d  1320, 5 X lo5 6.2 

2 X l o 7  6.3 

5 1 w t  $ Ma2S203, 9 x 1G5 4.4 +1.2 x 13-3 1.3  +1.8 None de tec ted  
3000 ppm B, p~ 1 x 107 3.5' 4.0 x 10-3 0.8 +12.4 Mone d e t e c t e d  
4.9 2 x 1c7 3 . 7  +15.7 x 10'~ 0.8 +24.3 S o l i d s  p r e s e n t  

5 X lo7  3 .6  + 3 6 s  x 10'~ 3 .? +56.2 Data not  avarilable 
a t  present  t ime 

a 
A negat ive value i n d i c a t e s  an i n c r e a s e  of  I 2  equivalence on r a d i a t i o n .  
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2.3 HIGH-EFFICIETJCY A I R  FILTER ENGINEERING MANUAL 

(mC A c t i v i t y  04 60 80 01  1) 

C .  A .  Burchsted A.  B.  F u l l e r  

'rile h igh -e f f i c i  ency a i r  f i l t e r  engineer ing manual i s  being prepared 

t o  provide a guide f o r  engineers  and a r c h i t e c t s  t o  the requirements f o r  

and desigxl of  a i r - f i l t e r  systems t h a t  r equ i r e  t h e  use of  IIEPA f i l t e r s .  

Chapters 1 through 5 have been i ssued  f o r  review and some r e v i s i o n s  have 

been made. However, response i o  t h e  review reques t  has  been d isappoin t -  

ing;  no w r i t t e n  comments have y e t  been rece ived  from t h e  AEX. 

t i o n  o f  the  remaining chapters cont inued.  

Prepara- 
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2.4 CHAF?.ACTERIZATION AND RELEASE TECHNOLOGY 

(AEC A c t i v i t y  04 60 80 01 1) 

R .  E. Ada,ms 

I n v e s t i g a t i o n s  a r e  be ing  made o f  t h e  c h a r a c t e r i s t i c s  of t h o s e  fis- 

s i o n  products  l i k e l y  t o  b e  r e l e a s e d  i n  nuc lea r  acc iden t s ,  a,nd t h e i r  be- 

havior  and methods f o r  c o n t r o l  a r e  be ing  s tud ied  under t h e  va r ious  con- 

d i t i o n s  t h a t  would b e  expected i n  acc iden t s  i n  water-cooled r e a c t o r s .  

Removal of  Iodine  by S o l i d  Sorbents  ( R .  D .  Ackley, Z. Combs, 
F .  V .  Hensley)  

Current  emphasis i s  on t h e  t r a p p i n g  of  e lemental  r ad io iod ine  and 

r a d i o a c t i v e  methyl i od ide  by comnercial  iod ized  cha,rcoals e A c t i v i t i e s  

dur ing  t h i s  per iod  included (1) determina t ion  o f  I2 removal e f f i c i e n c i e s  

f o r  iod ized  charcoa ls  a.t h igh  loading  and h igh  r e l a t i v e  humidity,  ( 2 )  con- 

t i nued  i n v e s t i g a t i o n  of l o s s  of  impregnant by iod ized  cha rcoa l s  a t  e l e -  

va t ed  temperatures ,  (3 )  a d d i t i o n a l  CH313'I  removal t e s t s  on samples of 

"weathered" charcoa l ,  and ( 4 )  t e s t i n g  of impregnated s i l i c a  g e l  i n  con- 

nec t ion  with a,n e f f o r t  t o  develop a noncombustible agent  f o r  CH3I3 ' I  

t r app ing .  

Because iod ized  chawcoal con ta ins  one o r  more iod ine-conta in ing  sub- 

s t ances ,  t h e  ques t ion  has  been r a i s e d  as t o  whether o r  not t h e  capac i ty  

of  such charcoa l  f o r  e lemental  i od ine  has  been reduced t o  a low and thereby  

dangerous l e v e l .  Accordingly,  t h i s  ques t ton  i s  be ing  i n v e s t i g a t e d  and 

soliic r e s u l t s  have been obta ined .  I n  t h e s e  i n i t i a l  t e s t s ,  extremely h igh  

loadings  o f  1 2  were employed f o r  t h e  reason  t h a t  i f  t h e  charcoa,ls per- 

formed w e l l  a h  t h e s e  h igh  loadings ,  tineir performance (toward 12) a t  lower 

loadings  (of  12) would be  s a t i s f a c t o r y .  Four t e s t s  were eonipi.eted. The 

12 loadings  on the charcoa l ,  as based on t h e  amount o f  charcoa l  3.n a 2- in .  

depth,  were varj-ed from t e s t  t o  t e s t  w i th in  t h e  range o f  3 t o  7 wt $. The 

v a r i a t i o n  i n  I2 removal. e f f i c i e n c y  wi th in  t h i s  range of loading  was not  

pronounced. Some of t h e  o t h e r  p e r t i n e n t  t e s t  cond i t ions  were 25OC, 40 
fpm, a.,pproximately 96s r e l a t i v e  humidity,and 12 i n j e c t i o n  t ime o-f S t o  

15  h r  followed by cont inued air sweep f o r  at l e a s t  9 h r .  Averages o r  t h e  

I2 removal e f f i c i e n c i e s  a r e  given i n  Table 2.3. The f i r s t  two l i s t e d  
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Table 2.3. Average Iodine  Removal E f f i c i e n c i e s  of  
Three Types of  Charcoal 

'Ty-pe of 
Charcoal 

I2 Removal E f f i c i ency  ($) 

For 1 - i n .  Depth For 2- in .  Depth 

Lot 
No. 

MSA 85851 93066" 99.92 99.95 

BC-727 01345 99.93 99.94 

Experimental ( 2$)b 4767a 99.93 99.95 

a 

b 1 2  l oad ing .  

ORNL ass igned  l o t  number. 

types  of  charcoa l  a r e  cormiercial maberials and t h e  t h i r d  ( a l s o  commercial 

i n  orgi-n) i s  similar to BC-727 but  iod ized  t o  a lower degree of impregna- 

t i o n .  

A s  may be  noted,  a l l  t h r e e  charcoa ls  e x h i b i t  e x c e l l e n t  I2 t r app ing  

capabi . l i ty  under t h e  condi t ions  c i t e d .  Addi t iona l  t e s t s  w i l l  be  conducted 

i n  which bulk-phase condensation of wa,ter w i l l  be  induced i n  t h e  charcoa l .  

Observations made elsewhere showed t h a t  iod ized  charcoa ls  emit impreg- 

nant  i n  t h e  form of  I2 upon hea t ing  t o  temperatures  w e l l  below t h e i r  

i g n i t i o n  temperatures .  

a p o s s i b l e  I.oss i.n e f f e c t i v e n e s s  and/or evolu t ion  of r a d i o a c t i v i t y  i f  t h e  

charcoa l  had p rev ious ly  been used to t r a p  r a d i o a c t i v e  I2 or C H 3 I .  

sequent ly ,  an experimental  program t o  s tudy  t h e  evolu t ion  o f  r a d i o a c t i v i t y  

from impregnated charcoa ls  so  exposed was i n i t i a t e d .  Some i n i t i a l  r e -  

sults were r epor t ed  i n  t h e  prev ious  bimonthly repor t '  f o r  temperatures  of 

100, 150, 200, and 26OOC. Subsequent work i n d i c a t e s  t h a t  -the quoted tern- 

pe ra tu re s  a r e  i n  e r r o r  and t h a t  the average temperatures  should b e  ap- 

proximately 85, 135, and 1.85OC. The 260°C t e s t s ,  however, were performed 

i n  a r ev i sed  and improved appara tus ,  and t h e  quoted temperature  i s  cor- 

r e c t .  

This may c o n s t i t u t e  a s e r i o u s  problem because of 

Con- 

Addi t iona l  t e s t s  o f  t h i s  t ype  are be ing  continued, and I n  one s e t  

- 
' X .  E .  A d a m s  e t  a l . ,  ORNL Nuclear S a f e t y  Research and Development 

Program Bimonthly Report f o r  May-June 1967, USAEC Report ORm-TM-1913, 
pp. 9-12, Oak Ridge Nat iona l  T,aGora.tory, J u l y  1967. 
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of experiments performed t o  compare t h e  behavior  of  BC-727 and t h e  exper i -  

mental  charcoa l  l i s t e d  i n  Table 2.3, t h e  l a t t e r  was observed t o  be  con- 

s i d e r a b l y  l e s s  s u s c e p t i b l e  t o  loss of  r a d i o a c t i v i t y  on hea t ing .  Resu l t s  

f o r  t h e s e  and o t h e r  types  of  charcoa l  a r e  t o  be d e t a i l e d  i n  subsequent 

r e p o r t s .  

A l i m i t e d  amount of  da t a  obta ined  p rev ious ly  had i n d i c a t e d  t h a t  sub- 

j e c t i n g  impregnated cha rcoa l  t o  contil iued humid air  flow caused some re -  

duc t ion  i n  C H 3 1 3 1 1  remova,l e f f i c i e n c y .  

f u r t h e r ,  two s e p a r a t e  groups of  i od ized  charcoa l  samples ( type  MSA 85851) 

a r e  bei-ng weathered. One group i s  be ing  exposed t o  ambient a i r  from t h e  

Oak Ridge Research Reactor (ORR ) b u i l d i n g  with t h e  approximate ope ra t ing  

cond i t ions  bei.ng 20 fpm, 78"F, and 50% r e l a t i v e  humidity.  

l o c a t e d  i n  t h e  l abora to ry ,  i s  exposed t o  c l ean  h m i d i f i e d  a i r ;  approxi-  

mate ope ra t ing  condi.ti.ons a r e  40 fpm, 7gQF, and 50% r e l a t i v e  hwmidity. 

P e r i o d i c a l l y  ind i -v idua l  samples are withdravn fronl t h e  weather ing se tups  

and t e s t e d  f o r  CH3l3II r e t e n t i o n  under t h e  fo l lowing  condi t ions :  25"C, 

40 fpm, 65s r e l a t i v e  humidity, arid approximately 1- mg CH31  i n j e c t e d  pe r  

gram o f  cha rcoa l .  Resu l t s  t hus  far obta ined  a r e  suromarized i n  Table 2.4.  

I n  o rde r  t o  i n v e s t i g a t e  t h i s  p o i n t  

The o t h e r  group, 

The decreases  noted i n  Table 2.4  appear t o  r e s u l t  from t h e  f low o f  

humid a i r  r a t h e r  t han  aging, s i n c e  t e s t s  on unexposed samples o f  t h e  same 

ba tch  of  cha rcoa l  over t h e  t i m e  pe r iod  involved have not  as y e t  revea led  

a s i g n i f i c a n t  e f f e c t  due t o  aging.  While c e r t a i n  t r e n d s  a r e  i n d i c a t e d  

Table 2.4.  CH31311 Removal E f f i c i e n c y  of 
Weathered Charcoal 

CH313'1 Removal 
E f f i c i e n c y  f o r  a 

2- in .  Depth 

Exposure 

(months ) 
Time Locat ion  

(%) 

0 99.3 

3 ORR b u i l d i n g  98.4 

6 ORR b u i l d i n g  97.1 

3 Laboratory 98.9 



by t h e  r e s u l t s  i n  Table 2.4 ,  it i s  probably t o o  e a r l y  -to draw f i rm con- 

c lus ions .  

Two d i f f e r e n t  grades of  high-surface-area s i l i c a  gel. were impregnated 

wi th  3 w t  $ KI + I2 i n  a 2:1 molar r a t i o .  These agents  tended t o  evolve 

I2 on s tanding,  bu t  f r e s h  samples di.d e x h i b i t  some C H g l ' l I  removal c a p -  

b i l . i . ty  under d r y  cond i t ions .  

h1Jmidi-ty and wi th  approximately 0.3 rflg CH31 i n j e c t e d  per  gram of  j.mpreg- 

nated s i l i c a  g e l ,  CH313 ' i  removal e f f i c i e n c i e s  of approximately lO$ 'were 

observed f o r  2- in .  depths .  Under t h e  more humid condi t ions  o f  actual. 

i n t e r e s t ,  even lower e f f i c i e n c i e s  a r e  a n t i c i p a t e d .  T'nis p a r t i c u l a r  ma-  

t e r i a l  t h e r e f o r e  does not  appear t o  r ep resen t  an e f f e c t i v e  noncombustible 

t r app ing  agent .  

I n  t e s t s  a t  40 fpm and l e s s  t han  3% r e l a t i v e  

F i l t r a t i o n  of So l id  Aerosols ( R .  J .  Davis, J.  S .  G i l l ,  
J. ' l 'rui-tt,  W .  D .  Y u i l l e )  

Cont inuat ion o f  t h e  measurement of f i l t e r  e f f i - c i enc ie s  of  h igh -e f f i -  

c iency  f i l t e r  media w i t h  e l ec t r i c - a rc -gene ra t ed  s t a i n l e s s  steel-UO2 a e r o s o l  

has provided t h e  fol lowing inforrnat ion .  

A s e r i e s  o f  12 t e s t s  of one f i l t e r  paper under t h e  same condi t ions  

( i . e . ,  aerosol. i.n d ry  a i r  and a t  a l i n e a r  v e l o c i t y  of 5 fpm) was per-  

formed to demonstra,te p r e c i s i o n  of  t h e  t e s t  method. Except f o r  one low- 

e f f i c i e n c y  value,  t h e  average was 99.97$, t h e  average dev ia t ion  from t h e  

average was O.Ol$, and t h e  extreme dev ia t ion  was 0.02%. It i s  ind ica t ed  

t h a t  t h e  i r r a t i o n a l  e r r o r s  o f  t h e  method amount to 0.01% on t h e  average. 

It, was decided i n  f u t u r e  experiments t h a t  f o u r  measurements of  each con- 

di . t ion should be made t o  enable us t o  conf iden t ly  d i sca rd  occas iona l  very  

low va lues .  

A seri .es of  t e s t s  was run with each o f  f i v e  d i f f e r e n t  samples of fil- 

t e r  media (each of which i s  cl.ai.med t o  be a t  l e a s t  99.97% e f f i c i e n t  with 

DOP ae roso l  o f  pa r t i - c l e  s i .ze  0 .3  p or  g r e a t e r )  at l i n e a r  ae roso l  ve loc i -  

t i e s  of 3.5, 5, 7 . 5 ,  and. 1.0 fpn, with t h e  t e s t  a e r o s o l  i n  a water -sa tura ted  

atmosphere a t  room temperature .  A t  t h e  r a t e d  l i n e a r  v e l o c i t y  of 5 fpm, 

t h r e e  of t h e  papers were 99.97% e f f i c i en t ,  and -two were 99.92 t o  99.93% 

e ' i f ic i -ent .  F i l t e r  e f f i c i e n c i e s  were not  much a f f e c t e d  by v e l o c i t y  Y r o m  
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3.5 t o  7.5 fpm, but  e f f i c i e n c i e s  were s i g n i f i c a n t l y  decreased a,t 10 fpm, 

namely, t o  va lues  ra-nging from 99.95 t o  99.12$. 

Exploratory t e s t s  i n  which t h e  f i l t e r  medium was wetted with wxter 

r e s u l t e d  i n  very  low, bu t  erratic,  f i l t e r  e f f i c i e n c i e s .  

t h a t  t h e  p rev ious ly  noted d e l e t e r i o u s  eff 'ect  of  humidity on f i l t e r  e f -  

f j c i e n c i e s  i s  an e f f e c t  of  l i q u i d  water  on t h e  f i l t e r  medium. 

It i s  i n d i c a t e d  

A program i s  be ing  e s t a b l i s h e d  t h a t  w i l l  c h a r a c t e r i z e  a e r o s o l s  OP 

i n t e r e s t .  An experiment i s  now be ing  assembled t h a t  will enable  us t o  

s tudy  processes  such as coagula t ion ,  d i f f u s i o n ,  and s e t t l i n g  as a func t ion  

o f  tu rbulence ,  i n i t i a l  a e r o s o l  concen t r a t ion ,  and humidi ty .  

S i z e  C l a s s i f i c a t i o n  of  Submicron P a r t i c l e s  ( H .  Buchholz) 

The lower limit of  s i z e  c l a s s i f i c a t i o n  i n  t h e  cascade impactor,  a.s 

it i s  normally used, i s  p a r t i c l e s  of 0.5 p diameter .  I n  nuc lea r  s a f e t y  

research ,  smal le r  p a r t i c l e s  t h a t  remain a i rbo rne  f o r  a long  t ime a r e  i m -  

p o r t a n t .  We have considered t h e  s l i p  of  p a r t i c l e s  under reduced p res su re  

a s  8 way t o  extend t h e  lower limit of  t h e  cascade impactor dowin t o  a t  

l e a s t  0 .01  p, It wads found by c a l c u l a t i o n  t h a t  t h e  Andersen sampler,  a 

si-x-stage cascade impactor,  would be  adequate ly  e f f i c i e r i t  i n  c l a s s i f y i n g  

p a r t i c l e s  i n  t h e  range 0.01 t o  l p i f  an a i r  f low r a t e  of about 8 

J.iters/min and an i n t e r n a l  p re s su re  of about 40 im Kg wa-s maintained.  

Tlnerefore, experimental  work w a s  s t a r t e d  wi th  an Andersen sampler t o  con- 

v e r t  it t o  a low-pressure device  wi th  a ba,ckup f i l t r a t i o n  system. 

The first  v e r i f i c a t i o n  of  t h e  h igh  e f f i c i e n c y  f o r  small p a r t i c l e s  

under low p r e s s u r e  was a t t a i n e d  wi th  a C s N 0 3  a e r o s o l  tagged wi th  ''?Cs. 

F i f t y  pe rcen t  of  a i l  depos i ted  m a t e r i a l  w a s  Pound on t h e  f o u r t h  s t a g e  a t  

40 rm Hg, and only  0.05% pene t r a t ed  t o  t h e  backup f i l t e r ,  whereas a t  750 

mm Hg, 99% of  t h e  m a t e r i a l  passed through t h e  backup f i l t e r s .  

ca t ed  h igh  p e n e t r a t i o n  o f  t h e  p a r t i c l e s  under o rd ina ry  p r e s s u r e .  

This i n d i -  

Another cascade impactor ( i n  a d d i t i o n  t o  t h e  Andersen sampler ) de- 

s igned f o r  low-pressure ope ra t ions  was cons t ruc t ed  t o  provide  lower pres- 

s u r e  drops ,  g r e a t e r  ease o f  decontamination, and f a s t e r  sample pl_a.te ex- 

change. Hole driasneter and h o l e  numbers were c a l c u l a t e d  according t o  a 

desrirable i n c r e a s e  i n  D 5 0  ( p a r t i c l e  diameter of 50% depos i t i on  e f f i c i e n c y )  



by a f a c t o r  o f  3 from s t a g e  t o  s t a g e  with p a r t i c l e s  having a d e n s i t y  o f  

6 g/cm3 . 
A p a r t i c l e  genera tor  was developed t o  produce N a C l  p a r t i c l e s  from a 

n e a r l y  s a t u r a t e d  atmosphere. T'nis was accoinpiished by evaporat ing a solu-  

t i o n  of N a C l  tagged with 24Na onto qua r t z  wool t h a t  had t h e  appearance 

of  co t ton  and hea t ing  it a t  800°C with a i r  f lowing a t  400 cm/min. The 

mass concent ra t ion  of -the p a r t i c l e s  downstream from t h e  genera tor  w a s  

found t o  b e  cons tan t  wi th in  a few percent  dur ing  several. hours .  Because 

t h i s  genera tor  produced p a r t i c l e s  wi th  a cons tan t  s i z e  d i s t r i b u t i o n  and 

cons tan t  number concent ra t ion ,  t h e  e f f e c t  of  vary ing  t h e  sampler opera t ing  

condi t ions  could be r e a d i l y  de-termined. The f i r s t  t e s t s  of t h e  samplers 

us ing  t i le N a C l  p a r t i c l e  genera tor  with 2 4 N ~  t r a c e r  d i sc losed  a reasonable  

m a t e r i a l  d i s t r i b u t i o n  a,mong t h e  s t ages  and on each sample p l a t e .  

When t h e  sampler i s  used to c l a s s i f y  p a r t i c l e s  under s imcla ted  r e -  

a c t o r  acc ident  condi t ions ,  adsorbab1.e gaseous f i s s i o n  products  such as 

iod ine  may be  p re sen t ,  as we l l  as p a r t i c u l a t e  f i s s i o n  products .  

would i n t e r f e r e  wi th  t i le proper opera t ion  of t h e  sampler, s i n c e  molecular 

iodi.ne would adsorb on t h e  sample p l a t e  by a d i f f u s i o n  mechanism. For 

sampling p a r t i c u l a t e s ,  it i s  important t h a t  .the p a r t i c l e  sampler c o l l e c t  

only t h e  mat te r  s e t t l i n g  on t h e  sample p l a t e s  by impaction. Three s i j -ver  

sc reens  placed i n  t h e  gas st ream near  t h e  en t rance  of the  f irst  s t a g e  

were very  e f f i c i e n t  i n  reducing t h e  gaseous iod ine  concent ra t ion .  The 

s m p l e  p l a t e s  showed l e s s  than  0.7% o f  t h e  iod ine  a c t i v i t y  col. lected by 

t h e  screens ,  and j.n another  t e s t  with NaCI. p a r t i c l e s ,  on ly  1.5% of t h e  

p a r t i c l e  a . c t i v i t y  w a s  r e t a i n e d  by t h e  sc reens .  

This 
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2.5 SEPARATION OF NOBLE GAS FROM A I R  U S I N G  A 
PERMSELECTIVE i W m W E  

(AEC A c t i v i t y  04 60 80 01 1) 

R .  H.  Rainey 

Laboratory experiments a r e  being run t o  eva lua te  the  use of  t h i n  

( N l - m i l )  s h e e t s  of dimethyl s i l i c o n e  rubber membrane f o r  t h e  sepa ra t ion  

o f  noble gases  from a i r  i n  case of  a r e a c t o r  acc ident .  Tne pe rmeab i l i t y  

of xenon through a 1 .75-mi l - th ick  dimethyl s i l i c o n e  rubber membrane was 

measured by using mixtures  of s t a b l e  xenon and "'Xe t r a c e r  and e i t h e r  

oxygen or n i t r o g e n  ( t o t a l  xenon concentrat ion,  l ess  than  0.5%). Contrary 

t o  accepted theory,  t h e  Permeabi l i ty  o f  t h e  xenon was d i f f e r e n t  when it  

was mixed wi th  oxygen than  when it  was mixed wi th  n i t rogen .  When t h e  xenon 

w a s  mixed wi th  oxygen, t h e  xenon pe rmeab i l i t y  decreased from about 81 a t  

a p re s su re  drop of 25 p s i  t o  about 61 a t  a p re s su re  drop of 125 p s i  (F ig .  

2 . 6 ) .  

[ lo9@ (cm Hg)] . 
were 48 a t  25 p s i  and 46 a t  125 p s i  (Fig. 2.7) .  

the oxygen and n i t rogen  i n  these  experiments agreed c l o s e l y  wi-Lh p rev i -  

ous ly  determined values. 

Permeabi l i ty  Fs measured i n  ml/sec x th ickness  [cm/area (cm2)] X 

The corresponding p e r m e a b i l i t i e s  of xenon i n  n i t rogen  

The permeabili-Lies of  

Also, i n  c o n t r a s t  t o  accepted theory,  t he  pe rmeab i l i t y  of xenon de- 

c reased  wi th  an inc rease  i n  product  c u t  (flow r a t e  of gas  through the mem- 

brane versus  flow ra te  of t h e  gas  i n  the  feed  s t rean) .  

t rogen  a t  a p re s su re  drop of 25 p s i ,  the  pe rmeab i l i t y  of  the  xenon de- 

c reased  from about $2 a t  a. product  c u t  of 10% t o  40 a t  a product; c u t  o f  

70% (F ig .  2 .8) .  

75 p s i .  

For xenon i n  n i -  

Very s i m i l a r  d a t a  were obta ined  a t  a p re s su re  drop of 

The above measurements were made with a 50% product  c u t .  

A l l  p rev ious  measurements, inc luding  those  used i n  engineer ing calcu-  

l a t i o n s  f o r  an advanced wa,ter-cooled r eac to r ,  were made wi th  a. 33 t o  50% 

product  c u t .  Since t h e s e  va lues  were obtained a t  approximately the  eon- 

d i t i o n s  of t h e  conceptual  p l a n t ,  t h e  design and t h e  c o s t  c a h u l a t i o n s  o f  

the p l a n t  w i l l  no t  be a l t e r e d  s u b s t a n t i a l l y  by these  new va lues .  

If a permselec t ive  membrane i s  used t o  s epa ra t e  xenon and krypton 

from air ,  t he  s i z e  of  t h e  process  cascade w i l l  1a.rgeLy be determined by 

the  sepa ra t ion  of krypton from oxygen. We have proposed t h a t  the  oxygen 
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Fig .  2.6. Permeabi l i ty  o f  Xenon-Oxygen Mixture Through 1.75-mil- 
Thick Dimethyl S i l i c o n e  Rubber Membrane. 
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Thick Dimethyl S i l i c o n e  Rubber Membrane. 
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be removed by burning e i t h e r  hydrogen or carbon and then removing the  

water  o r  carbon dioxide products .  Af t e r  t h i s  t reatment ,  t he  argon o r i g i -  

n a l l y  p re sen t  i n  the  a i r  becomes a major f a c t o r  i n  the  sepa ra t ion .  

The permeabi l i ty  of  argon through a dimethyl s i l i c o n e  rubber mem- 

brane has  been repor ted  t o  be the  same as t h a t  f o r  oxygen; t hese  r e s u l t s  

have been confirmed i n  our  experiments.  

m e a b i l i t i e s  of a l l  t he  gases  measured decreased s l i g h t l y  with p re s su re .  

A t  a 25-psi  p re s su re  d i f f e rence  across  the  membrane and with a 50% prod- 

u c t  cut,  t he  permeabi l i ty  of both oxygen and argon were 32.2. A t  150 

p s i ,  they were 24.5 (F ig .  2.9).  The permeabi l i ty  o f  n i t rogen  w a s  i n  

agreement with previous measurements: 

A s  p rev ious ly  reported,  t he  per -  

14 .8  a t  25 p s i  and 11,3 a t  150 p s i .  

The th ickness  o f  t he  s i l i c o n e  rubber membrane used i n  these  exper i -  

ments w a s  measured wi th  a rnicroscope t o  be 1.75 m i l s ,  i n  agreement wrth 

the  value repor ted  by GE. A shee t  of  t he  membrane t h a t  was 2.13 mils 

t h i c k  expanded t o  2.84 m i l s  and became brown a f t e r  being exposed Lo a i r  

s a t u r a t e d  wi th  methyl iod ide  f o r  about a month but d i d  not  appear. t o  be 

otherwise changed. 
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2.6 ANTISEISMIC DESIGIt OF NUCLEAR FAClLITlES 

(AEC Activity 04 60 80 01 1) 

R .  N .  Lyon 

ORNZ has  been assigned t h e  r e s p o n s i b i l i t y  of  a coord ina t ing  group 

t o  assist the  Commission i n  the p lanning  and execut ion  of a program lead- 

ing  t o  t h e  development and model t e s t i n g  of an t i s e i smic  design f o r  nuc lea r  

f a c i l i t i e s .  The i n i t i a l  approach i s  t o  employ a number o f  a r c h i t e c t u r a l  

f i r m s  t o  a t tempt  t o  develop a b a s i s  f o r  a se i smic  design technology. The 

purpose of  t hese  s t u d i e s  w i l l  be t o  e s t ima te  the  a b i l i t y  o f  c u r r e n t  reac-  

t o r  designs t o  accommodate d i f f e r e n t i a l  ground displacement and t o  make a 

p re l imina ry  s tudy  of  t h e  p r a e t i c a l  degree t o  which c u r r e n t  designs can be 

modified wi th  cu r ren t  engineer ing  p r a c t i c e  t o  accommodate more ex tens ive  

ground d isp lacenent  . 
A s  o f  September 1, 1967, subcont rac ts  w i l l  be i n  e f f e c t  w i t h  four  

engineer ing  concerns t o  s tudy  fou r  concepts  f o r  prevent ing  r e a c t o r  s a f e t y  

system f a i l u r e s  due t o  ground shaking o r  d i f f e r e n t i a l  ground displacement 

a t  a r e a c t o r  s i t e .  The c o n t r a c t  wi th  Holmes and Narver has  been i n  e f -  

f e c t  f o r  three months and i s  aimed a t  determining t h e  c o s t  o f  engineered 

s u b s t r a t e s  between t h e  r e a c t o r  system foundat ions and t h e  ground and t h e  

b e n e f i t s  and l i m i t a t i o n s  of  using such s u b s t r a t e s .  I n  t h e  f irst  two 

months, studies were made of  two hypo the t i ca l  sands of  d i f f e r i n g  d e n s i t y  

and i n t e r n a l  f r i c t i o n .  The width of suppor t ing  sand bands due t o  v e r t i c a l  

f a u l t i n g  w a s  es t imated  f o r  t h e  two sands f o r  two f a u l t  l oca t ions ,  one a t  

the edge o f  t h e  14.0-ft-diam containment base and one along t h e  diameter .  

It appears  f e a s i b l e  t o  s t r eng then  containment v e s s e l s  t o  r e s i s t  up t o  Q-f t  

v e r t i c a l  d i f f e r e n t i a l  displacement. An empi r i ca l  formula obtained by Row 

and Parker  (Geotechnicpe, 1965) w a s  used t o  approximate t h e  l o a d  on a cy- 

l i n d r i c a l  w a l l  f o r  t he  case of a medium dense sand. P resen t  Indian  Poin t  

I1 containment w a l l s  appear  t o  be capable of withstanding a 6 - i n .  horizon- 

t a l  displacement w i t h  t h e  a d d i t i o n  of s t e e l  t o  res i s t  bo th  mer id iona l  and 

hoop out-of-plane s t r e s s .  

Kaiser Engineers plans t o  i n v e s t i g a t e  the  p r a c t i c a l  l i m i t s  i n  un i t -  

i z i n g  and s t rengthening  r e a c t o r  systems t o  resist f a u l t i n g  and shaking. 
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Daniel,  Mann, J-ohnson, and Mendenhall a r e  s tudying the  cos t  o f  suppor’c- 

ing  the e n t i r e  p l a n t  i n  water  t o  take  care  o f  tsunamis, se iches ,  and 

o t h e r  rrrave problems. One h u l l  concept involves  a i r  cus?ions t o  mini- 

mi.ze t ransmiss ion  of  p re s su re  waves ( seaquakes) .  A major anchoring prob-  

lem r e s u l t s  from the  p o s s i b i l i t y  o f  a l a r g e  f a u l t  under t h e  h u l l  t h a t  

would cause r ap id  water  flow. Another problem i s  the  l a r g e  displacement 

of  t he  h u l l .  E i t h e r  a very broad h u l l  would be requi red  o r  a d r a f t  o f  

more than  the  30-ft depth s p e c i f i e d  f o r  t h e  o f f shore  case.  

Burns and Roe a r e  devdop ing  the  concept of pa i - t i a l  o r  t o t a l  sup- 

port o f  the r e a c t o r  conta.inrnent in a s l u r r y  o r  suspension.  They have 

discussed the  problem with dr i l l ing-mud manufacturers and wi th  o t h e r  ex- 

p e r t s  on slurries and non-Newtonian f l u i d s .  The problem of m.aintaining 

the  des i r ed  homogeneity, concentrat ion,  and p h y s i c a l  p r o p e r t i e s  may be 

more d i f f i c u l t  than t h a t  o f  ob ta in ing  them i n i t i a l l y .  A mud w i t h  a fi- 

n i t e  y i e l d  s t r e n g t h  w i l l  have l i m i t e d  leakage and u l t i m a t e l y  a z,ero l e a k  

r a t e  a t  s teady  s t ake  out  of  t he  c racks  formed by faulting, provided the  

crack width i s  not  more than  two times the  y i e l d  s t r e s s  d iv ided  by den- 

s i t y .  Fibers ,  chopped plas-Lic sheet ,  and o the r  C O E Y S ~  pluggjbg p a r t i c l e s  

a r e  o f t e n  added t o  d r i l l i n g  muds t o  f u r t h e r  reduce t h e  pene t r a t ion  cf the  

muds i n t o  c r a c k s .  
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3 .  LOFT SUPPORT WORK 
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3.1 LOFT ASSISTANCE I N  OUT-OF-PILE 

( A E C  A c t i v i t y  04 60 

G. W. Parker  w.  

EZPEL MELTING EXPERIMENTS 

50 05 .l> 

J. Mart in  

The scope of t h e  ORNL support  program f o r  LOFT i s  being a l t e r e d  t o  

ref lect  the  r e c e n t  change i n  LOFT o b j e c t i v e s .  The major f i ss ion-product  

r e l e a s e  mechanism app l i cab le  t o  t h e  new LOFT blowdown model i s  expected 

t o  be t h e  prompt r e l e a s e  of  cladding-gap a c t i v i t y  with cladding f a i l u r e  

fol lowing depres su r i za t ion .  The r e l e a s e  p rocess  should then  be i n t e r -  

rup ted  by t h e  i n j e c t i o n  o f  emergency core cool ing water, which w i l l  gen- 

erate  sinf  f i c i e n t  steam t o  provide the major method of  f i s s ion -p roduc t  

t r a n s p o r t  through the  p re s su re  v e s s e l .  Deposi t ion of f i s s i o n  products  

from t h e  steam, i n  addjltion t o  the washout from t h e  spray, will. reduce 

the  rei-ease t o  t h e  containment. These phenomena the re fo re  become area,s 

o f  inves t i .ga t ion .  

The main o b j e c t i v e s  of  t h e  r e o r i e n t e d  ORN, TJOFT a s s i s t a n c e  program 

i n  f i ss ion-"product  behaxior  i n  support  o f  t h e  Emergency Core Coolant 

Systems Test a r e  (1) t o  determine i n  p i l o t - p l a n t  s c a l e  t h e  e f f e c t  o f  

i n j e c t i o n  o f  t h e  emergency core coolan t  on the  f i s s ion -p roduc t  r e l e a s e  

and t r a n s p o r t  from f u e l  rods  w i t h  f a i l e d  cladding;  ( 2 )  t o  study, w i t h  

i-rradiated capsules ,  t h e  parameters  t h a t  c o n t r o l  t he  r e l e a s e  o f  v o l a t i l e  

f i s s i o n  products  from the  f a i l ed  cladding and t o  determine on a l a r g e r  

s c a l e  ( i n  t he  Containment Research Ins t a l - l a t ion ,  C R I )  t h e  degree of r e -  

t e n t i o n  o f  r e l e a s e d  gas  a c t i v i t y  i n  t h e  primary v e s s e l ;  (3 )  t o  i n v e s t i -  

ga-Le the  e f f e c t  of burnup on f u e l  r e l e a s e  t o  provide h e l p f u l  information 

f o r  t h e  e x t r a p o l a t i o n  o f  r e l e a s e  r e s u l t s  obtained i n  LOFT from f u e l  with 

low burnup t o  prompt r e l e a s e s  from fuel. wi th  burnups t y p i c a l  of f u l l -  

s c a l e  power r e a c t o r s ;  ( 4 )  Lo de.termine rate and degree of depos i t i on  and 

r e t e n t i o n  o f  r ad io iod ine  on s t a i n l e s s  s t e e l  and pa in t ed  su r faces  and t o  

c h a r a c t e r i z e  t h e  time-dependent chemical forms o f  rad io iodine  i n  typical .  

T.,OFT-type environments; arid (5) t o  eva lua te  on t h e  C R I  s c a l e  s e v e r a l  LOFT- 

engineered safeguard devices .  

For t h i s  inves t iga t ion ,  we propose t o  i n s e r t  an i r radiated U02 

Zi rca loy-c lad  f u e l  rod i n t o  a c e n t e r  p o s i t i o n  i n  the r e a c t o r  core 



s imula tor  assembly. 

temperature" aild f i n a l l y  ruptured  r a p i d l y  on a s t eep  increase  of input 

power. Coolant sprays w i l l  be a c t i v a t e d  imrnediately on cladding f a i l u r e  

and t h e  hea t  w i l l  be removed by steam formation on the  hot  rod a-nd core 

p a r t s .  Scoping t e s t s  of  t he  above na ture  would s u f f i c e  t o  g ive  e a r l y  in-  

formation on e f f e c t s  such as (1) f r a c t i o n a l  r e l e a s e  from a LOFT f u e l  rod, 

( 2 )  reduct ion  i n  t he  primary vesse l ,  (3) behavior of t h e  r e s u l t i n g  ae roso l  

i n  t h e  containment system, and ( 4 )  comparative behavior  wi th  d i f f e r e n t  

containment su r faces .  

The rod w i l l  tlien be heated t o  a t y p i c a l  " l eve l ing  

Comparative Behavior of  Fiss ion-Product  Aerosols i n  a S t a i n l e s s  
S t e e l  Containment Vessel  Versus a Coated-Surface Containment Vessel 

I n t e r p r e t a t i o n  o f  the s i g n i f i c a n c e  of a change i n  the  LOFT! design 

t o  include a s t a i n l e s s  s t e e l - l i n e d  containment v e s s e l  i n s t ead  of t he  

t y p i c a l  r e a c t o r  coa~t ing  cou.ld. be a major b e n e f i t  of t he  C R I  program. 

The C R I  i s  e s p e c i a l l y  designed foi- conducting p a r a l l e l  s t u d i e s  wi th  l i n e r s  

of  d i f f e r e n t  ma te r i a l s  'to determine depos i t i on  behavior  on s t a i n l e s s  

s t e e l ,  carbon s t e e l ,  concrete ,  and pa in t ed  su r faces .  Thus, i t  is l i k e l y  

that  complete confidence could be developed i n  pi-edict ing the  d i f fe rence  

i n  ae roso l  behavior  t h a t  would be encountered i f  LOE'T should l a ' i e r  i n s t a l l  

a s p e c i a l  coa t ing  over t he  s t a i n l e s s  s t e e l  l i n e r .  

The C R I  w a s  b u i l t  on. a LOFT' Ass is tance  Program. t o  meet t h e  need f o r  

a l a r g e r  and more v e r s a t i l e  f a c i l i t y  for s tudy  of the behavior  of  r e l eased  

f i  s s ion  products  under LOFT cond i t ions .  The C H I  a l s o  provides  the  capa- 

b i l i t y  of  eva lua t ing  the  performance of engineered safeguards wi th  r e a l i s -  

i i c  f i s s ion-product  ae roso l s .  The C H I  i n t e r n a l  recyc le  f i l t e r  system per-  

m i t s  real.i.st2.c t e s t i n g  of f i l t e r s  and iodine t rapping  systems. Provis ion  

i s  also made f o r  the  eval.iiatfon of pressure- reduct ion  chemical sprays f o r  

t . i e  removal of var ious  forms of  r ad io iod ine .  The r e a d i l y  removable l i n e r s  

i.17 the  CRI containment v e s s e l  permi t  a d i r e c t  comparison of  the  contain-  

ment - s u r f  ace environmental  e f f e c t  on f i s s ion  product  s between s t a i n l e s s  

s t e e l  and t y p i c a l  coated su r faces .  This comparison should be e s p e c i a l l y  

important t o  t h e  new LOFT program. 
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Fiss ion-Product  Release a t  LOET Conditions - 
Parametr ic  s tudi-es  of r e l e a s e  by d i f f u s i o n  shou.ld. be performed i n  

a serFes of  carefi~1.i.y- c o n t r o l l e d  experiments wi th  Lhe grades of  UO? j.n 

use i n  power r e a c t o r s  over t h e  fue l -dens i ty  range of 93 to 95% of theo- 

r e t i c a l .  The e f f e c t  of burnups up t o  20,000 M d / T  should a l s o  be inves-  

t i g a t e d .  The i n i t i a l  experi-rnents w i l l  be conducted a t  low burnups typi- 

c a l  of  LOFT, and l a t e r  t he  burnups studi.ed w i l l .  be extended. t o  cover the 

presen t  range of  water  r e a c t o r  p r a c t i c e .  

Tne b a s i c  experiments needed t o  add understanding and i n t e r p r e t a t i o n  

t o  the  mass of i n c o n s i s t e n t  UOz-fission protluct d i - f fus ion  r e l e a s e  da t a  

should inc lude  paramet r ic  s t u d i e s  of 

1. t h e  e f f e c t  of U02 densi-Ly (9.3, 94, and 95% of  theo re t i ca l - ) ,  

2 ,  

3. 

4.  t he  equi-valent re]-ease ?-ate ( n o t  d i f f i i s ion )  a t  g r a i n  growth 

the  e f f e c t  of burnup t o  50,000 Mwd on average-dens i ty  UOz (9’?L$), 

t h e  e f f e c t  o f  hea t  r a t i n g s  t o  about  25 kw/ft, 

temperatures  up t o  2’700°C. 

The proposed d i f f u s i o n  exper inents  a r e  app l i cab le  t o  the  general 

Nuclear Sa fe ty  Program. Spec i f ica l - ly ,  however, the tal-cul a t i o n  of c l a d -  

ding-gap ac t iv i - ty ,  which i s  fundamental t o  LOFT, i s  so dependent u ~ o n  

d i f f u s i o n  release va lues  that a consisteiiC s e r i e s  of we l l - cha rac t e r i zed  

b a s i c  measurement,s is  required before  any l e v e l  of confidence can be ex- 

pec ted  in a proposed model. for. gap a c t i v i t y  e s t ima t ion .  

We propose t o  extend the  paramet r ic  d i f f u s i o n  rel.ease sti.~.di.es to 

inc lude  t h e  grai.n-growth region i n  o r d e r  Lo determine a r e l e a s e  r a t e  f o r  

bot’n regimes (equiaxial .  and col.umnar) equ iva len t  t o  the  d i f f l i s ion  pa-  

rameter. 

C1 adding Tn ie rac i ion  and Retent ion i n  Ruptured Euel P ins  

The study of  c ladding i n t e r a c t i o n  and r e t e n t i o n  of  f i s s i o n  products  

i s  intended t o  fo l low up the  prompt r e l e a s e  t e s t  of over ra ted  f u e l  cap- 

sules ( s e e  S e c t .  1 . 2  o f  t h i s  r e p o r t ) .  The d i f f e rence  j n  the  two s e r i e s  

i s  mainly t h a t  i n  the promp1, r e l e a s e  progyarn the  e f f e c t  of  t h e  heal, r a t -  

ing of  the  fue l  w i l l  be s y s t e m a t i c a l l y  s tud ied ,  whereas i n  this sei-jes, 

scoping t e s t s  w i l l  be conducted of a number o€ parameters ,  inc luding  th? 
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burnup l e v e l ,  t he  r eac t ion  of' f i s s i o n  products  w i t h  t he  cladding, the re- 

s u l t  of i n t e r r e a c t i o n  of  fuel w i t h  c ladding oxides,  and the  e f f e c t  o f  t h e  

interaction on f i ss ion-product  r e l e a s e  and t r a n s p o r t .  



5 '1 

3 2 CHARACTERIZATION 

(mc 

R. E. 
R. L. 

OF FISSION PRODUCTS UNDER LOFT CON'DTTTONS 

Act iv i ty  04 60 50 05 1) 

Adams Ruth S lusher  
Bennett  W& H. Hinds 

Iodine-sampling devtces are be ing  developed and t e s t e d  f o r  use i n  

t h e  environments expected i n  t h e  LOFT experiments.  A major problem i n  

t h e  development of  a LOFT May-pack sampler s u i t a b l e  f o r  t h e  sepa ra t ion  

of  p a r t i c u l a t e  iod ine ,  e lementa l  iod ine  and organic  iod ides  has  been 

t h e  d i f f i c u l t y  i n  d e f i n i n g  t h e  proper  sequence of  m a t e r i a l s  t h a t  w i l l  

r eproducib ly  s e p a r a t e  the p a r t i c u l a t e  i od ine  from elemental  i od ine  When 

h igh -e f f i c i ency  f i I . t e r s  were used i.n t h e  i n i t i a l .  s e c t i o n  t o  remove pa r -  

t i c l e s  and p a r t i c u l a t e  i-odine, s i g n i r i c a n t  quan t i - t i e s  of  elemental. i o -  

d ine  were a l s o  r e t a i n e d  by t h e s e  m z t e r i a l s  ., The r eve r se  arragernent ,  i n  

which t h e  s i l v e r  sc reens  ( f o r  e lemental  iod ine  r e t e n t i o n )  xe re  p laced  

be fo re  the high-e:?f i c i e n c y  f i l t e r s ,  r e s u l t e d  i n  high r e t en t to r i  of p a r -  

t i c l e s  a long wzri.th t h e  d e s i r e d  elemerital i od ine  renioval. 

May-Pack Sampler wi.th I n i t i a l  Honeycomb Sec t ion  

Recent t e s t s  w i th  s i l v e r - p l a t e d  aluminum honeyeordo s e c t i o n s  as an 

aerosol-elemental  i od ine  s e p a r a t o r  have shown promi.se . A s  t h e  i-odine 

passes  throu.,gh t h e  channels  of t h e  honeycomb i t  i s  removed as a conse- 

quence o f  i t s  largel-  d i f f u s i v i t y ,  while  t h e  l a r g e r  a e r o s o l  p a r t i c l e s ,  

w i th  inuch smaller di:i"r?usion c o e f f i c i e n t s ,  pass  through. Previous t e s t s  

showed t h a t  99.7% of t h e  e lementa l  iod ine  in t roduced  was removed by a 

S-cin le i lgth of  s i l v e r e d  honeycomb at 90°C and 90$ r e l a t i v e  humidity.  

2 *3$ o f  a r a d i o a c t i v e  a e r o s o l  generated by arc-melti-ng an imad ia t ed .  s t a i n -  

l e s s  s t e e l  tube  wit,h a [TO;! i -n se r t  was removed by the  honeycomb s e c t i o n  

Yrom a 15% r e l a t i v e  humidity a i r  stream. 

l"acil.i.ty were cofiipleted a t  h ighe r  h i m i d i t i e s  a.nd t h e  r e s u l t s ,  -to da te ,  

l i s t e d  ?..n Table 3.1, confirm t h e  f avorab le  low col lec t i -on  017 the aerosol 

p a r t i c l e s .  

Onl-y 

Addi t iona l  t e s t s  i n  t h e  a.el-osol 

Because t h e  s i l v e r  honeycomb p r e s e n t s  a l a r g e r  su r face  a r e a  to oietliyl 

i od ide  than  the p rev ious ly  t e s t e d  s i l v e r  sc reens  ( f o r  iodi.ne removaJ), a 

t e s t  was conducted t o  determine t h e  adsorp t ion  charac tex- i s t ies  of  t'ne 
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Table 3.1. Retent ion of  Aerosol 
on Honeycomb a t  High Humidity 

Temperature: 25°C 
Flow r a t e :  1 l i t e r / m i n  

Rela t ive  Retention on 
Ilumidi t y  Honeycomb 

Test  

($1 ( k )  NO * 

HC 1 15 

?IC 2 91 

HC 3 95 

2.30 

0.71 

0.73 

i od ide  on t h e  honeycomb. The r e s u l t s  from dup l i ca t e  c h a r a c t e r i z a t i o n  

packs a r e  summarized i n  Table 3 .2 .  Although t h e  r e t e n t i o n  i s  g r e a t e r  on 

t h e  honeycomb than  w a s  observed on t h e  e i g h t  s i l v e r  sc reens  (about  0.05:L) 

it i s  s t i l l  s a t i s f a c t o r i l y  small. 

Formation oE Organic Iodides  

The s tudy of  t h e  formation of vo l -a t i le  organic  iod ides  by the  reac-  

t i o n  of el-emental iod ine  wi th  t h e  si-x-coat Amercoat 66 p a i n t  system (com- 

monl-y used f o r  coa t ing  s t e e l  s u r f a c e s )  was continued. 

s i . s t s  o f  one coa t  o r  Arnercoat 64 primer,  t h r e e  coa t s  of  kfiercoat 66 epoxy, 

and two coaLs of  Amercoat 66 s e a l  g los s .  The r e a c t i o n  was  i n v e s t i g a t e d  

by painLing I.. 2 - l i t e r  s t a h l e s s  s t e e l  v e s s e l s  wi th  t h e  s ix -coa t  systein, 

adding varying a,mounts of  elemental- i od ine  (suppor-Led i n  g l a s s  tubes i n  

t h e  c e n t e r  of t h e  v e s s e l ) ,  and hea t ing  t h e  sea l ed  v e s s e l  a t  100"Ce 

samples T;,Tere taken from the v e s s e l  and analyzed by gas chromatography with 

dua l  detectiLon u n i t s  ( e l e c t r o n  capture  and fla.me i -oniza t ion)  a 

The coa t ing  con- 

Vapor 

Resul ts  of  t e s t s  a t  t h r e e  iod ine  l.oad.ings a r e  given i n  Table 3.3. 

'The amount of rnethyl i od ide  d e t e c t i o n  i n  t h e  vapor a t  t h e  e a r l i e r  sam- 

p l i n g  t imes was e s s e n t i a l l y  independen-t of t h e  ar~iounL of iod ine  introduced.  

The methyl iod ide  vapor concent ra t ion  decreased x i t h  time and w a s  b a r e l y  

de t ec t ab le  a f t e r  51  hi- of e ,qosure.  

t i o n  of t h e  iod ide  by t h e  e l eva ted  temperature o r  i t s  so rp t ion  by t h e  

p a i n t  coa t ing .  

This rnay have been due t o  decorposi.- 

A decrease i n  concent ra t ion  of ethyl.  i od ide  w i t h  time w a s  



Table 3.2. Retent ion of Methyl Iodide  on Charac- 
t e r i z a t i o n  Packs with  S i  I.ver Honeycomb 

Rela t i  ve h u i i d i  tg  : 90% 

-- l_-l 

Retent ion ($) 
-1__1 Pack 

No. High-Efficiency 
Hone yc omb Charre oal Fil tFrs 

V-MP1 0.92 @a04 5'9 $01 

V-MP2 1-34 0.05 96.62 

T a b l e  3.3. F o m a t i o n  o f  Alkyl Halides by Reac- 
t i o n  of 1 2  wi th  L4r~iercoa-t 66 P a i n t  System 

28.4- 
28.4 
28.4 
10.7 
10.7 
10.7 
1.4 
1.4 
l .4  

26 
51  

120 
4 

5 1  
J-20 

4- 
51 
1.20 

a 

p e r  1200 m l )  ror t h i s  e q e r i r i e n t .  
Below d-etect3.o.n l.imit (about  2 X 1.0-' aig 

a l s o  noted.  P rev ious ly  t h e  ex i s t ence  of h ighe r  7-odides i n  t h e  hornol.ogous 

s e r i e s  was r epor t ed  i n  metal. systems p a i n t e d  v i t h  e i t h 9 r  the Amereoat 

pr imer ,  t h e  epow-, o s  t h e  s e a l  gl.oss. l-lowever, i n  t h e  sj-x-coat p a i n t  sys -  

tem 'che organic m a t e r i a l s  r e l e a s e d  t o  t h e  t e s t  atmosphere produced so coni-. 

p l ex  a chuormtogram t h a t  on ly  methyl and. ethyl i.od.id.e we:ce c l e a r l y  c1j-s- 

t b g u i  s liable a 

propyl  and. b u t y l ,  were p r e s e n t  b u t  ind . i  st inguishable i n  the gi;a;.,eous mi.xture. 

Undoubtedly the high-molecular -weight i o d . i  de s , :.uc In its 
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4.  DIVISION OF PRODIJCTION 
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4.1  I G N I T I O N  OF CHARCOAL ADSORBERS I N  RFACTOR ACCIDENTS 

(AEC A c t i v i t y  02 30 02 90) 

R .  E .  Adam R .  P. Sh ie lds  

The e f f e c t s  of fissi.or?. p roducts  on t h e  i .gnit ion tempemkure of  char- 

coal. ad.sorbers a r e  being tneasured. A l l  component p a r t s  f o r  the t h i r d  in-  

p i l e  cha rcoa l  i g n i t i o n  experiment descri'oed i n  t h e  prev ious  r e p o r t  were 

assembled and t e s t e d  and a r e  now being incorpora ted  i n t o  t h e  r e a c t o r  u n i t .  

This  experimental  u n i t  w i l l  have two charcoa l  a.dsorbers ( conta in ing  MSA 

85851, an iod ized  cha rcoa l ) :  

t h e  charcoa l  while  f i s s i o n  products  a r e  pas s ing  i n t o  it, as i n  prev ious  

experirnents, and the second wi . tb  va-cuum-insulated walls -to prevent  h z a t  

l o s s .  Tlne i n s u l a t e d  adsorber  i s  included f o r  t he  purpose o f  measuri ig  

LYE h e a t  gene ra t ion  i n  charcoa l  by adsorbed f i s s i o n  products  and, follow- 

ing  t h e  experiment, t o  produce information regard ing  the  f i ss ion-product  

d i s t r i b u t i o n  throughout t he  charcoal!. adsorber .  Laboratory equipment f o r  

measuring t h e  thermal. conduc t iv i ty  of t h e  cu r ren t  a c t i v a t e d  charcoa ls  i s  

Jit?aring colT$llet?Gii. 

one i n  whPch h e a t  w i l l  he appl ied  t o  i g n i t e  

J. 1 

The r e s u l t s  of  a s tudy  t h a t  re la tes  the  . ign i t ion  temperature  t o  sw- 
1 e r a l  parameters  were pu.blislied. 

Charcoa-l i g n i t i o n  temperature  is d e s c r i p t i v e l y  def ined  as t h e  t e m -  

p e r a t u r e  above which ox ida t ion  i s  s e l f - s u s t a i n i n g .  I g n i t i o n  -t;emperat,mrc? 

can be q u i t e  p r e c i s e l y  measured and reproduced. I n  o u r  study, ignitrion 

teixperature i s  de f ined  i n  terms of 3 simple t h e o r e t i c a l  model. The :re- 

s u l t  i s  a working equat ion  t h a t  r e l a t e s  i g n i t i o n  temperatures  t o  s e v e r a l  

param-eters. 

i n h i b i t o r s ,  and su r face  area), oxygen a c t i v i t y  ( a i r  ve loc i ty ,  oxygen con- 

c e n t r a t i o n ) ,  t he  s to ich iometry  of t he  cliemical r eac t ion ,  and. t he  ac t iva -  

t i o n  energy of  t h e  ra te -de termining  s t e p  o f  t h e  mechanism. E f f e c t s  of 

surrace area,  a s h  content ,  and a i r  v e l o c i t y  were c o r r e l a t e d  wi th  the wo:rk- 

i ng  equati-on a s  tile basis. 

These inc lude  t h e  cha rzoa l  a c t i v i t y  ( t h e  e f f ec - t  o f  promoters, 

"R. J .  Davis, The S ign i f i cance  o f  Charcoal I g n i t i o n  Temperatures, 
USAEC Report ONlL-4129, Oak Ridge Nat iona l  Laboratory,  J u l y  1967. 
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5.1 STEAM-CARBON FC3ACTION AND FISSION-PRODUCT 
RELEASE AND TRANSPORT STUDIES 

( A E C  A c t i v i t y  04 60 10 01 1) 

J. E.  Baker G .  M. Hebert  
C .  M.  Blood L .  G .  Overholser 

The steam-carbon rea@ti.on and the  f i s s ion -p roduc t  r e l e a s e  and. t r a n s -  

p o r t  t h a t  would occur due t o  a c c i d e n t a l  i n t roduc t ion  of  steam i n t o  the  

core  reg ions  of  HTGR systems a r e  being examined concurren t ly  i n  small- 

s c a l e  l a b o r a t o r y  f a c i l i t i e s .  Two high-temperature  furnaces  with a u x i l i a r y  

equipment a r e  being employed i n  these  s t u d i e s  - one f o r  the steam-gra-phite 

react i -on and the  o t h e r  f o r  the r e a c t i o n  of  pyrolyt ic-carbon-coated f u e l  

p a r t i c l e s  wi th  water  vapor.  

Oxtdat ion s t u d i e s  of f u e l  segments conta in ing  bonded coated f u e l  pa.r- 

t l i c l e s  encased i n  g r a p h i t e  were continued i n  t h e  temperature range of  1000 

t o  1200°C wi th  steam-helium mixtures havi-ng a p a r t i a l  p re s su re  of  approxi- 

mately 150 t o r r .  The s imulated f u e l  segment c o n s i s t s  of a g raph i t e  con- 

t a i n e r  0.75 i n .  i n  diameter  and 1 i n .  long t h a t  enc loses  a bonded bed of  

coated fuel. p a r t i c l e s  0.45 i n .  i n  diameter and 0.65 i n .  long. I n  p rev i -  

ous s tud ie s , '  f u e l  segments were oxid ized  a . t  1000, 1100, and 1200°C i n  a 

p a r t i a l  p re s su re  o f  steam of  approximately 20 t o r r .  More r e c e n t l y  A f u e l  

segment was oxidized a t  1100°C f o r  1 h r  i n  a p a r t i a l  p re s su re  of  steam of  

150 t o r r .  T'nis r e s u l t e d  i n  a burnoff  of  5.5 w t  $. Reaction o f  the  steam 

occurred p r i m a r i l y  i n  t h e  g raph i t e  container ,  and sec t ton ing  of t h e  f u e l  

segment showed no v i s i b l e  evi-dence of a t t a c k  of  t he  r e s i d u a l  b inde r  mate- 

r i a l ,  f i l l e r ,  o r  the  pyro ly t ic -carbon coa t ings  o f  t he  f u e l  par t r ic les .  A 

comparison o f  t he  r e a c t i o n  r a t e s  ob ta ined  a t  t h i s  p a r t i a l  p re s su re  OS 

steam with those  found e a r l i e r '  when using a p a r t i a l  p re s su re  o f  steam 

of  approximately 20 t o r r  i n d i c a t e s  t h a t  t he  apparent  o r d e r  o f  t h e  reac-  

t i o n  wi th  i-espect t o  steam p res su re  i s  l e s s  than  u n i t y  and probably i s  

about 0 .6  i n  t h i s  range of  p a r t i a l  p re s su res .  

'5. E .  Baker e t  a l . ,  ORNL Nuclear Sa fe ty  Research and Development 
Program Bimonthly Report f o r  May-June 196'7, USAEC Kepor t OHNL-TM-1913, 
p .  38, Oak Ridge Nat iona l  Laboratory,  J u l y  1967. 
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Hollow cy l inde r s  of EGCR moderator graphi te ,  which had been ihpreg- 

na ted  with barium and h e a t  t r e a t e d  a t  1400°C i n  dry helium, were r eac t ed  

with steam at 1200 and 1400°C i n  a p a r t i a l  p ressure  o f  steam of  approxi- 

mately 20 t o r r .  A s  expected, t he  steam-graphite r eac t ion  was ca ta lyzed  

by bariurn. Examination of t h e  tube conta in ing  the  g raph i t e  specimen and 

o f  t he  depos i t ion  tube proper  f o r  13”Ba showed t h a t  some barium had m i -  

g r a t ed  from the  g raph i t e  t o  the  ho lde r .  There was no evtdence, however, 

t h a t  barium had migrated downstream i n t o  -the depos i t ion  tube during the  

1-hr  e x p s u r e  t o  water vapor a t  e i t h e r  1200 o r  1400°C. 

Stu-dies o f  t h e  oxidati.on of pyrolyt ic-carbon-coated f u e l  p a r t i c l e s  

wei-e continued a t  1100 and 1.20O”C with helium-water vapor mixtures con- 

t a i n i n g  250 t o  1000 p a r t s  p e r  mi l l i on  by volume of water vapor .  These 

s t u d i e s  are t o  be concluded shor.i;l.y, and ox ida t ion  stud?-es o f  bonded 

coated f u e l  p a r t i c l e s  w i l l  be s t a r t e d  f o r  which the  same equipmen-t and 

s i m i l a r  experimental  techniques w i l l  be used. 
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5.2 1N-PII;E STUDIES OF HEACTIONS OF FUELED GRAPHITE 
WITH STEAM UNDER HTGR ACCIDENT CONDITIONS 

(A2312 Activj-ty 04 60 10 01 1) 

S. H. F r e i d  €3. F. Roberts 

Data r educ t ion  and eva lua t ion  cont inued on t h e  r e s u l t s  ob ta ined  from 

t h e  f i r s t  i n - p i l e  experiment w i th  an HTGR-type f u e l  element supp l i ed  by 

General Atomic, a s  descr ibed  i n  t h e  last r epor t . '  

of experiment and c o n s i s t e d  of pas s ing  a moist  ( 2  mole $ H20) helium gas 

st ream over  t h e  g r a p h i t e  f u e l  p i ece  i n t e r m i t t e n t l y  f o r  52.5 hr. The SUT- 

f ace  temperature  of t h e  g r a p h i t e  was 1050°C dur ing  most of t h e  experiment. 

This w a s  a survey type  

Although a 1ai.g-e number of  f i e 1  spheres  had broken c m t i n g s  o r  were 

unclad, t h e  f i s s ion -p roduc t  r e l e a s e  was not  large. Table 5.1 l i s t s  t h e  

percentages  found of' s e v e r a l  i s o t o p e s .  

The Tn02 s e c t i o n  con ta ins  t h e  f u e l  p i ece ,  t h e  Zr02 s e c t i o n  surrounds 

t h e  Tho2 pieces, and the hot w a l l  i n s u l a t e s  t h e  ceramics (?- .e . ,  Ti207 and 

7 x 0 2 )  from t h e  primary containment. These components a r e  l o c a t e d  i n  t h e  

furnace  a r e a  of t h e  experimental  asseiibly. 

'C. E .  M i l l e r ,  Jr., S.  H. Freid,  and €3. F. Roberts, ORNL Nuclear 
Sa fe ty  Resea-rch and Development Program Bimonthly Report for May-June 1967? 
USfU3C Report ORNL-TM-1913, p. 46, Oak Ridge Nat iona l  Laboratory, J u l y  1967. 

Table 5.1. Fission Product Hetention in  In-Pile Experiment with an 
HTGR-Type Fuel Element 

Fission Product Retention ($) 
Im. Zr 95 cs 157 

81.9 92.0 S . 6  75.8 Fuel 

Tho2 sections 5 -7 7.3 3 * O  10.5 

6.6 0.5 003 4.7 

1.5 0.1 0.1 0.5 

4.3 0.1 0 .o 0.5 

Zr02 sect ions 

Hot wall 

Released from high 
temperature zone 
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A second experimental  assembly of  t h i s  s e r i e s  was i n s t a l l e d  i n  t h e  

ORR r e a c t o r  t o  b u i l d  up an inventory of f i s s i o n  products .  The condi t ions  

t e n t a t i v e l y  s e t  for t h e  experiment are exposure t o  20 mole $ H 2 0  vapor 

i n  t h e  helium stream f o r  1 h r  wi th  a su r face  temperature of  t h e  g r a p h i t e  

of 1050°C. 
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5.3 ENGINEXRING-SCALE STEAM-GRAPHITE REACTION RATE EXPERIMENT! 

(AEC A c t i v i t y  04 60 1 0  01 1) 

T .  S .  Kress F.  H.  N e i l 1  
E .  R .  Taylor 

An engineer ing-sca le  s team-graphi te  rea,ction r a t e  experimental  f a -  

c i l i t y  i s  being b u i l t  t o  i n v e s t i g a t e  r e a c t i o n  ra.tex under r e a c t o r  acc ident  

condi t ions  and t o  provide a means f o r  cor robora t ing  a n a l y t i c a l  models de- 

veloped t o  i n t e r p r e t  l abo ra to ry - sca l e  r e a c t i o n  ra te  d a t a  i n  terms of  a 

r e a c t o r  core  geometry and flow cond i t ions .  

Steam-Graphi.te React ion Rate Tes t  F a c i l i t y  

I n i t i a l  ope ra t ion  of  the  t e s t  f a c i l i t y  t o  determi.ne i- ts  opera t ing  

c a p a b i l i t i e s  w a s  begun on July 7, 1967. During t h i s  shakedown tes t ,  a 

r a p i d  dep res su r i za t ion  occurred throu-gh f a i l u r e  of a s e a l  f o r  a g raph i t e  

h e a t e r  bus b a r .  As a r e s u l t  of t he  depressur iza t ion ,  h e a t e r  rods  were 

broken, a-nd t h e  ceramic components su f fe red  cons iderable  damage. 

The f a c i l i t y  i s  now being r e p a i r e d  wi th  modi f ica t ions  t o  preven.t 

recurrence and t o  enhance t h e  assembly p rocess .  Operat ion should s ta r t  

aga in  about September 1, 1967. 

Analysis  o f  t he  Steam-Carbon Reaction 

A f i n a l  d r a f t  of t he  r epor t '  de sc r ib ing  the  computer program Steam- 

c a r  was completed and submit ted for p u b l i c a t i o n .  I n  t h e  meantime, t h e  

computer program i s  being examined t o  see  whether it can be used t o  de- 

s c r i b e  t h e  steam co r ros ion  o f  g r a p h i t e  i n  two-region geometries with each 

regi.on c o n s i s t i n g  of  a d i f f e r e n t  type o f  g raph i t e ,  such as f u e l  and mod- 

e r a t o r .  Since Steamcar was designed as a special-purpose program i n  which 

the geom.etry i s  continuous,  cons iderable  d i f f t c u l t y  bas been encountered 

i n  making t h i s  f u r t h e r  a p p l i c a t i o n .  Some reprogramming appears  necessary  

t o  meet t h i s  requirement.  

'D. Licke and N.  Tuns ta l l ,  A Nimerical  Soliniion o f  a System of 
Ordinary and Non-Linear P a r t i a l  D i f f e r e n t i a l  Equations, USAEC Report 
K-1724, Oak Ridge Gaseous Dif fus ion  3 l a n t  ( i n  p r e s s ) .  



72 

5 - 4  HTGR NUCLEAR SAFETY 'L'ESTS I N  ORR POOLSIDE CAPSULE FACILITY 

(AEC A c t i v i t y  04 60 1 0  01 1) 

J .  A .  Conlin C .  L .  Segaser 

The ORR pools ide  capsule  experiment was designed t o  measure and char- 

a c t e r i z e  the  r e l e a s e  of  nongaseoiis f i s s i o n  products  from HTGR f u e l  during 

a simulated acc ident  t h a t  r e s u l t s  i n  a temperature excursion o f  t he  f u e l .  

A "s tandard" fue l ,  i n  t he  form of  UC2 p a r t i c l e s  i n  a bonded matrix,  was 

suppli-ed by General Atomic and w a s  used f o r  t h i s  and o t h e r  Nuclear Sa fe ty  

Program s t u d i e s  t o  f a c i l i t a t e  comparison of r e s u l t s .  

'The f i . r s t  poolsi.de capsule,  06-11, w a s  i n s t a l l e d  i n  the  O F 3  May 3 

and operated wi th  a fue l -g raph i t e  i n t e r f a c e  temperature of  1050°C and a 

corresponding c e n t r a l  f u e l  tempemture  of 1220°C imti l  June 1, when a 

l e a k  developed i n  the  primary containment of  t h e  capsule .  It was neces- 

s a ry  t o  t u r n  o f f  Lhe t r a p  and sweep-gas l i n e  h e a t e r s  and t o  r e t r a c t  t h e  

capsule  t o  a p o s i t i o n  where the  power w a s  about 34% of  normal. 

capsu1.e removal a modified acc ident  s imula t ion  w a s  made. For t h i s  experi.- 

ment the capsule  temperature was brought t o  "normal" condi t ions,  1050°C 

i n  t h e  g r a p h i t e - f u e l  i n t e r f a c e ,  32 h r  before  t h e  r e a c t o r  shutdown. Nine 

hours before  t h e  shutdown t h e  capsule  temperatures  were r a i s e d  t o  the  

planned acc ident  condi t ion,  1450°C i n  the  g r a p h i t e - f u e l  in.Lerface (1720°C 

c e n t r a l  f u e l  temperature) ,  by advancing the  capsule  f u r t h e r  toward the  

r e a c t o r .  These condi t ions  were he ld  u n t i l  t he  r e a c t o r  shutdown June 16, 

when the  capsule  was removed from t h e  r e a c t o r .  

P r i o r  -bo 

The capsule has been disassembled and p o s t i r r a d i a t i o n  ana lyses  a r e  

under way t o  determine the  d i s t r i b u t i o n  of f i s s i o n  products .  Analyses 

of  components oLher than  the  f u e l  have s o  f a r  not  revea led  apprec iab le  

amounts of  any fissrion products  i n  l o c a t i o n s  ou t s ide  t h e  f u e l ;  however, 

small  amounts of 8 9 ~ r ,  9 5  Z r ,  1 0  3 RU, 1 3 1  I, 1 3 2  Te, 137Cs, ""Ba, 14'Ce, and 

144Ce have been found. 

and ana lyses  of the  r e s u l t s  a r e  s t i l l  i n  p rogres s .  

Not a l l  capsule  conrponents have been examined, 

http://poolsi.de
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6 . ,  PRESSURE VESSEL AND P1:PI.NG TECHNOLOGY 
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6 . 1  KEAVY-SECTION STE;EL TECHN'OLOGY PROGM!! 

(mC A c t i v i t y  04 60 80 03 1) 

A program t o  eva lua te  t h e  e f f e c t s  of flaws, v a r i a t i o n  of  p r o p e r t i e s ,  

s t r e s s  r a i s e r s ,  and r e s i d u a l  s t r e s s e s  on t h e  s t r e n g t h  and s t r u c t u r a l  re-  

l i a b i l i t y  of p r e s e n t  and contemplated l i gh t -wa te r  r e a c t o r  p re s su re  v e s s e l s  

was i n i t i a t e d  during 1947 a-t; Oak Ridge Nat iona l  Laboratory by the  United 

S t a t e s  Atomic Energy Commission. Tne program i s  des igna ted  t h e  Heavy- 

Sec t ion  S t e e l  Technology Program (HSST) and i s  t o  be c a r r i e d  out  i n  very 

c l o s e  cooperat ion wi th  t h e  ma te r i a l s ,  f a b r i c a t i o n ,  and design segments of 

the nuc lea r  power i n d u s t r y .  

Tile program arose  as a r e s u l t  o f  e f f o r t s  by the  USAEC t o  r e so lve  

ques t ions  posed by t h e  Ad.visory Committee on Reactor  Safeguards concern- 

5.ng va r ious  s a f e t y  a s p e c t s  of  l i g h t - w a t e r  r e a c t o r  p re s su re  v e s s e l s  cur- 

r e n t l y  designed o r  contemplated f o r  f u t u r e  cons t ruc t ion .  The program un- 

der taken  has  evolved from proposa ls  an.d recommendations From s e v e r a l  re -  

search f a c i l i t i e s  and p r o f e s s i o n a l  organ iza-Lions, t he  l a r g e  s t con t r ibu to r  

being t h e  Pressure  Vessel  Research Committee o f  t h e  Welding Research Coun- 

c i l .  The e f f o r t  i s  supplemented by s e v e r a l  r e sea rch  programs c a r r i e d  o u t  

by tile USAEC and by coopera t ive  e f f o r t s  of  t he  nuc lea r  power indus t ry .  

The program i s  mainly concerned wi th  welded v e s s e l s  f a b r i c a t e d  from 

A l -  t h i c k - s e c t i o n  p l a t e s  ( p o s s i b l y  up t o  14  i n .  f o r  some a p p l i c a t i o n s ) .  

though e leven  t a s k s  have been i d e n t i f i e d  under t h e  HSST program, t k s e  

t a s k s  may be grouped under t h e  fol lowing f i v e  gene ra l  c a t e g o r i e s :  

adrriini s t r a t  ion, mate r ia l  p r o p e r t i e s  and mate r ia l  i n t e g r i t y ,  f r s c  t u r e  be - 
havior ,  p e r i o d i c  proof  t e s t i n g ,  and s imulated se rv ice  t e s t s .  S i g n i f i c a n t  

p rogres s  has been m a d e  i n  s e v e r a l  of  these  a reas ,  as r epor t ed  below. He- 

sa l t s  from the  m a t e r i a l  t e s t i n g  p o r t i o n  of t h e  program should be f o r t h -  

coming soon. 

program 

Program Adminis t ra t ion  

Some s i x  to e i g h t  subcont rac ts  a r e  t o  bc nego t i a t ed  during the y e a r .  

T h e  f i r s t  semiannual p rogres s  r e p o r t  f o r  <he HSST program i s  c u r r p n t l y  
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being prepared.  

t i f y i n g  and c o n t r o l l i n g  the ma te r i a l s  included i n  the  HSST program. A 

r e p o r t  i s  also being prepared t h a t  documents t he  f a b r i c a t i o n  h i s t o r y  and 

in spec t ion  of t h e  f i r s t  ASTM A 533 grade B c l a s s  l p l a t e  t o  be examined. 

In  addi t ion ,  a pre l iminary  guide was prepared f o r  iden- 

Mate r i a l s  P r o p e r t i e s  and Mechanical I n t e g r i t y  

Mate r i a l  from the  f i r s t  of  fou r  l a r g e  p l a t e s  (weighing approximately 

55 tons  each)  of  ASTM A 533 grade 13 s t e e l  i s  now a v a i l a b l e  t o  the  program. 

S i x  l a r g e  specimens (92 X 14 X 1 2  i n . )  were shipped t o  the  Naval Research 

Laboratory where they  w i l l  be t e s t e d  i n  a 180,000 f t - l b  drop-weight t e a r -  

t e s t  machine. Specirnens f o r  t h e  m a t e r i a l  c h a r a c t e r i z a t i o n  s t u d i e s  a r e  

p r e s e n t l y  being machined f o r  ORNL. Heat t reatment  and r o l l i n g  reduct ion  

e f f o r t s  a r e  under way on the  t h r e e  remaining p l a t e s .  

The t e c h n i c a l  p o r t i o n s  of s t u d i e s  on s i z e  e f f e c t  i n  t h e  drop-weight 

t e s t  and on p e r i o d i c  proof t e s t i n g  were agreed upon. Contracts  f o r  t hese  

e f f o r t s  a r e  c u r r e n t l y  under way. S i x  proposa ls  f o r  e l a s t i c - p l a s t i c  analy- 

s e s  as r e l a t e d  io f r a c t u r e  mechanics were received and a r e  c i i r ren t ly  being 

evaluated,  as a r e  s e v e r a l  o t h e r  proposa ls  f o r  m a t e r i a l  t e s t i n g .  

The comparison of u l t r a s o n i c  i n d i c a t i o n s  before  and a f t e r  quenching 

and tempering o f  t h e  f i . r s t  A 533 p l a t e  showed t h a t  i n  gene ra l  the number 

and s i z e  of i n d i c a t i o n s  were g r e a t e r  a f t e r  t he  hea t  t rea tment .  Tnese r e -  

s u l t s  a r e  s t i l l  being eva lua ted .  I n  t h i s  connection, t he  porti.on of the 

p l a t e  t h a t  contained most o f  t h e  u l t r a s o n i c  i n d i c a t i o n s  i s  now a t  OmL. 

The p l a t e  was sand b l a s t e d  and examined from both  s i d e s .  The r e s u l t s  i n  

gene ra l  agreed w i t h  those obta ined  by Combustion Engineering. 

S imulated-Service Tes ts  

Design and s t r e s s  ana lyses  O S  t he  s imula ted-serv ice  t e s t  vessel a r e  

cont inuing .  A t y p i c a l  p l o t  of s t r e s s e s ,  normalized t o  the  c i r cumfe ren t i a l  

membrane s t r e s s  of the 12 - in .  - t h i c k  c y l i n d r i c a l  sec t ion ,  i s  presented  i n  

F ig .  6 . 1  f o r  t h e  conceptual  design having a 2 - in . - th i ck  t e s t  course.  

V i s i t s  were made t o  most of  the  p o t e n t i a l  sirnulazed-service t e s t  v e s s e l  

f a b r i c a t o r s  t o  assess t h e  c a p a b i l i t y  of t he  indus t ry  w i t h  r e spec t  t o  both 

cos t  and sclieduling . 
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A X I A L  OR MERIDIONAL OUTSIDE STRESS 
A AXIAL  OR MERIDIONAL INSIDE STRESS 
0 CIRCUMFERENTIAL OUTSIDE STRESS 

CIRCUMFERENTIAL INSIDE STRESS 
~~~ 
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2 
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0 

-1  

DISTANCE FROM CENTER OF VESSEL ( f t )  

Fig. 6.1. Pressure Stresses in a Simulated-Service Test Vessel with 
a 2-in.-Thick Test Course Normalized to the Circumferential Membrane Stress 
in the 12-in. -Thick Cyli-ndrical  Section. 
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6.2  EXPERIMENTAL AI'TD ANALYTICAL INVESTIGATIONS OF NOZZLES 

(AEC A c t i v i t y  04 60 70 01 1) 

B .  1,. Greens t ree t  H. C.  Gwaltney 

Ilhe experimental  i n v e s t i g a t i o n s  of  nozz les  r a d i a l l y  and nonrad ia l ly  

a t t ached  t o  s p h e r i c a l  s h e l l s  and f l a t  p l a t e s  are cont inuing.  Instrumen- 

t a t i o n  and model v e s s e l s  a r e  being prepared f o r  t e s t i n g  a t  both the  Uni- 

v e r s i t y  of  Tennessee and Auburn Univers i ty .  In addi t ion ,  a n a l y t i c a l  

s t u d i e s  of  nozzl-es attal-hed i n  c l u s t e r s  a r e  cont inuing a t  Applied Tech- 

nology Assoc ia tes .  

Two s p h e r i c a l  s h e l l  models wi th  s i n g l e  nozz les  a t tached  a r e  being 

examined a t  t h e  Un ive r s i ty  of  Tennessee. The nozzle  a t t ached  a t  45 deg 

was welded i n  p l a c e  and i s  ready f o r  hand f i n i s h i n g  a t  t he  f i l l e t .  The 

second model wi th  a r a d i a l l y  a t t ached  '7 7/8-in.-OD nozzle i s  being pre-  

pared f o r  t e s t i n g .  

The s i n g l e  nozzle model f o r  t h e  f l a t - p l a t e  s t u d i e s  a t  the  Un ive r s i ty  

of  Tennessee was machined, and the  o t h e r  f o u r  models a r e  i n  an advanced 

s t age  of f a b r i c a t i o n .  A second s tandard  p i a t e  was machined and i s  ready 

f o r  t e s t i -ng .  The second loading frsrne f o r  e x t e r n a l  l oads  i s  now being 

b u i l t ,  

Fab r i ca t ion  of t h e  second s p h e r i c a l  model conta in ing  a s e r i e s  of 

c i -us t e r  ho le s  i s  cont inuing a t  Aubiirn Univers i ty .  The s t r a i n  gages t h a t  

were i n s t a l l e d  on t h e  f i r s t  model wi th  t h e  l a r g e  r a d i a l  nozz les  had t o  be 

replaced because of  poor bonding t o  the  metal su r face .  A new method of 

i n s t a l l i n g  the  gages w a s  developed. 

The a n a l y t i c a l  s t u d i e s  of  f l a t  p l a t e s  wi th  ho le s  being done by Applied 

Technology Assoc ia tes  are cont inuing wi th  cu r ren t  emphasis on t h i r d  d i -  

mensional v a r i a t i o n  through t h e  th i ckness  i n  an at tempt  to r e so lve  d i f -  

f e r ences  between p resen t  theory  and experiment.  

Computer programming f o r  t he  cy l inder - to-cy l inder  conf igura t ion  s h e l l  

problem i s  cont inuing at OKPJL. E r r o r s  i n  the  s o l u t i o n  f o r  t h e  out-of-plane 

bending case der ived  by General Technology were co r rec t ed .  The co r rec t ed  

equat ions  a r e  now being programmed. 
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6.3 DESIGN C R I T E R I A  FOR PIPING, PUMPS, AND VALVES 

( A E C  A c t i v i t y  04 60 80 03 1) 

B. L. Greens t r ee t  S. E .  Moore 
T. G. Chapman 

The Pressure  Vessel  Research Committee def ined  a r e sea rch  program 

f o r  t h e  development of  s t r e s s  i n d i c e s  f o r  p ip ing  and f o r  pump and va lve  

bodies  t h a t  i s  sponsored i n  p a r t  by t h e  USAEC a t  ORNL. The PVRC program 

i s  intended t o  provide v i t a l  information t o  code-wri t ing bodies  and con- 

s i s t s  of  17 i n d i v i d u a l  t e s t s ,  s e v e r a l  of which have been i n i t i a t e d ,  as 

prev ious ly  r epor t ed .  

L i t e r a t u r e  Survey 

We have j - n i t i a t e d  a l i t e r a t u r e  survey 011 t h e  s t r u c t u r a l  design b a s i s  

The purpose of t h i s  survey i s  t o  provide a summary of  p ip ing  components. 

o f  r e sea rch  work on s t r u c t u r a l  design of p ip ing  systems f o r  background i n -  

formation.  A r e p o r t  w i l l  be prepared t h a t  b r i e f l y  desc r ibes  wha-t i s  avail- 

ab le  i n  the  l i t e r a t u r e  and provides  an ex tens ive  b ib l iography (probably 

400 t o  600 r e f e r e n c e s ) .  

s ign  information, b u t  it w i l l  provide a compilat ion of e x i s t i n g  design 

information p r e s e n t l y  i n  t h e  p u b l i c  domain. The r e p o r t  w i l l  a l s o  prove 

u s e f u l  i n  p lanning  f u t u r e  work t o  fill i n  p e r t i n e n t  design i-nformation. 

An o u t l i n e  and a t e n t a t i v e  t a b l e  of con ten t s  of t he  r e p o r t  were coinpleted. 

D r a f t s  of t h e  s e c t i o n s  t i t l e d  " In t roduct ion  and Scope" and "Factors  In- 

volved i n  the  Design of P ip ing  Components" were w r i t t e n .  

This  r e p o r t  i s  not  intended t o  g ive  d e t a i l e d  de- 

~ Dimensional Survey of  Commercial Components 

The p rev ious ly  i n i t i a t e d  dimensional survey on purchased commercial 

p ip ing  c o q o n e n t s  w a s  cont inued.  The survey i s  being broadened t o  inc lude  

manu.facturers' data .  S p e c i f i c  information on concen t r i c  reducers  was re- 

quested from a l i s t  of  major manufactuxers. 

sponded wi th  data ,  and a seventh has  ind ica t ed  he w i l l  yeply l a t e r .  This 

S i x  manufacturers have r e -  

'E. L. Greens t ree t ,  S .  E .  Moore, and T. G .  Chapman, ORNL Nuclear 
Safety Research and Development Program Bimonthly Report f o r  May-June 1967, 
USAEC Report ORNL-TM-1913, p .  58, Oak Ridge Nat iona l  Laboratory,  J u l y  1967. 
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information i s  v i t a l  f o r  e s t a b l i s h i n g  s t r e s s  i n d i c e s  and f l e x i b i l i t y  fac-  

tors, s ince  app l i cab le  s tandards  permi t  a wide l a t i t u d e  f o r  p ip ing  compo- 

nen t s .  For example, concent r ic  reducers  can have any shape between the  

extremes shown i n  Fig.  6 .2  and s t i l l  f a l l  w i th in  the  s p e c i f i c a t i o n s  of 

ASA B16.9. A similar condi t ion  e x i s t s  f o r  all components f a b r i c a t e d  t o  

ASA B16 .9  s p e c i f i c a t i o n s .  

Development o f  S t r e s s  Indices  and F l e x i b i l i t y  Fac tors  

Parametr ic  s t u d i e s  were expanded f o r  e s t a b l i s h i n g  s t r e s s  i nd ices  and 

f l e x i b i l i t y  f a c t o r s  as a func t ion  of  appl ied  moments, i n t e r n a l  pressure ,  

and dimensional v a r i a t i o n s  f o r  the  ASA B 3 1 . 7  code and the  AEC-RDT s t an -  

da rds .  The s t u d i e s  a r e  based on t h e o r e t i c a l  methods i n  the  l i - t e r a t u r e  

for elbows, concen t r i c  reducers ,  local loads  (lugs, aiichors, supports, 

e t c . )  on s t r a i g h t  pipes ,  f langed j o i n t s ,  and tapered  w a l l - t r a n s i t i o n  

j o i n t s .  Computer codes are being prepared t o  f a c i l i t a t e  computations f o r  

de f in ing  t h e  i n d i c e s  and f l e x i b i l i t y  f a c t o r s .  Two computer codes a r e  op- 

erable and t h r e e  a r e  p a r t i a l l y  completed. Some pre l iminary  r e s u l t s  have 

been obta ined .  Addi t iona l  a n a l y t i c a l  mzthods w i l l  be programmed a s  the  

information becomes a v a i l a b l e .  The parameter  s t u d i e s  w i l l  a l s o  r e f l e c t  

the dimensional survey f ind ings  as they  become a v a i l a b l e .  



ORNL-DWG 67- (0259  

Fig. 6 . 2 .  Examples of Extreme Contours of Concentric Reducers Ac- 
ceptable Under ASA B16.9 Requirements. 
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6.4  PF3CSSURE VESSEL mCI-INOLOGY FXPORT 

( A E C  A c t i v i t y  04 60 €40 03 1) 

G .  D .  Whitman 

The f i n a l  d r a f t  o f  t h e  r e p o r t  "Technology o f  Steel Pressure  Vessels 

f o r  Water-cooled Power Reactors, " OIWL-NSIC-21, is  being prepared fol low- 

i n g  incorpora t ion  of many of the  conments received.  It i s  expected t h a t  

t he  r e p o r t  w i l l  be issued during t h e  next  r e p o r t  per iod .  



83 

7. ANALYSES AND EVALUATION - CODES AND STm-DMDS 





7.1 HTGR SAFETY PROGRAM OFFICE 

(AEC A c t i v i t y  04 60 70 01 1) 

S .  I. Kaplan M. D. Silverman 
E. A. Nephew W .  C .  U l r i ch  

The HTGR S a f e t y  Program Office continued i t s  eva lua t ion  of  cu r ren t  

r e sea rch  and f u t u r e  program needs i n  “TGZ physics ,  coolan t  chemistry, and 

f i s s ion -p roduc t  behavior ,  An ana lys j  s of  system and component performance 

begun during t h e  prev ious  r e p o r t  pe r iod  i s  cont inuing.  

High-Temperature Phys ics  

The subcont rac t  wi th  P a c i f i c  Northwest Laboratoi’y (PI’&) 5nvolvi.ng 

t h e  use of  t h e  High-Temperature L a t t i c e  Test  Reactor (RTLTR) as a f a c i l i t y  

f o r  t r a n s i e n t  t e s t s  of  T-ITGR f u e l  elements was signed, and a p re l imina ry  

survey w a s  s tarted by PNzl t o  s e l e c t  appropr i a t e  parameters  f o r  t he  s tudy.  

The e x t e n t  of p r e p a r a t i o n  and the gene ra l  approach t o  be followed were re -  

viewed a t  a meeting between t h e  HTLTR s taff  and a Program Off ice  represen-  

t a t i v e  a t  t h e  HTLTR s i t e  on August 2. 

We are cont inuing  t o  s tudy  the  p o s s i b l e  use fu lness  of t h e  UHTREX re- 

a c t o r  f o r  examining t r a n s i e n t  r e a c t i v i t y  feedback cha , r ac t e r i s t i c s  i n  HER 

f u e l s .  Our i n t e n t  i s  t o  c a l c u l a t e  t h e  peak power fol lowing a step i n s e r -  

t i o n  of  r e a c t i v i t y  f o r  s e v e r a l  i l l u s t r a t i v e  UHTRKX f u e l  arrangements in-  

vo lv ing  both segrega ted  and homogenized f i s s i l e  and f e r t i l e  materials. If 

a s i g n i f i c a n t  v a r i a t i o n  i n  peak power were a t t a i n a b l e  by varying t h e  f u e l  

conf igu ra t ion  wi th in  p r a c t i c a l  l i m i t s ,  U€ITFdX could, i n  p r i n c i p l e ,  be used 

t o  s tudy  t h e  e f f e c t s  of t r a n s i e n t  h e a t  flow wi th in  HTGR f u e l  compacts on 

core  r e a c t i v i t y .  

Coolant Chemistry and Fiss ion-Product  Transport  

A summary r e p o r t  on f i s s ion -p roduc t  t r a n s p o r t  and coolan t  cherryistry 

i s  being prepared  f o r  USAEX-DRDT. Toward t h i s  end, a Program Of f i ce  rep- 

r e s e n t a t i v e  confer red  wi th  research. s ta f f  members of P.N, and General 

Atomic (GA). 

t h i s  f i e l d  t o  t h e  eva lua t ion  of  HTGR acc ident  s i t u a t i o n s  and t h e i r  plans 

f o r  f u t u r e  work. Topics reviewed a t  GA concerned experimental  means f o r  

Discu-ssions at, PNL concerned t h e  rel.evance of t h e i r  work i n  
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s imula t ing  p o t e n t i a l  HTGR s a f e t y  problems, inc luding  carbon depos i t i on  

and stearn-graphite r e a c t i o n s  and f o r  p r e d i c t i n g  f i  ss ion-product  d i s t r i -  

but ion under normal and abnormal ope ra t ing  condi t ions .  

A l l i e d  A c t i v i t i e s  

The study of  HTGR systems and components i n i t i a t e d  during the  l a s t  

repoi% pe r iod  i s  cont inuing.  We are a l s o  maintaining our coverage of 

ACRS discuss ion  meetings on the  For t  St. Vrain H E R .  



7 . 2  NUCLEAR sAtwrY INFORMATION CENTER 
(AEC A c t i v i t y  04 60 70 01 1) 

J. 3 .  Buchanan Wm. B.  C o t t r e l l  

The Nuclear S a f e t y  Information Cen-Ler was e s t a b l i s h e d  by t h e  U.S. 

Atomic Energy Commission, Division of Reac-Lor Development and Technology 

t o  c o l l e c t ,  evalu-ate, and disseminate  nuc lea r  s a f e t y  in fo r imt ion  for t h e  

b e n e f i t  of t he  nuc lea r  conmunit;y. I n  o rde r  t o  do t h i s  we found it neces- 

sary t o  computerize re ference  sources,  a.nd we are now i n  t h e  p rocess  of 

i n s t a l l i n g  a telecommunication s t a t i o n  t o  expedi te  our  va r ious  uses  of  

t h i s  information f i l e .  

t a c t  the  c e n t e r  f o r  assistan-ce ranging from t h e  i d e n t i f i c a t i o n  of a s i n g l e  

repor-i; t o  s p e c i a l  l i t e r a t u r e  searches,  as w e l l  a s  consu-ltatioti  and s p e c i a l  

s t u d i e s ,  a major f r a c t i o n  of our  e f f o r t  i s  i n  the  p repa ra t ion  o f  s t a t e - o f -  

t h e - a r t  r e p o r t s  and our  q u a r t e r l y  b ib l iography.  

While many members of t'ne nuc lea r  cormunity con- 

Telecommunications. The equipment f o r  N X I C '  s compulxr te lecomuri i -  

c a t i o n s  s t a t i o n  was rece ived .  Tlne remote f a c i l i t y  c o r ~ s i s t s  of an 13hf-2740 

t y p e w r i t e r - p r i n t e r  and t w o  IBM-2260 d i s p l a y  s t a t i o n s .  I n s t a l l a t i o n  of  

t h e  2'140 was completed and. programs were w r i t t e n  and are being t e s t e d  on 

an  abbrevia ted  NSIC file. These programs a r e  i n  th.e f i m l  s t a g e s  o f  de- 

bugging. I n s t a l l a t i o n  o f  t h e  2260 d i sp lay  s t a t i o n s  awaits d e l i v e r y  of  

t he  coax ia l  cab le  needed t o  t i e  -the s t a t i o n s  t o  t h e i r  c o n t r o l  u n i t .  Pro- 

gramming checliout o f  t'ne s t a t i o n s  w i l l  be i n i t i a t e d  upon completion of  

t lie e quipme n t i n  s tall a t  ion  . 
Reports T'he C e n t e r ' s  t e n t h  q u a r t e r l y  indexed bi.bliography w a s  i s sued  

i n  August as ORNL-NSIC-36.'  

subject, c a t e g o r i e s .  Also i ssued  i n  August as OWCL-NXIC-352 was t he  l a t e s t  

ve r s ion  of t h e  Center s keyword thesaurus  e It con ta ins  over 1500 keywords 

I'i, contained 1189 r e fe rences  sox-ted i n t o  1 9  

NSIC S ta f f ,  Indexed Bibl iography of Current Nuclear Sa fe ty  L i t ,  l. 
"Y'X- 

ture-1.0, TJSAEC Report OHNL-NSPC-36, Oak Iiidge Nat iona l  Laboratory,  August 
1967. 

2 N S I C  Keyword Thesaurus, USAEC Report ORNL-NSIC-35, Oak. Ridge Na- 
t i o n a l  Laboratory,  August 1967. 
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developed f o r  use i n  indexing and retriev5.ng t'ne information cataloged by 

NSIC and r e f l e c t s  the  experience gained by 18 s p e c i a . l i s t s  i n  indexing over 

12,000 documents. 

The t h i r d  e d i t i o n  o f  t h e  "Compilation of Nat iona l  and i n t e r n a t i c n a l  

Nuclear Standards (Excluding U. S .  Ac t iv i t i . e s ) "  was completed and submitted 

t o  'ihe p r i n t e r .  It w i l l  be i s sued  i n  September. 

F i r s t  d r a f t s  of  two s t a t e - o f - t h e - a r t  s tud ie s ,  "F i s s ion  Product Re- 

l e a s e  and Transport  i n  Li.quid Metal Fas t  Reactors"  and "Sources of  Tritium 

and I t s  Behavior Upon Release t o  thhe Environment," were completed and a r e  

being c i r c u l a t e d  f o r  i n i t i a l .  review and comments. Meetings t o  consol.i.date 

coniments and make p l ans  f o r  revis i -ons of t he  d r a f t s  w i l l  be held i n  Sep- 

tember. 

Other Information A c t i v i t i e s .  During t h e  r epor t ing  per iod,  NSPC r e -  

ceived and answered 86 information r eques t s .  I n  addi t ion ,  t h e r e  were 1% 

v i s i t s  t o  the  Center for s ta f f  consu l t a t ions .  The A E C ' s  "C-eneral. Design 

C r i t e r i a  f o r  Nuclear Power P l a n t  Construct ion Permits" were reviewed by 

the  N S I C  s ta f f ,  and t h e  comments and suggest ions were submitted t o  t h e  

Commission. During the  $&st two moriths, 43 persons were added t o  oiir SDI 

(bimonthly S e l e c t i v e  Disseminati-on of Information s e r v i c e ) .  

brought t h e  t o t a l  number of p a r t i c i p a n t s  t o  824. 

These persons 



7 . 3  DISCUSSION PAPERS ON VARIOUS ASPECTS OF 

(AEX A c t i v i t y  04 60 80 03 1) 

WATER- COOLED IEACTOR SAFETY 

J.  W. Michel 

The Laboratory is  prepar ing  a number o f  d i scuss ion  papez.;; on various 

aspec t s  of water-cooled r e a c t o r  s a f e t y .  The papers,  d i r e c t e d  t o  techr!ical  

management, a r e  intended t o  summarize both c u r r e n t  p r a c t i c e  and cur ren t  

technology and t o  i d e n t i f y  t h e  need f o r  addi . t iona l  research  i n  o rde r  t o  

understand b e t t e r  or otherwise f u r t h e r  enhance t h e  s a f e t y  of  water-cooled 

power r e a c t o r s .  The s u b j e c t s  of t h e s e  papers  were s e l e c t e d  from arnong 

the  most u rgen t  s a f e t y  ques t ions  of t h e  day and include in-core cooling, 

metal-water r eac t ions ,  ear thquakes and p l a n t  design, shock. and m i s s i l e  

cons idera t ions ,  a i r  cleanup systems, contai.nrn-ent sy-stem t e s t i n g ,  aiid re- 

a c t o r  p l a n t  ins t rumenta t ion  systems. 

Extensive comments were received on a.11 t he  d iscuss ion  papers follow- 

i ng  t h e i r  d i s t r i b u t i o n  l a s t  spr ing,  and t h e  papers  a r e  being r ev i sed  ac- 

cord ingly .  A l l  t h e  e x t e r n a l  review committees o f  exper t s ,  which were as- 

sembled f o r  each paper, completed t h e i r  reviews, except  t he  committee on 

r e a c t o r  p r o t e c t i o n  ins t rumenta t ion  systems, which i s  scheduled t o  meet i n  

September. 'Their advice on t h e  e x t e n t  and natim? o f  the  r e v i s i o n s  re- 

qui red  t o  t h e  d r a f t  s e n t  out  f o r  comment was obta ined .  With soiiie few ex- 

cept ions ,  t h e  response from those  who were asked t o  comment on t'ne r e p o r t  

d r a f t s  has beel? poor .  Addttional e f f o r t s  t o  obbain more inpu t  o f  t h i s  

form from the  nuc lear  i ndus t ry  a r e  being made. In the meantime, Yevistons 

t o  t h e  pape r s  are being made i n  p r e p a r a t i o n  toward t h e  completion of the  

final r e p o r t s  . 
The comments rece ived  t o  da t e  include s e v e r a l  t h a t  would. s i g n i f i -  

c a n t l y  extend t h e  scope of this work, o t h e r s  t h a t  quest ion t h e  p r o p r i e t y  

of compa-ring the  des igns  and a.nalyses of d i f f e r e n t  manufa@tu.rcrs, as w e l l  

as numerous o t h e r s  on r e l e v a n t  t e c h n i c a l  d e t a i l s .  A t  t h i s  t . i n i e  we have 

received. no w r i t t e n  comments ffrom t h e  Commission, bu t  t hese  a r e  expected 

i n  September. Review meeLings wi th  th.e CommLssion will fo l low on each 

paper .  Unless t h e  Conimission au tho r i zes  a. s ign i f l ican t  extensiori  o f  the  
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scope of any paper, i t  i s  expected that t he  f i n a l  reports w i l l  be pub- 

l i s h e d  i n  about four months a f t e r  t hese  f i n a l  review meetings.  
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7.4 FUEL TFANSPORT S m T Y  STUDIE’,S 

(AEC A c t i v i t y  04 60 40 03 1) 

L. b. Shappert  

A code i s  being developed t o  s e t  f o r t h  s u i t a b l e  engineer ing p r a c t i c e  

s tandards  f o r  t h e  design, f a b r i c a t i o n ,  t e s t i n g ,  inspec t ion ,  and mainte- 

nance of i r r a d i a t e d - f u e l  shipping casks .  The code i s  t o  provide d.esign 

i n f  orrnat ion  on the  s t r u c t u r a l  sh i e ld ing ,  hea t  t r a n s  f e r  , c:r i t ic  a l i  t y  ma- 

t e r i a l s ,  f a b r i c a t i o n ,  and in spec t ion  methods. I n  add i t ion  t o  the  code, 

a backup document i s  being prepared t h a t  w i l l  conta in  d e t a i l e d  j u s t i f i -  

ca t ion ,  de r iva t ions ,  and judgments on the  code m a t e r i a l s  and will i n d i c a t e  

t h e  degree of  s a f e t y  and degree of conservat ism s p e c i f i e d  by t he  code. A s  

a p a r t  of the p~ogram, t e s t s  a r e  conducted, wheye necessary,  t o  r e so lve  

important  i s s u e s .  Recently, members of t he  ORNL program p a r t i c i p a t e d  i n  

an AEC review of c u r r e n t  sh ipping  cask designs developed by var ious  r r ix iu -  

f a c t u r e r s .  

Prepara t ion  of t h e  s h i e l d i n g  chapter  of t‘ne c r i t e r i a .  brought the 

number of completed chapters  t o  f o u r .  These a r e  t h e  chapters  on m a t e r i a l s ,  

fabrication, c r i t i c a l i t y ,  and sh ie ld ing .  The chapter  on hea t  t r a n s f e r ,  

which was submitted i n  June by B a t t e l l e  Memol-ial I n s t i t u t e ,  i s  p r e s e n t l y  

being r e w r i t t e n  t o  conform t o  t h e  s t y l e  of t h e  c r i t e r i a .  

Heat Transfer  C r i t e r i a  

Fur ther  e f f o r t s  on thermal- model s i m p l i f i c a t i o n  were d e f e r r t d  pending 

implementation of tine THT-D computer program on E a t t e l l e ’  s Colum’nus Tiabo- 

r a t o r i e s  CDC 6iJlO Computer. The THT-D computer program i s  c u r r e n t l y  goi-ng 

through a “debugging” per iod ,  and we expect  it t o  be ready f o r  use soon. 

Supplemental d e t a i l e d  temperature mappings f o r  a 12 by- 1 2  h e 1  e l e -  

riient a r r ay  w i l l  a l s o  be generated vhen THT-D becomes fully operable .  

A t  p re sen t ,  t he  f i r e  ana lys i s  o u t l i n e d  i n  t h e  Cask Acceptance Cr i t e -  

r i a  Manual does riot account for’ voids  l e f t  i n  t he  ends of t he  cask l o r  

t he  purpose of accommodating l e a d  expansion. Leaving void:; a t  t h e s e  

p l aces  i s  comrnon p r a c t i c e  among some cask f a b r i c a t o r s .  Since t h e  void 

spaces have an i n s u l a t i n g  e f r e c t  during a shipping f i r e ,  t h e  edges of t h e  

cask w i l l  no t  melt  as f a s t  as i f  no voids  were p r e s e n t .  
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I n  o rde r  t o  account f o r  t hese  voids  i n  t h e  f i r e  a n a l y s i s  procedure,  

two a n a l y t i c a l  methods a r e  being inves t iga t ed .  The f i . rs t  method u t i l i z e s  

t h e  Newman equat ions (expla ined  i n  Volume I of t h e  Acceptance C r i t e r i a  

Manual). 

e s s e n t i a l l y  as i f  no void were p re sen t ,  and t h e  temperature d i s t r i b u t i o n  

a t  t h e  corner  i s  computed. From t h e  c a l c u l a t e d  temperature d i s t r i b u t i o n  

a t  t h e  corner  and r a d i a t i o n  hea t  t r a n s f e r  equat ions,  it i s  p o s s i b l e  t o  

account f o r  hea t  t ransmiss ion  ac ross  the  void.  When t h e  s o l i d  reg ion  i s  

reached across  t h e  void,  t h e  Newmavi equat ions a r e  used again.  

I n  t h i s  method t h e  s t e e l  a t  t h e  corner  of t h e  cask  i s  t r e a t e d  

A somewhat more sophis t i -ca ted  method Tor computing t h e  p e r t u r b a t i o n  

of hea t  t r a n s f e r  due t o  voids  i s  t o  use three-dimensional  f i r i t e  d i f f e r -  

ence equat ions .  Thi.s second method does no-t involve t h e  degree of approxi- 

mation inhe ren t  i n  t h e  f i r s t  method; however, it would be somewhat more 

formidable f o r  a hand c a l c u l a t i o n .  Since a F i r e  Analysis  Computer Program 

now e x i s t s ,  t h e  second method. may be used i n  t h e  program, and t h e  s impler  

method may be recomrriended f o r  i n v e s t i g a t o r s  no t  having access  t o  a com- 

p u t e r  . 
Most manufacturers of casks provide expansion voi.ds t h a t  a r e  supposed 

t o  be f i l l e d  i.n t h e  event  t h e  cask i s  involved i n  a f i r e  acc iden t .  This 

design f e a t u r e  i s  intended t o  prevent  thermal  s t r e s s e s  from bu i ld ing  up 

i n  t h e  cask (due t o  l e a d  expansioii upon mel t ing)  t h a t  would cause it ’GO 

ru-pture. There i s  some controversy concerning t h e  a b i l i t y  of l ead ,  once 

i.t i s  melted,  t o  flow i n t o  t h e  voids  provided.  The s t u d i e s  be ing  c a r r i e d  

out  a r e  of an a n a l y t i c a l  na tu re  and a r e  an a t tempt  t o  r e so lve  the contro-  

versy  surrounding t h e  worLh of voids  as p r e s e n t l y  designed i n  l e a d  s h i e l d s .  

Review of Current  Designs 

Elk  River Shipping Cask. The review of t h e  s t r u c t u r a l  a n a l y s i s  of 

t h e  E l k  River sh ipping  cask w a s  completed. It was concluded t h a t  no guar- 

an tees  could be p laced  on t h e  r e t e n t j o n  of t he  cask  c losu re  s e a l  i n  a 

30-Tt free f a i l .  A secondazy problem i s  t h a t  upon s o l i d i f i c a t i o n  a f t e r  

a f i r e ,  if t h e  s h e l l  has been s t r a i n e d  p l a s t i c a l l y  and maintained i t s  in -  

t e g r i t y ,  a p o t e n t i a l  e x i s t s  Tor the  c r e a t i o n  of vo ids .  It w a s  recommended 

t h a t  two s i l i c o n  O-rings be used w i t h  t h i s  cask,  t h a t  $ r o t e c t i o n  boxes be 
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t o  determine whether any a reas  of t h e  cask r e q u i r e  r e p a i r .  

H a l l a m  Shipping Cask. Over t h e  p a s t  s e v e r a l  months a ques t ion  has 

a r i s e n  as t o  t h e  importance of ob ta in ing  a good bond between 'che l e a d  

s h i e l d i n g  and tine o u t e r  s t e e l  s h e l l  of t h e  Bal lam sh ipping  cask  designed 

by Atomics I n t e r n a t i o n a l .  The s a f e t y  a n a l y s i s  was based on t h e  f a c t  t h a t  

a bond e x i s t s .  The COIiIpany t h a t  i s  pouring t h e  l e a d  w i l l  n o t  guarantee 

m y  bond. It seemed imperat ive,  t h e r e f o r e ,  t o  b u i l d  a model cask a n d - p e r -  

:?arm some t e s t s  t o  determine whether t h e  mo.vement of l e a d  i n  a 30- f t  i m -  

p a c t  was severe  enough t o  a c t u a l l y  r e q u i r e  a bond. 

The model cask, designed a t  OmL, b u i l t  i n  Knoxvil le ,  and t e s t e d  a t  

t h e  Un ive r s i ty  of Tennessee 'was about 32 i n .  long and 5 i n .  OD; t h e  s c a l e  

w a s  approximately '7.5 t o  1. The cask  d i d  not  impact i n  t h e  t r u l y  v e r t i c a l  

p o s i t i o n  b u t  was canted  a t  an angle of s e v e r a l  degrees.  This c r e a t e d  a 

s l i g h t  bulge on one s i d e  of t h e  cask  about 2 i n .  above t h e  p o i n t  of i m -  

p a c t .  Other t han  t h a t ,  deformation seemed t o  be r e l a t i v e l y  uniTorm and 

t h e  i n s i d e  diameter  changed only s l i g h t l y .  The l e a d  s e t t l e d  approximately 

0.7 i n .  This corresponds q u i t e  w e l l  with t h e  O.L+O-in. s e t t l i n g  obta ined  

by H. G. Clarke a t  F rank l in  I n s t i t u t e  when he t e s t e d  an lg - in . - long  3 - in . -  

OD model cask. A s  a r e s u l t ,  t h e r e  seems l i t t l e  doubt t h a t  t h e  Hallam cask 

w i l l  have t o  be checked u l t r a s o n i c a l l y  t o  determine t h e  amount of bond 

t h a t  e x i s t s  a f t e r  t h e  cask  has been poured. 

We t h e r e f o r e  decided t o  examine t h e  e f f e c t  of l e a d - s t e e l  bonding on 

impact r e s u l t s ,  and Frankl in  I n s t i t u t e  b u i l t  a second model cask  iden t i . ca l  

t o  t h e i r  f i r s t  one. The inne r  suri"ace of t h e  o u t e r  p ipe  w a s  t i nned  on 

a l t e r n a t e  quadrants  of t h e  c y l i n d e r  t o  i n s u r e  reasonab1.e l e a d  w e t t a b i l i t y  

over 50% of t h e  t o t a l  i n n e r  s u r f a c e  a e a .  

t h a t  a good bond was obta ined  i n  t h e  quadrants  t h a t  were t inned,  and no 

bond was obta ined  i n  t h e  quadrants where .no t i n n i n g  w a s  provided. Lead 

niovement w a s  cons iderably  reduced over t h a t  i n  t h e  completely unbonded 

cask  when t h e  cask was subjec ted  t o  a 3 0 - f t  drop t e s t .  The l e a d  s e t t l e d  

an average of only 0.06 i n .  i n  the part<ial ly  bonded cask, w i t h  s e t t l i n g  

a s  small as 0.005 i n .  i n  one of t h e  bonded quadrants.  

V i s - u a l  i n spec t ion  i n d i c a t e d  

The f a b r i c a t i o n  of the second model cask at t h e  T h i v e r s i t y  of  Ten- 

nessee w a s  completed. This cask  inco rpora t e s  t h e  "Knapp M i l l s "  c l o s u r e  
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design on e i t h e r  end, which i s  cha rac t e r i zed  by Yne loading of a l l  b o l t s  

i n  compression arid massive Tlanges amd p lugs .  Tes t ing  of  t h i s  cask under 

30-Pt impact condi t ions  w i l . 1  begin s h o r t l y .  

TRU 10-Ton 2 5  2 C f / 2 5 4 C f  C a r r i e r .  Limonite-concrete b r i c k s  of t h e  type 

t o  be used i n  t h e  TRU cask were received,  and -the type and mems of t e s t -  

i n g  a r e  now being formulated.  

t u r e  t e s t s  and 30-ft drop t e s t s  of t hese  b r i c k s  t o  determine t h e  e x t e n t  

of damage of unre inforced  concre te .  D e t a i l  design of  t h i s  c a r r i e r  was 

coinple'ted and i s  now under review. A design r e p o r t  was s t a r t e d  t h a t  w i l l .  

demonstrate t h e  compliance of t h i s  cask. w i th  U C  Mamial, Chapter 0529. 

It i s  proposed t o  perform both 1 k O - h .  punc- 

'The 2600-lb concre te  cask  f o r  sh ipping  curium iso topes  w a s  examined 

t o  determine compliance wi th  A E C  Manual, Chapter 0529. Resul t s  i n d i c a t e  

t h a t  t h e  cask w i l l  meet t h e  regul-at ions,  and we expect  t o  ob ta in  approval  

for shipping a num'oer of  transuranium i so topes .  

Navy Shipping Casks 

We a r e  examining the  problems of  t h e  spen t - fue l  shipping cask  f o r  

t h e  PM-l and PM-3A r e a c t o r s  and recommending s o l u t i o n s .  Accordingly, t h e  

Navy s e n t  us a f r e s h  f u e l  shipping con ta ine r  I"or t e s t i n g .  The con ta ine r  

i s  approximately 2 1 /2  ft i n  diameter and )- f t  t a l l  and w i l l  bs  t e s t e d  

by dropping it 30 f t  onto a corner .  

- Iodine  Release i n  Shipping Accidents 

The r e l e a s e  of f iss ion-produced iodi-ne Prom U 0 2  t o  t h e  f r e e  volume 

of t h e  surrouncl.ing shea th  i s  a func t ion  of t h e  i n i t i a l  dens i ty ,  t h e  burnup 

'1-evel, and t h e  ope ra t ing  temperature of t h e  U 0 2 .  I n  low-density f u e l s  of 

89 t o  92% t h e o r e t i c a l  d e n s i t y  (100% U 0 2  densi-ty = 10.96 g/cm3) t h e  ob- 

served. r e l e a s e  r a t e  of i od ine  ( temperature  below 1600°C) i s  comparable 

wi th  t h a t  o f  xenon; however, for high-densi ty  f u e l s  ( g r e a t e r  than  92% 

t h e o r e t i c a l )  t h e  release of  iod ine  exceeds that  of xenon. A s  t h e  p re sen t  

time t h e  usua l  reactor d e n s i t y  for LJOz f u e l  i s  i n  t h e  range of 93 t o  94% 

t h e o r e t i c a l ,  and t h i s  d e n s i t y  range w i l l  be t h e  r e fe rence  f o r  t h e  follow- 

ing d i scuss ion  of t h e  e f f e c t  o f  temperat ine and burnup on iod ine  r e l e a s e .  

Data r o r  t h e  analysis o f  t h e  temperature and burnup e f f e c t  on iod ine  

r e l e a s e  were obta ined  by Parker"  by heati i ig reac tor -grade  U02 i n  very 
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pure  helium f o r  a p e r i o d  of 5.5 h r .  The d a t a  i n d i c a t e d  t h a t  the r e l e a s e  

0 7  i od ine  inc reased  wi th  inc reas ing  burnup and inc reas ing  temperature .  

Appropriate  curves  €or t h e  e s t ima t ion  of i od ine  r e l e a s e  a r e  giveri i n  Fig. 

7.1, where t h e  percentage  of  i od ine  r e l eased  i s  p l o t t e d  a g a i n s t  t h e  r e -  

c i p r o c a l  or t h e  abso lu te  temperature .  Tine s o l i d  l i n e s  ( t r a c e r ,  1000, and 

4000 Mwd/T) r e p r e s e n t  a c t u a l  d a t a  obta ined  f o r  those  exposure l e v e l s  ; how- 

ever ,  t h e  curves for 5,000 and 10,000 Mwd/T a r e  p r e d i c t e d  from previous 

data and have n o t  been s u b s t a n t i a t e d  by experiment. The curve for t h e  

20,000-Mwd/T burnup i s  fron d a t a  on t h e  burnup of PuO;?-UQ2 fuel c o l l e c t e d  

by Nuclear Mate r i a l s  arid Equipment Corporat ion ( Quar te r ly  Prog-ress Report, 

December 1966). The curves i n  Fig.  7 .1  may be used ;or t h e  e s t ima t ion  

of iod ine  gas r e l e a s e  from U02 fuels  during sh ipping  acc iden t s ,  and the 

curves may be extended f o r  lower temperatures  For temperatures  $reate?- 

than  2200°C t h e  r e l e a s e  o€ i od ine  approaches 100%. 

I n t e r n a t i o n a l  Symposium 

A l e t t e r  w a s  submit ted t o  AEC-OR0 from Union Carbide Ccrporation 

o f f e r i n g  t o  a c t  as hos t  f o r  a Second I n t e r n a t i o n a l  Symposium on t h e  Trans- 

p o r t a t i o n  md Handling of  Radioact ive Mate r i a l s .  Some groundwork was l a i d  

i n  a n t i c i p a t i o n  of t h e  UC ' s  approval .  We expect  t o  a t t r a c t  approximately 

&XI people  t o  t h e  meeting, and, consequently, we  have arranged t o  o b t a i n  

t h e  C iv ic  Auditorium at  Gat l inburg  for October 14-18, 1968. This should 

g ive  us s u f f i c i e n t  time t o  organize an e x c e l l e n t  program cover iag  all as- 

p e c t s  of t h e  t r a n s p o r t a t i o n  bus iness .  

' G .  W. Parker  e t  al., Out of P i l e  S tud ie s  of F i s s ion  Product  Releasp 
Prom Overheated Reactor Fuels  a t  OEWL 13551965, USAEX Report OlUL-3981, 
Oak Ridge Nat iona l  Laboi-atorg, J u l y  1967. 
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Fig. '1.1. P c x e n t  Iodine Release from UOz by Dif fus ion  i n  5 . 5  hr  
as a Function of Reactor Operating Temperature. 
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7.5 COMPUTER " D L I N G  OF F8ACTOR DATA FOR SRFETY (CXOnCS) 

(AEX A c t i v i t y  04 60 70 01 1) 

W. E.  Browning, Jr. D. W. Cardwell 

A computerized system i s  be ing  developed f o r  s to rage  and r e t r i e v a l  

of design, cons t ruc t ion ,  and ope ra t ing  s a f e t y  c h a r a c t e r i s t i c s  of nuc lea r  

r e a c t o r  f a c i l i t i e s ,  pa : r t ic i i la r ly  those  of g r e a t e s t  c u r r e n t  i n t e r e s t  t o  t h e  

AEC Div is ion  of Reactor Licensing.  

S t r u c t u r i n g  of  information f o r  computer inpu-t i s  cont inuing  for a reas  

of containment, s a f e t y  c o n t r o l s ,  design b a s i s  acc iden t ,  and. containment 

cool ing  system on t h e  f i r s t  seven water-cooled power r e a c t o r s .  Some p r e -  

l imina ry  assessment i s  be ing  made of t h e  degree of  a v a i l a b i l i t , y  of p e r t i -  

nent  data from s a f e t y  a n a l y s i s  r e p o r t s  (SAR's). Considerable  e f f o r t  i s  

being devoted t o  r e c o n c i l i n g  th.e opposing requirements  growing ou t  of t h e  

need for s p e c i f i c  information on each of a l a r g e  v a r i e t y  of r e a c t o r  sys -  

tems on t h e  one hand and t h e  need €or simple, e f f i c i e n t  r e t r i e v a l  of  i n -  

formation on t h e  o t h e r .  Seve ra l  approaches a r e  be ing  employed toward t h i s  

end. The f i r s t  i s  t o  i n s u r e  tha,t only info-Lmat,lon t h a t  i s  t h e  most impor- 

t a n t  and i s  l i k e l y  t o  be used i n  sa.fety evaluati .ons i s  included. This i s  

being accomplished by t h e  a p p l i c a t i o n  of  engineer tng  judgment i n  o r i g i n a l  

formula t ion  and by i n t e r n a l  and AEC revtew of t h e  informat ion .  

Another approach t akes  advantage of t h e  s e l e c t i v i t y  t h a t  i s  p o s s i b l e  

dur ing  computer r e t r i e v a l .  Information i s  selected.  according t o  c r i t e y i a  

of s u b j e c t  ma t t e r  or content  t h a t  r e f l e c t  t h e  needs of the u s e r .  For ex- 

ample, a u s e r  concerned wi th  a c e r t a i n  component, of a nuc lea r  p l a n t  w i l l  

see d a t a  on only  t h a t  component. As another  example, a u s e r  eva lua t ing  

a new r e a c t o r  may be p re sen ted  wi th  only  t h a t  p a r t  o f  t h e  d a t a  d i f f e r i n g  

from t h a t  of a s i m i l a r  r e a c t o r  p rev ious ly  eva lua ted .  Data drawn from 

SAX'S a r e  en.tered i n t o  t h e  computer memory wi th  des igna ted  ranges of sig- 

n i f i c a n c e  appropr i a t e  t o  i n d i v i d u a l  c a t e g o r i e s  Such des igna t ion ,  and. 

t h e  accompanying computer program, o f f e r  a r a p i d  comparison opt ion  t o  PO-- 

t e n t i a l  u s e r s  of t h e  system. Th.e program for accomplishing such c~inpara-  

t f v e  searches  has been checked ou t  and i s  now o p e r a t i o n a l .  T'nis opt ion  

makes it p o s s i b l e  t o  scan l a r g e  volumes of CHOBDS informat ion  and t o  l i . m i t  

i n i t i a l  readout  t o  items where s i g n i f i c m t  d i f f e r e n c e s  occur e i t h e r  between 
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da.ta from s e v e r a l  r e a c t o r s  o r  between d a t a  r ep resen t ing  d i f f e r e n t  condi- 

t i o n s  wi th in  a - ing le  r e a c t o r .  

Ce r t a in  data drawn from SAR's must be l i s t e d  i n  alphameric or alpha- 

numeric (as opposed t o  numerical)  express ions .  Considerable e f f o r t  i s  

being concent ra ted  on t h e  most e f f i c i e n t  forms t h a t  can be used f o r  such 

express ions .  Progress  has been made i n  de r iv ing  forms t h a t  reduce volume 

and s tandard ize  terms t o  encourage r a p i d  comparison between i n d i v i d u a l  

c h a r a c t e r i s t i c s  of  d i f f e r e n t  r e a c t o r s .  A s  a r e s u l t  of s e l e c t i v i t y  during 

r e t r i e v a l ,  t h e  use r  need not  be aware of  'che mass of  d a t a  ou t s ide  h i s  

needs 

Other approaches involve var ious  techniques f o r  r e f i n i n g  and con- 

densing data p r i o r  t o  e n t r y  i n t o  t h e  computer f i l e .  This e f f o r t  i s  ex- 

pected  t o  rzsu1.t i n  a system t h a t  w i l l ,  as simply and e f f i c i e n t l y  as prac-  

t i c a l ,  r e t r i e v e  t h e  data need.ed by each of a v a r i e t y  of s p e c i a l i z e d  u s e r s .  

Coding and punched ca rd  e n t r y  i n t o  a c e n t r a l  computer has been s t a r t e d  

f o r  c h a r a c t e r i s t i c s  and data i n  t h e  a r e a  of r e a c t o r  containment.  Program- 

ming language t o r  i n i t i a l  quer ies  i s  under development, and some very  pre-  

l iminazy t r i a l s  have been made t o  determine t ech l iques  t h a t  may be most 

e f f i . c i e n t l y  employed f o r  comparative searches  of t h e  data bank. It i s  

expected t h a t  t h i s  development of  query techniques wj.I-1- be  a gradual ly  

evolving process .  

A study w a s  i n i t i a t e d  t o  devise  methods f o r  c o l l e c t i o n  of  equipment 

performance d a t a  from opera t ing  nuc lea r  power p l a n t s  f o r  computer s to rage  

d i r e c t e d  toward r e l i a b i l i t y  a n a l y s i s  a Discussions he ld  on t h i s  sub jec t  

w i th  r e p r e s e n t a t i v e s  of var ious  AEC d i v i s i o n s  show a h igh  degree of i n -  

' t e r c s t  i n  t h e  p o t e n t i a l i t i e s  o f  such a program as a nzeans of s i g n i f i c a n t l y  

b e n e f i t i n g  jrnany a reas  of r e a c t o r  s a f e t y .  
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7.6 RDT REACTOR STANDRw)S 

( A E C  A c t i v i t y  04 60 80 03 1) 

R. A. Schmidt 

The RDT Standards Program was  e s t a b l i s h e d  t o  provide an  ex tens ive  

engineer ing  foundat ion f o r  AEC r e a c t o r  programs t o  a s su re  t h a t  r e a c t o r  

des igners ,  m a t e r i a l  s u p p l i e r s ,  f a b r i c a t o r s ,  b u i l d e r s ,  and ope ra to r s  wi1.I 

be appr i sed  of c u r r e n t  proven technology f o r  t h e  design and constru.cti.on 

of s a f e ,  r e l i a b l e  r e a c t o r s .  A Large p a t  of t h e  e f f o r t  will be d i r e c t e d  

toward t h e  p r e p a r a t i o n  of design meth.odology guides  for components, i n -  

c luding  v e s s e l s ,  p i p i n g  sys tem,  and engineered safeguards .  The Standards 

Program w i l l  draw on both  f avorab le  and unfavorable  experience and suc- 

c e s s f u l  developments emanating from programs f o r  r e a c t o r s ,  systems, corn- 

ponents, and m a t e r i a l s  w i th in  t h e  AEC and elsewhere * Immediate e f f o r t s  

a r e  being d i r e c t e d  toward a s s i s t i n g  AEC, i t s  l a b o r a t o r i e s ,  and i t s  con- 

t r a c t o r s  through coopera t ive  e f f o r t s  as r eques t s  and c u r r e n t  needs a r i s e  - 
Long-range plans inc lude  p repa ra t ion ,  d i s t r i b u t i o n ,  and cont inuous up- 

d a t i n g  of s tandards  t o  be used fo r  pending and f u t u r e  r e a c t o r s .  OPNC w i l l  

coo rd ina te  t h e  inco rpora t ion  of s t anda rds  t h a t  are being  prepared. and 

d i s t r i b u t e d  at s e v e r a l  sources under f i R C  auspices  i n t o  the I@T Standard-s 

Program. 

Progr ax& Organizat ion 

S e l e c t i o n  and assignment of  OElpJL personnel  to staff  t h e  Standards 

Group were a c c e l e r a t e d  i n  order  t o  proceed wi th  t h e  program as it w a s  

p re sen ted  i n  proposa ls  t o  t h e  AEC and s ta ted.  i n  a l e t t e r  from DHDT. A r -  

rangements a r e  being made t o  o b t a i n  i n p u t  from o t h e r  AB2 l a b o r a t o r i e s ,  

c o n t r a c t o r s  and o f f i c e s  f o r  t h e  preparat ion.  of s t anda rds  where pa-rallel 

a c t i v i t i e s  a r e  be ing  c a r r i e d  on a t  those  i n s t a l l a t i o n s .  A survey GELS 

a l s o  i n i t i a t e d ,  i n  coopera t ion  wi th  t h e  NSIC and AEC, i n  which t h e  RDT 

Standards Group w i l l  review r e p o r t s  from c u r r e n t  a c t i v i t i e s  where i n f o r -  

mation r e l a t i v e  t o  r e a c t o r  s tandards  may be obta ined .  

Prel imfnary d i scuss ions  were i n i t i a t e d  with s e v e r a l  engineer ing  con- 

s u l t a n t  o rgan iza t ions  tha t  a r e  experienced i n  s p e c i f i c  phases of r e a c t o r  

engineer ihg .  Con t rac t s  wi.11 be arranged t o  o b t a i n  a s s i s t a n c e  where the 
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needs of t h e  program requi-re 

New York, i s  p r e s e n t l y  conducting a survey and prepar ing  a l i s t  of s t a n -  

da,rds and c l a s s i f i ca , t i on  of components r equ i r ed  f o r  primary coolan t  sys-  

tems f o r  PWR's and BWR's and i s  a l s o  working on eva lua t ion  and recommen- 

da t ions  f o r  updat,ing an e x i s t i n g  design manual. 

United Nuclear Corporation of ElmsYord, 

Stand-ards Prepara t ion .  Seve ra l  e x i s t i n g  pre l iminary  s tandards  were 

examined t o  se rve  as poss ib l e  bases  for an RDT r e a c t o r  p r o t e c t i o n  i n s t r u -  

ment system s tandard ,  and recommendations were t r ansmi t t ed  t o  DRDT. None 

of the s tandards  reviewed a r e  considered adequate i n  t h e i r  p r e s e n t  form. 

Future work w i l l  fu r t ,her  cons ider  t h e  e x i s t i n g  s tandards  as they  evol.ve, 

o r  a new stand-ard w i l l  be prepared i f  necessary.  

P repa ra t ion  of d ra fbs  Tor t e n t a t i v e  s tandards based on s p e c i f i c a t i o n s  

pro-vided by AEC cont inued during t h e  repor-t pe r iod .  R t o t a l  of 69 docu- 

mentx has been submi.tted. t o  DBDT f o r  review. Seve ra l  s tandards  were ap- 

proved by DRDT f o r  d i s t r i b u t i o n  as " t e n t a t i v e , "  two of e h i c h  were i-ssued 

t o  AEC r e a c t o r  program pa r t i c i -pan t s .  

Spec ia l  S tud ie s .  R pre l iminary  review was made of malfunct ions caused 

by vibration-i .nduced tube damage i n  hea t  exchangers i n  AEC-sponsored r e -  

a c t o r s .  

w i t h  t h e  var ious  r e a c t o r  i n s t a l l a , t i o n s  . 
t i .ons based on t h e  l i m i t e d  s tudy  were t r ansmi t t ed  t o  DHDT. 

of - th i s  probl-em a r e  cont inuing  f o r  t h e  a s s i s t a n c e  of c u r r e n t  reac- tor  pro- 

granls a d  for i nco rpora t ion  i n  hea t  exchanger s tandards ,  which w i l l  be 

prepared at a 3.ater d a t a .  A-t t h e  recpes-t of t h e  AEC, ORNL reviewed t h e  

A T E - A C E  document e n t i t l e d  " Inspec t ion  and. Test ing  Requirements for t h e  

Reactor Coolan-L System and Cer ta in  Associa,ted Systems of  Nuclear Power 

Reactors ."  

the evalua t ion  OF t he  proposed requirements Bur v e r i f i c a t i o n  of t h e  i n -  

t e g r i t y  of a r e a c t o r  throughout i t s  ope ra t ing  l i f e  through scheduled non- 

d e s t r u c t i v e  in spec t ions .  

Much of t h e  information :ias provided by key personnel  a s soc ia t ed  

A b r i e f  sumniary and recommend%- 

I n v e s t i g a t i o n s  

A commentary was prepared and submit ted t o  DRDT t o  assist  i n  
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7.7 SAF'ETY STUDIES FOR MOLTEN-SALT BREEDER REACTOKS 

( A E C  A c t i v i t y  04 60 130 03 1) 

R .  B. Hriggs E .  S. R e t t i s  
A. M. Pe r ry  J.  B. Nichols 

H.  F. McCvffie 

S tud ie s  are under way t o  0btai.n a b a s i s  f o r  eva lua t ing  t h e  s a f e t y  

of mol t en - sa l t  b reede r  r e a c t o r s  

S a l t  Reactor Experiment and encouraging r e s u l t s  from eva lua t ions  of de- 

s i g n s  f o r  l a r g e  mol t en - sa l t  power breeder  r e a c t o r s  have l e d  t o  j.nclusion 

o f  a program f o r  t h e i r  development i n  the  "high-gain" breeder  secti.on of  

t h e  A X ' S  C i v i l i a n  Power Reactor  Progmm. Molten-sal t  r e a c t o r s  a r e  innique 

i n  t h a t  t h e  f u e l  i s  a l i q u i d  a.t t h e  h igh  ope ra t ing  temperature  and i s  

pumped through t h e  r e a c t o r  core and through cool ing  and process ing  c i r -  

c u i t s  e x t e r n a l  t o  t h e  r e a c t o r  v e s s e l .  Thei r  s a f e t y  c h a y a c t e r i s t i c s  may 

be more favorable  o r  l ess  favorable  than  those  o f  gas-, w3.ter-, and l i q -  

uid-metal-cooled r e a c t o r s  but,  i n  genera l ,  a-re cons iderably  di.fferer1.l;. 

Yae a n a l y t i c a l  and experimental  work of  t h e s e  safety s t u d i e s  is, t he re -  

fore ,  e s s e n t i a l  t o  f u r t h e r  developnient of  t h i s  type of power r e a c t o r .  

Successfu l  operat ion.  of t he  Moltzn- 

The s a f e t y  s t u d i e s  inc lude  design, a n a l y t i c a l ,  and expertrneiztal work 

and involve s t u d i e s  of  r e a c t o r  dynamics and s t a b i l i t y ,  eva lua t ion  o f  r e -  

quirements f o r  emergency shutdown and cool ing  systems, c a l c u l a t i o n  of  t he  

e f f e c t s  of f a i l u r e  o f  equipment i n  t h e  r e a c t o r  primary and secondary c i r -  

c u i t s  ( i n c l u d i n g  effects  of  mixing of  in te rmedia te  coolan t  wi th  f u e l  and 

b l anke t  salts) ,  and s t u d i e s  of f i ss ion-produc- t  d i s p o s i t i o n .  Analyses o f  

t h e  f i s s ion -p roduc t  i n v e n t o r i e s  i n  t y p i c a l  p l a n t s  and t h e  e f f e c t  th.at  the 

proposed r ap id  fue l -process ing  r a t e  w i l l  have on s a f e t y  cons ide ra t ions  

w i l l  be s tud ied .  Small-scale  experimen-La1 work on the  r e l e a s e  of f i s s i o n  

products  from su r face  d e p o s i t s  and from s a l t  under acc ident  condi t ions  i s  

planned . 
This i s  t h e  f i r s t  bimonthly r e p o r t  on t h i s  program. Since t h e  pro- 

gram i s  new t h i s  year ,  t h e  e a r l y  p a r t  of t4he yea r  will be spent  i n  g e n e r a l  

a n a l y s i s  of the s a f e t y  of mol ten-sa l t  b reeder  r e a c t o r s  a :ihese s t u d i e s  

w i l l  be  followed by more d e t a i l e d  a n a l y s i s  o f  spee i . f ic  problems and by 

exper imenta l  work 
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Reactor Dynamics 

The use of a l i q u i d  f u e l  t h a t  i s  c i r c u l a t e d  through the  h e a t  ex- 

changer system l e a d s  t o  s a f e t y  cons ide ra t ions  i n  an MSBR p l a n t  t h a t  d i f f e r  

cons iderably  from those  i n  the  more convent ional  water r e a c t o r  p l a n t s .  

The f u e l  is  a l r eady  a t  h igh  enough temperature  t o  be molten, bu t  the  pres -  

sure  i s  low, f i s s ion -p roduc t  burdens are low, and no v i o l e n t  chemical re -  

a c t j ~ o n s  can occur  on mixing of  t he  f l u i d s  wi th  each o t h e r  o r  wit'n the en- 

vironment,  

A s a f e t y  a n a l y s i s  w i l l  begin f o r  a t y p i c a l  MSBR p l a n t  i n  o rde r  t o  

def ine  c r i t e r i a  f o r  design o f  p l a n t s  t o  meet AEC s tandards  of  s a f e t y .  A t  

t h e  beginning o f  t he  ana lys i s ,  t he  s a f e t y  c r i t e r i a  will be e s t a b l i s h e d .  

Then, cu r ren t  designs o f  MSBK p l a n t s  w i l l  be s tud ied  and acc iden t s  t h a t  

have sa.fety irnplica.tions w i l l  be descr ibed .  The type and degree of con- 

tajnment r equ i r ed  and ot,her means t h a t  n i i i s t  be provi-ded t o  prevent  these 

acc iden t s  from impor tan t ly  a f f e c t i n g  the  h e a l t h  and s a f e t y  of the pu'olic 

w i l l  be s p e c i f i e d .  S tud ie s  w i l l  then  be s t a r t e d  t o  examine how the  p l a n t s  

cai? be designed to  s a t i s f y  t'he s a f e t y  c r i t e r i a  and how the  c r i - t e r i a  a f f e c t  

t he  c o s t  and o p e r a b i l i t y  of t he  p l a n t s .  

I n  analyzing the  s a f e t y  of  a n:iclear power p l a n t ,  one o f  t h e  major 

a r e a s  of concern i s  the  dynamic response t o  r e a c t i v i t y  f l u c t u a t i o n s ,  as 

we1.1 as nuc lear  t r a n s i e n t s .  Nuclear t r a n s i e n t s  can be introduced by vari- 

ous means, one o f  major concern being t h e  flow of  fuel i n t o  t h e  b l anke t  

region, which could conceivably occiir under some acc ident  condi t ions  . 
Likewise the condi t ions  under which small f l u c t u a t i o n s  i n  r e a c t i v i t y  could 

cause power osc i . l l a t i ons  t o  b u i l d  up t o  harmful magnitudes are of i . n t e re s t .  

Mol ten-sa l t  r e a c t o r s  have new f e a t u r e s  whose e f f e c t s  on dynamics cannot be 

p red ic t ed  q u a n t i t a t i v e l y  on t h e  b a s i s  of p a s t  experience.  For i-nstance, 

t h e  system w i l l  use c i r c u l a t i n g  233U f u e l .  

nega t ive  temperature  c o e f f i c i e n t ,  bu t  the  small de lay  f r a c t i o n  of 

w i l l  be reduced t o  an even smal le r  e f f e c t i v e  value by c i r c u l a t i o n .  Also 

the system i s  heterogeneous,  having c i r c u l a t i n g  fuel and blanket ,  and con- 

sequent ly  has  b u i l t  into i t  a v a r i e t y  of t i m e  delays,  inc luding  h e a t  t r a n s -  

fey- from g r a p h i t e  t o  fue l ,  f u e l  t r a n s p o r t  i n  core,  b l anke t  t r a n s p o r t  i n  

core, and o t h e r s .  

The f u e l  will have a prompt 
2 3 3 ~  



A t  f i rs t  a gene ra l  s tudy  w i l l  be made of  the  manner i n  which these  

f a c t o r s  affect  the  s t a b i l i t y  of a s i m p l i f i e d  p lan t  t o  e s t a b l i s h  ranges of  

i n t e r e s t .  Then a p re l imina ry  l i n e a r i z e d  a n a l y s i s  will be made of  c u r r e n t  

des igns  t o  o b t a i n  an i n d i c a t i o n  of t h e i r  s t a b i l i t y  c h a r a c t e r i s t i c s .  

Emergency Cooling Requirements 

Use of  l i q u i d  c i r c u l a t i n g  f u e l  makes t h e  emergency shutdown and cool- 

ing  requirements f o r  a molten- sa l t  r e a c t o r  cons iderably  d i f f e r e n t  from 

those of  r e a c t o r s  wi th  sol. id,  s t a t i o n a r y  f u e l s .  The f u e l  can be dra ined  

from t h e  r e a c t o r  t o  s t o p  t h e  nuc lea r  r e a c t i o n .  Spec ia l  means f o r  removal 

o f  decay h e a t  can be provided i n  t h e  d r a i n  tank  system. FissTon products  

a r e  removed from t h e  f u e l  cont inuously on s h o r t  cycles ,  so t h e  decay hea t -  

ing  i s  reduced. A s tudy  w i l l  be made t o  e s t a b l i s h  emergency shutdown and 

cool ing  requirements and t o  eva lua te  c u r r e n t  des igns .  

This y e a r  we w i l l  make a d e t a i l e d  s tudy  of the  d i s t r i b u t i o n  of  decay 

heat i n  a mol t en - sa l t  r e a c t o r  p l a n t  during ope ra t ion  and as a f-uncti-on of 

time a f t e r  shutdown. The decay h e a t  i s  produced by f i s s i o n  products  i n  

the  f u e l ,  i n  t he  of f -gas  system, i n  the  fuel-processi i ig  p l an t ,  and i n  de- 

p o s i t s  on the  i n n e r  wall of  equipment and p ip ing  and on the  g r a p h i t e  i n  

t h e  co re .  By making use of  t he  best chemical d a t a  and information from 

t h e  MSRE and from design s tud ie s ,  we w i l l  c a l c u l a t e  t h e  d i s t r i b u t i o n  of  

f i s s i o n  products  i n  t h e  r e a c t o r  and process ing  p l a n t  as a func t ion  o f  

t ime during -the 30-year l i f e  o f  a re ference  r e a c t o r .  These f i s s i o n -  

product  d i s t r i b u t i o n s  w i l l  then be converted i lr to heat-product ion d i s t r i -  

b u t i o n s  dur ing  power ope ra t ion  and as a func t ion  of time a f t e r  shutdown. 

Based on t h e s e  numbers, we w i l l  spec i fy  the amount and d i s t r i b u t i o n  of  

emergency cool ing  t h a t  must be provided f o r  a l a r g e  power s t a t i o n  of r e f e r -  

ence des ign .  

Coolant Mixing 

Designs f o r  mol ten-sa l t  b reeder  r e a c t o r s  g e n e r a l l y  have an interme- 

d i a t e  coolan t  f o r  t r a n s f e r r i n g  h e a t  from f u e l  and b l anke t  s a l t s  through 

an in te rmedia te  c i r c u i t  t o  w a t e r  i n  a s u p e r c r i t i c a l  steam genera tor .  The 

in te rmedia te  coolan t  i s  kep t  a t  h ighe r  p r e s s u r e  than  f u e l  and b l anke t  

salts so t h a t  coolan t  w i l l  l e a k  i n t o  t h e  r e a c t o r  c i r c u i t s  i f  one o r  more 
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h e a t  exchanger tubes f a i l .  Mixing wit'n t he  coolant  w i l l  produce changes 

i n  the  p r o p e r t i e s  of  f u e l  and b l anke t  s a l t s  and could a f f e c t  Lhc s a f e t y  

o f  t h e  reacbor .  

This yea r  we w i l l  examine re ference  designs of  components f o r  molten- 

salt breeder  r e a c t o r s  and e s t ima te  the  r a t e s  of  t r a n s f e r  of  coolaii t  i n t o  

f d e l  and b lanket  c i r c u i t s  f o r  f a i l u r e  of one and more tubes i n  t he  i n t e r -  

mediate h e a t  exchangers.  The r e s u l t i n g  changes and r a t e s  of change i n  

composition of fuel. and b l anke t  streams w i l l  be ca l cu la t ed  and used t o  

e s t ima te  t h e  nuc lea r  behavior  of  t he  r e a c t o r .  Laboratory s t u d i e s  w i l l  

be s t a r t e d  t o  determine t h e  e f f e c t s  o f  the  mixing on the  l i q u i d u s  p o i n t s  

of  f u e l  and b l anke t  s a l t s  and on the  behavior  o f  t he  uranium i n  the  f u e l  

s a l t .  

_I Fission-Product S tud ie s  

The ser iousness  of a major acc ident  i n  which f u e l  i s  s p t l l e d  through 

a break i n  a p ipe  i n  a mol ten-sa l t  r e a c t o r  depends on t h e  burden of fission 

products  j.n t he  sa l t ,  t h e  f r a c t i o n  r e l eased  from t h e  salt, and t h e  f r a c t i o n  

r e l eased  from depos i t s  on si i r faces  i n  the  r e a c t o r .  The d i s t r i b n t i o n  of 

f i s s i o n  products  i n  a re ference  p l a n t  w i l l  be ca l cu la t ed .  We a l s o  need 

-io determine the  amounts t h a t  would be r e l eased  i n  var ious  environments. 

%ais yea r  a small  appara tus  w i l l  be designed and assembled f o r  con- 

dac t ing  f i s s ion -p roduc t  r e l e a s e  s t u d i e s  i n  a con t ro l l ed  environment. The 

apparatu-s w i l l  be t e s t e d  i n  a semihot a rea  wi th  t r a c e  q u a n t i t i e s  of  rad io-  

zI?t;vity and w i l l  be modified until i.t performs s a t i s f a c t o r i l y .  it w i l l  

then  be prepared f o r  i n s t a l l a t i o n  ir. a. ho t  c e l l .  
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8. DIVISION OF TECHNICAL II'TFOKMA'I'ION 





1.07 

8.1 TECHNICAL PROGHESS HEVIEW NUCLEAR SAFETY 

(AEC A-ctivity 07 13 02 02) 

J. P. Blakely W .  B. C o t t r e l l  

Nuclear Sa fe ty  i s  a Technical  Pyogress Review prepared and e d i t e d  

a t  ORNL under c o n t r a c t  t o  t h e  USAEC. The Summer 1967 i s s u e ,  Nuclear 

Sa fe ty  8 ( 4 )  was d i s t r i b u t e d  on August 7. 

on t h e  q u a r t e r l y  schedule .  

It was t h e  last t o  be issued 

Nuclear Safeby 8( 5), Septeinber-October 196'7, had been i n  p repa ra t ion  

f o r  some time p r i o r  t o  i t s  r e c e n t  approval  as t h e  f i r s t  i s s u e  t o  be pub- 

l i s h e d  on t h e  bimonthly schedule .  It t h e r e f o r e  had t o  be  reduced i n  s i z e  

t o  more n e a r l y  conform t o  t h e  new average of 100 pages p e r  i s s u e .  

t o t a l .  y e a r l y  allowance remains a t  600 pages,  a l though p u b l i c a t i o n  f r e -  

quency was i nc reased  from q u a r t e r l y  t o  bimonthly. ) 
i n  some l o s s  of schedule ,  and f i n a l  copy l e f t  DTIE on August 31, wi th  

p u b l i c a t i o n  due around October 1. This i s s u e  w i l l  con ta in  1.16 pages.  

(Tine 

These changes r e s u l t e d  

E x t e r n a l  review of  the d r a f t  of t h e  November-December 1967 i s sue ,  

Nuclear SaFety 8( 6 ) ,  was completed, and responses  t o  comments were rece ived  

from aLI bu t  two authors .  Changes were submitted t o  DTIE by September 1 

f o r  all. b u t  t h r e e  a r -Lic les .  This j.ssu.e w i l l  con ta in  a r t i c l e s  by f o u r  ORNL 

au thors  m.d. s i x  au thors  f r o m  ou t s ide  t h e  Laboratory,  i nc lud ing  two from 

UKAEA. Pub l i ca t ion  is scheduled f o r  about November 1. 

Nuclear S a f e t y  7(1), January-February 1968, was d i s t r i b u t e d  f o r  r e -  

view i n  d r a f t  form on August 31 as OR?L-TM-1930. The Feature  A r t i c l e  t h a t  

had been ,submitted by D r .  E .  T e l l e r  w a s  t emporar i ly  withdrawn a t  Lhe r e -  

ques t  of  t h e  au thor .  Tine e x t e r n a l  review o f  OF&GTM-1930 should be com- 

p l e t e d  by October 1, and p u b l i c a t i o n  i s  scheduled f o r  January 1, 1968. 

A r t i c l e s  a r e  p r e s e n t l y  being rece ived  f o r  Nuclear S a f e t y  9( 2 ) ,  Feb- 

ruary-March 1968. The d r a f t  i s  scheduled f o r  e x t e r n a l  review begi .ni ing 

November 1, wi th  p u b l i c a t i o n  by Februmy 1. 

The workhg o u t l i n e  f o r  Nuclear Sa,fety 9( 3 )  was f i n a l i z e d ,  and au thors  

were n o t i f i e d .  

p o s s i b l e  au thors  a r e  p r e s e n t l y  being contac ted .  

A pre l iminary  o u t l i n e  for 9 ( d b )  was a l s o  devdoped,  and 
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