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ABSTRACT 

This report  is a summary  of the technical progress  made by 
Atomic Power Development Associates ,  Inc . ,  in the period January 
through March 1969, under AEC Contract No. AT (1 1-1) -865. The 
individual projects a r e  covered under the following headings: 

Sodium- Water Reaction Tes t  P rogram 
Projec t  Agreement No. 10 

Sodium Technology Projec t  
Pro jec t  Agreement No. 11 

Compilation of F e r m i  Experience 
Pro jec t  Agreement No. 15 
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SODIUM-WA TER REACTION TEST PROGRAM 

PROJECT AGREEMENT NO. 10 

SENIOR PROJECT ENGINEER: E.  C. KOVACIC 

PROJECT ENGINEER: H. V. CHAMBERLAIN 

PREFACE 

A. Background Information 

Achievement of the  LMFBR p r o g r a m  objectives i s  highly dependent 
on the  development of re l i ab le  s y s t e m  components.  With r e g a r d  to the  
c u r r e n t  s ta tus  of development,  the s t e a m  genera tor  i s  recognized to  be the  
weakes t  link in the heat  t r anspo r t  sy s t em.  The question of what occurs  in a 
s t e a m  genera tor  during a s  odium-water  react ion and how to ac c o l ~ ~ ~ m o d a t e  
such  a reac t ion  in the design has  been a p rob lem s ince  the  inception of 
sodium- and NaK-cooled r e a c t o r s .  The damage resu l t ing  f r o m  a reac t ion  
m a y  be caused by wa te r  leaks  of two genera l  ca tegor ies :  l a rge  leaks  and 
s m a l l  leaks .  Until r ecen t ly  de s igne r s  have been concerned with l a r g e  l eaks  
such  a s  those  resul t ing f r o m  the complete  c i rcumferen t ia l  rup ture  of a 
wa t e r  tube. However,  in  la te  1962 a s t e a m  genera tor  in the  E n r i c o  F e r m i  
Atomic Power  P l an t  ( E F A P P )  exper ienced a sodium-water  reac t ion  due to  
a tube fa i lu re  produced by vibration.  Subsequent examination of the unit 
indicated t ha t ' a  genera l  =o r ro s ion  had occu r r ed  in the a r e a  of the sodium- 
wa te r  reac t ion ,  producing wastage and fa i lure  of s o m e  of the  adjacent  
tubes .  I t  i s  not known a t  what s tage in the propagation of the  l eaks  the 
wastage occur red ;  that  i s ,  did t h e  wastage occur  a s  a r e s u l t  of the ini t iat ing 
leak,  o r  did it  occur  a.s a r e su l t  of the subsequent l e a k s ?  The quest ion 
r a i s ed  by th is  exper ience  c l ea r ly  indicate that  a sodium-water  reac t ion  pro-  
g r a m  should consider  both s m a l l  and l a r g e  leaks .  Subsequent to  the  E F A P P  
exper ience ,  the Br i t i sh  conducted s o m e  t e s t s  in which they found that  signifi-  
cant  tube wastage r a t e s  can be  incur red  with s m a l l  leaks .  

B. Scope 

This p r o g r a m  i s  re la ted  en t i re ly  to the  detection,  behavior ,  and 
effects of .sodium-water react ions  resu l t ing  f r o m  leaks  in s  odium-heated 
gene ra to r s .  A11 of the act iv i t ies  of th is  p r o g r a m  a r e  within the scope of the  
Components E lement  (Vol. 3)  of the LMFBR P r o g r a m  P lan  (WASH-1103). 
However,  some '  of the acti.vities in terface  with the Ins t ruments  and Cont ro l  



El emen t  (Vol. 4) of the  P r o g r a m  Plan.  With r e g a r d  t o  sod ium-wate r  
r e ac t i ons  in s t e a m  g e n e r a t o r s ,  the  emphas i s  in P r o g r a m  E lemen t  3 i s  on 
developing informat ion r e l a t ed  t o  mechan i sms  producing wastage and t o  
the  effect  of va r ious  s y s t e m  p a r a m e t e r s  and jet  . charac te r i s t i c s  on m a t e r i a l  
was tage ;  in P r o g r a m  Element  4 ,  the  emphas i s  i s  on evaluating and on 
demons t r a t i ng  l eak  detect ion s y s t e m s  which,  when used  in conjunction with 
r e ac t an t  i sola t ion and  r eac t i on  product  re l ief  s y s t e m ,  would min imize  
damage  to  the s t e a m  gene ra to r  and the  s econda ry  heat  t r a n s p o r t  sy s t em.  

The P r o g r a m  P l a n  s t a t e s  that  the development of economical ,  r e l i ab l e ,  
and s a f e  sodium-heated s t e a m  gene ra to r s  is  a  number  1 p r i o r i t y  i t e m  in the  
L M F B R  development  p r o g r a m ;  and a l l  ac t iv i t i e s  i n  P r o g r a m  E lemen t  3 tha t  
a r e  r e l a t ed  t o  s t e a m  genera to r  developm.ent s u c h  a s  sodium-watcr  r e a r t i o n  
s tud ies  a r e  a s s i gned  a number  1 p r io r i ty  ra t ing.  Thus ,  a l l  of the  ac t iv i t i e s  
curlducled here a r e  d l r ec t ed  toward accomplishing number  1 p r io r i ty  t a s k s ,  

A s  p a r t  of the  AEC p r o g r a m  of s t e a m  genera to r  development ,  a 
p ro jec t  was  ini t iated a t  APDA fo r  the purpose  of investigating both s m a l l  
and  l a r g e  l e aks .  A s e r i e s  of t e s t s  i s  being run  t o  

Es t ab l i sh  a m e a n s  of es t imat ing  the extent  of tube wastage dur ing  
a s m a l l  l e ak  of w a t e r  into sodium in a sodium-heated s t e a m  
gene ra to r  

De t e rmine  the dominant p a r a m e t e r s  of tube was tage  dur ing a 
smal ' l  w a t e r  l e ak  s o  tha t  these  p a r a m e t e r s  m a y  he taken into 
account  in the des ign of a unit 

6 Es t ab l i sh  the feas ibi l i ty  of va r ious  candidate l eak  detection 
s ys t e m s  . 

C. Relat ionship to  Other  P r o j e c t s  

This  p r o g r a m  i s  appl icable  t o  the development  of sodium-heated 
s t e a m  gene ra to r s  and t o  the technology of sod ium-wate r  reac t ions  in t h e  
LMFBR p rog ram.  Data genera ted  in the  p r o g r a m  wil l  be used to  p r e p a r e  
des ign  c r i t e r i a  and des ign  ana lys i s  p r n r ~ r l u r c s  for steam gene ra to r s  f r o m  
the  standpoint  of sod ium-wate r  reac t ions .  

Informat ion on the t e s t  p r o g r a m  and the r e s u l t s  t o  da te  a r e  ava i l -  
ab l e  in (1)  the proceedings  of the Sodium Components Development P r o g r a m  
Informat ion Meetings held  on Apr i l  14, 1964, in Hollywood, Cal i fornia ,  
and  on June  17, 1965,  in Chicago,  I l l inois;  (2)  APDA qua r t e r l y  technical  
p r o g r e s s  r e p o r t s  on AEC-sponsored  ac t iv i t i e s ;  (3)  a pape r ,  "An Investigation 

'of Tube Wastage Caused  by Sma l l  Leaks  of Wate r  in Sodium-Heated S t eam 
G e n e r a t o r s ,  ' I  p r esen ted  a t  the IAEA Symposium on Alkali  Metals  - Corros ion  
Studies and S y s t e m s  Operat ion Expe r i ence ,  held a t  Vienna, A u s t r i a ,  Nov'ember 



28 to December  2,  1966; (4) paper  t i t led "Leak Detection --  Sodium-Water 
React ions ' '  presented a t  The Symposium on Liquid Metal . Ins t rumentat ion 
and Control ,  held in Idaho F a l l s ,  Idaho, March  1-2,  1967; (5)  papers  t i t led  
"Surface Tempera tu r e  Measu remen t s  in Sodium-Water Reactions" and 
"Tube Wastage in Sodium-Water Reaction Tes t s"  p resen ted  a t  the Amer i can  
Nuclear  Society Winter Meeting held  in Chicage,  I l l inois,  November 5 -9 ,  
1967; (6)  paper  t i t led ,  "Sodium Heated S team Gene ra to r s ,  I '  p resen ted  a t  the  
Amer i can  Nuclear  Society National Topical  Meeting on F a s t  Reac tor  Sys t ems ,  
Ma te r i a l s ,  and Components held in Cincinnati ,  Ohio, Apr i l  2 -4, 1968; (7)  
paper  t i t led ,  "Wastage of S team Genera tor  Ma te r i a l s  by Sodium-Water Reac -  
t ions ,  " presented a t  ANL International  Conference on Sodium Technology 
and L a r g e  F a s t  Reac tor  Design,  held  a t  Argonne National Labora tory ,  
November 7-9, 1968. 

11. TECHNICAL PROGRESS 

A. Rig 10 Tube Wastage (Task  20) 

1. Test ing ( Job  03) 

The scope of th.e F Y  -69 p r o g r a m  i s  to conduct s i x  t e s t s  a t  wa te r  
injection r a t e s  l a r g e r  than 0. 01 l b / s e c ,  approaching 1 l b l s e c ,  (1)  to  c lea r ly  
conf i rm the  phenomenon of a dec rea s ing  wastage r a t e  that  was  observed 
beyond the injection r a t e  of 0'. 01 l b / s e c l  and (2) to  de te rmine  the effect  of 
gas  v e r s u s  wate r  a s  the t a rge t  coolant a t  the  l a r g e r ' l e a k  r a t e s .  

The t e s t  specification for the  s i x  t e s t s  t o  be conducted in Rig 10 
in FY-69 was completed,  and the tentat ive t e s t  conditions for  t he se  t e s t s  a r e  
p resen ted  in Table 1. The f i r s t  t e s t  of the c u r r e n t  t e s t  p r o g r a m ,  Tes t  No. 40,  
was  conducted successful ly  on March  28. A pre l iminary  evaluation of the  
t e s t  data  indicates that  the  actual  conditions for  th i s  t e s t  c losely  approached 
those  l i s t ed  in the table.  A s u m m a r y  of the  ac tua l  t e s t  data  and r e su l t s  wil l  
be r epo r t ed  in the next qua r t e r l y  r epo r t .  

The t e s t  i tself  r a n  quite smoothly;  however ,  s o m e  problems w e r e  
encountered dur ing prepara t ion  fo r  test ing.  These  we re  p r i m a r i l y  of a 
na ture  a t t r ibutable  to  no rma l  s t a r t -up  difficulties for  a faci l i ty  which has 
been inactive for  a long period of t i m e  (1 year ) .  Difficulty was  encountered 
in es tabl ishing sodium flow through the  cold t r a p  a f t e r  the  t e s t  r i g  was  
filled with sodium. Flow through the  cold t r a p  was es tabl ished by s e l ec -  
t ively heating local  a r e a s .  Following initiation of flow through the  cold 
t r a p ,  10 hours  of cold-trapping was  requ i red  to lower  the p'lugging t e m p e r a -  
t u r e  of the sod ium to  l e s s  than 400 F s o  that  the t e s t  could be conducted. 



TABLE 10. 1 - 'TENTATIVE TEST CONDITIONS FOF- TES'rS TO BE 
C3NDLi-ZTED IN THE PEF-IOD MARCH THROUGH JUNE 1969 

Leak Rate ,  l b l s z c  

Injection Nozzle to  Ta rge t  Tube Spacir-g, in. 

Ta rge t  Tube Mater ia l  

Quantity of Water  Injected,  '-b 

Es t imated  Duration of Injection, s e c  

Sodium and Injection Water  Tempera tu r e ,  F 

Injection Water  P r e s s u r e ,  psig 

Fluid in Ta rge t  Tube 

P r e s s u r e  of Fluid in Ta rge t  Tube, psig 

Sodium Flow, gprn 

Init ial  Sodium Co,ver Gas P r e s s u r e ,  ps ig 

Sodium Mead Above Injection Point ,  f t  

Tes t  Number  

40 - 41 - 4 2 - 43 - 44 - 45 - 

(1. 0 1 0 . 1  0.5 . 1.0 0 . 1  1 . 0  

Sta g m ~ t  Circulating - -+ - 
Nitrogen Water  

100 800 100 100 2650 2650 



2. Tes t  Analysis  ( Job  04) M. K. Deora  
H. V. Chamberla in  

The scope of th is  job. i s  to  pe r fo rm addit ional  detai led ana lyses  
of a l l  P r o j e c t  10 data to  (1) provide a be t te r  understanding of the m a t e r i a l  
wastage phenomenon, (2)  de te rmine  the m o s t  meaningful cor re la t ion  of the  
da ta ,  and (3) provide guidance for  the  exper imenta l  p r o g r a m  to  be conducted 
in FY-70. 

Planning of work  was completed and the  f i r s t  phase of the job, 
that  of verifying the conclusions drawn with r e spec t  to  the  significance of 
leak r a t e ,  nozzle- to- target  spacing,  sodium velocity pas t  the t a rge t  tube,  
and duration of l eak ,  was  initiated. 

3 .  Design,  P rocu remen t ,  Fabr icat ion 
and Instal lat ion ( Job  12) 

Severa l  modifications to Rig 10 a r e  r equ i r ed  to provide the r i g  
with the capabil i ty of injecting wate r  in quanti t ies g r e a t e r  than 1. 3 l b  and 
a t  r a t e s  exceeding 0. 10 l b / s e c  which a r e  requ i red  in the  c u r r e n t  t e s t  p ro-  
g r am.  A new wa te r  injection s y s t e m  has been designed with the capaci ty  
t o  inject  the  requ i red  quantity of wate r .  The ve s se l  i s  designed for  a p r e s  - 
s u r e  of 3000 psig a t  1050 F and a capacity of 25 lb  o f .wate r  a t  600 F and 
2650 psig. Fabr icat ion of the v e s s e l  and sect ions  o.f the  piping for  the in-  
jection s y s t e m  has been completed and instal lat ion a t  Rig 10 has  begun. 

Additional capaci ty  i s  a l s o  requ i red  for  the h igh-pressure  nitrogen 
pressur iza t ion  s y s t e m  in o r d e r  to  provide the p rope r  injection p r e s s u r e  
throughout the t e s t  for  the  i nc r ea sed  leak r a t e s  which will  be run  dur ing the 
c u r r e n t  t e s t  p rogram.  A new five-bottle header  including regu la to r  for  
6000 psi  ni trogen has been o rde red  and will  be de l ivered  to  the t e s t  facil i ty 
and instal led in Apri l .  

It  i s  expected that  significant  wastage of tubes other  than the 
t a rge t  tube m a y  occur  a t  the  high leak  r a t e s  to  be used in the c u r r e n t  t e s t  
p r b g r a m .  In o r d e r  to provide a uniform indication of th is  damage which can 
be compared  to  wastage occur r ing  on the t a rge t  tube,  the  s ta in less  s t e e l  
and 5 C r - 1  Mo tubes n e a r  the  injection a r e a  in the row behind the  2-114 
C r - 1  Mo t a rge t  tube will  be replaced with 2-1/4 C r - 1  Mo. 

B. Rig 43 Tube w a s t a g e  (Task  21) G. H. Reicks  
J ,  A .  F o r d  

All  ac t iv i ty  on th is  t a s k  was stopped and no other work i s  planned 
for  the  r ema inde r  of FY-69. 



C. L e a k  Detection ( T a s k  22) S. Barkhoudar ian 
C .  C.  Scot t  

The scope of the  acous t i c  detect ion p r o g r a m  i s  t o  e s t ab l i sh  the 
feas ib i l i ty  of this  technique for  detect ing s m a l l  l eaks  of wa t e r  o r  s t e a m  into 
sod ium.  P r e l i m i n a r y  acous t i c  data obtained in Rig 10 tube was tage  t e s t s  
conducted dur ing  FY-68 did show that  a  detectable  noise  l eve l  above the 
background noise  ex i s ted  dur ing  the injection of the wa t e r  into sodium.  The 
scope  of the FY-69 p r o g r a m  i s  (1) p e r f o r m  a deta i led  ana lys i s  of the acous t i c  
data  obtained in Rig 10 dur ing  FY-68,  and (2) obtain addit ional  acous t i c  data  
f r o m  Rig 10 dur ing the  was tage  t e s t s  that a r e  t o  be conducted in  FY-69 .  

1. T e s t  Planning,  A c o u s t i c l 2 1 2 )  
. .. . . 

A plan was wr i t t en  i o r  a cq~ l i s i t i nn  a n d  analysiti of a c o u ~ t i e  data  
tha t  wi l l  be obtained in conjunction with the  Rig 10 wastage t e s t s  tha t  a r e  
planned fo r  the  r e m a i n d e r  of FY -1969. The plan includes a p r e l im ina ry  
invest igat ion of the s ignif icance of the location o f  the  noise  s e n s o r s  re la t ive  
t o  t he  l e ak  location.  Studies w e r e  made to  de t e rmine  the  appropr ia te  l oca -  
t ions  on the Rig 10 fac i l i ty  f o r  mounting of acous t i c  t r a n s d u c e r s ,  and the 
fullowlng locations w e r e  specif ied:  (1)  one t r an sduce r  on a waveguide 
i n se r t ed  through the  top f lange of the reac t ion  ve s se l  and t e rmina t ing  in the 
pool of sod ium located above the  tube bundle, (2)  two t r a n s d u c e r s  on the 
s i de  of the  reac t ion  v e s s e l  a t  the s a m e  elevation a s  the reac t ion  zone,  and 
( 3 )  one t r an sduce r  on the  outlet  valve f r o m  the reac t ion  v e s s e l  (See Fig.  10. 1) .  

2.  Tes t ing (Job 13) 

Acoust ic  - t r an sduce r  mountings des igned and fabr ica ted  for Rig  1.0 
a r e  shown in F igu re  10. 2. The  t r a n s d u c e r s  a.re tightly coupled to the s t e e l  
mount ing rods  using bolted c l amps  with a high t e m p e r a t u r e  g r e a s e  between 
the  bot tom of the t r a n s d u c e r  and  t h e  tnp of the  rod.  The s too l  mount i i~g  rod  
on the  she l l  of the v e s s e l  i s  a t t ached  using a complete  penetrat ion weld ,  
while the  mounting rod  on the  outlet  valve i s  welded t o  a plate tha t  i s  fas tened 
t o  the  valve with a bolt.  Th.ree Edo 100-kHz t ranoducera  and clue E ~ ~ d e v c o  
30-kHz t r a n s d u c e r  w e r e  mounted in va r ious  positions of Rig  10, a s  shown on 
F ig .  10. 2 .  

During was tage  t e s t  No, 40 ( s e e  Table  10. l ) ,  the  output of t h e se  
t r a n s d u c e r s  and  t he i r  f i l t e red  outputs (15-kHz, h igh-pass)  w e r e  taped on 
s even  channels  of t he  100-kHz tape  r e c o r d e r ,  By the end of the  r e p o r t  
pe r iod ,  the  output of the record ings  had been inspected,  using a n  osci l lo-  
s cope  and ea rphones .  

i 



3 .  Test  Analysis (Job 14) 

a .  Description of Analysis Equipment 

Analyses of the Rig 10 acoustic data recorded in the late 
FY-1968 tes t s  (No. 30-39) were  made to  determine a character is t ic  spec-  
t r u m  of water leaks into sodium. The acoustic data for these t e s t s  had 
been recorded on an Ampex tape r eco rde r ,  with a .frequency range of 8 kHz 
a t  3 .  75 ips and 10 kHz a t  7. 5 ips ,  using an Endevco acce lerometer  No. 
2217E and General Radio preamplifier No. 1560. The pertinent conditions 
for these tes t s  a r e  given in Table 10. 2 .  Each t e s t  recording includes the 
following sections: narrat ive description, pump and motor background 
noise,  water injection into sodium noise, and backup gas flow noise. 

A Federa l  Scientific No. VA- 6 real- t ime,  high-resolution 

spectrum analyzer;  a Federa l  Scientific No. 129H stat is t ical  averager ;  
an  X -  Y plotter;  and a 100-kHz, 7-channel, 1-inch acoustic tape recorder  
were  acquired fo r  performing the analysis of the data. The existing 1/4- 
inch low-frequency acoustic tapes used during the Rig 10 tes t s  were  r e -  
taped on the 1-inch tape r eco rde r  for ease  of analysis .  In most  of the 
t e s t s ,  various combinations of instrument control settings were t r ied on 
vari-olis segments of the tapes to a r r i v e  a t  an  overal l  optimum setting. 

The interconnections of the various. instruments  a r e  shown 
on Fig.  10.3.  The output of the Sangamo acoustic tape recorder  feeds 
simultaneously to the analyzer and the earphones; the output of the ana-  
lyzer  feeds directly to the averager ;  and the output of the averager  feeds 
simultaneously to the oscilloscope and the X-Y plotter.  To record  in- 
stantaneous spec t rograms,  a high- speed optical recorder  (Visicorder) ,  
which required a buffer amplifier,  was used. 

b. System Geometry 

Of importance in evaluating the resu l t s  of the noise analysis  
i s  knowledge of the geometry in the reac tor  zone. F ig .  10. 4 is  a schematic 
of a c r o s s  section of the Rig 10 tube bundle showing the pertinent dimen- 
sions and relative location of the injection nozzle, the target  tube, and one 
of the t ransducers .  In addition to the noise generated by the injection of 
the water  into the sodium a r e  the background flow and mechanical noises .  
F ig  10. 5 i s  a schematic of the Rig 10 system showing the relative loca- 
tion of the reaction zone, the t ransducers ,  and the external  mechanical 
noise source  (the sodium pump). This p u k p  is a single-stage, centrifugal- 
type NH-1- 1A-Z401 made by All is-Chalmers  with 7 vanes and i s  dr iven by 
a 3600. rpm induction motor .  



TABLE 1 0 . 2  - PHYSlCAL DATA ON RIG 10 LEAK 'TESTS 

'Test Number 

Sodium Sys tem 
Flowra te ,  gpm 
Velocity pas t  t a rge t  tube,  I;/sec i 
Bulk Tempera tu r e ,  F 

Injection Water  System 
Water added,  lb  
Tempera tu r e ,  F 
P r e s s u r e ,  psig 

+ Orifice s i z e ,  (nominal)  in. 
0 

Injection point-to-target spacing,  in .  
03 

Injection durat ion,  s e c  
Injection r a t e ,  l b / s e c  

Recirculatjng Water  s y s t e m  
P r e s s u r e ,  psig 

39 Low-Flow - 

0. 96 0. ?6 0. 197 0.20 0 .49  C ont. 
605 61 5 600 680 680 535 

2650 2650 2650 2900 2900 785 
0 .043 0.016 0. 010 0. 010 0. 014 0 . 0 1 4  

1 / 4  1 -9 /32  114 : 114 114 114 
11 42. 1 20. 9 60;: 74* Cont. 

0.087 0.0233 0 .0094 0.0033 0.0066 ' 0 .00008 

2650 1 o*.+ 2650 2650** 2650":: None 

.I. 

I' Tubes completely penetra ted in 53 seco r~ds .  Tube wal l  w a s  0. 120- in .  thick. 
4. -9. 

-,,' Tes t  was  run  with stagnant r i - rogen in the t a rge t  tube instead of rec i rcu la t ing  wate r .  



c .  Analytical Considerations 

When the output of the frequency analyzer  i s  d i rec t ly  viewed 
on the oscil loscope,  consecutive t r a c e s  a r e  seen  on the s c r e e n  every  50 
mill iseconds.  A look a t  these t r a c e s  reveals  that what s e e m s  to  be s teady-  
s ta te  to  the e a r  (say,  the background noise of pump and motor ,  e t c . )  i s  
actually fluctuating haphazardly,  and i s  very  rapid and nonrepetitive both in 
amplitude and in frequency. This fac t ,  which is  due to  the averaging t ime of 
the a u r a l  and visual s enses ,  makes  the visual rea l - t ime  spec t r a l  analysis  
of the acoustic data a lmos t  impossible.  To overcome this ,  the ave rage r  is  
used which adds many t r a c e s  together ,  thus diluting the effect of random 
noise and amplifying the r ecu r ren t  signal noise. The ave rage r  a l s o  has a n  
input f i l t e r  with variable t ime constants that can be used to smooth the in- 
coming signal ( in  this ca se ,  amplitude ve r sus  frequency) without a l ter ing 
the frequency response of the en t i re  sys tem.  

One other obstacle was the high amplitude of the low-frequency 
noise in comparison to  the high-frequency noise. This was partial ly ove r -  
come by using the logarithmic output of the ana lyzer ,  which added an  extra  
advantage to  the capabilities of the  ave rage r  - the ave rage r  became,  in a 
s ense ,  an  au tocor re la tor  of 2n degrees .  This i s  eas i ly  shown by the fol- 
lowing s imple  a lgebraic  re la t ions .  

If the normalization constant of averaging is  M = GN,  then the 
resul tant  of the averaging of N logar i thmic consecutive spec t rog rams  becomes 

1 A = - (log S1 + log S2 . . . 
M 

where 
G = proportionality constant 
S = amplitude of the spec t rog ram 

This . las t  f o r m  indicated the multiplicative nature  of the output. Par t icu la r ly ,  
if N i s  equal to  2 ,  then 

1 A = -  
G 

log &qq- 

which r ep re sen t s  m1.11tiplication of two spec t rograms in the frequency domain,  
s imi l a r  to  autocorrela t ion where two time-domain functions a r e  multiplied 
and then averaged.  Another interpreta t ion of the logar i thmic averaging i s  



. tha t  i t  produces geomet r ic  mean r a the r  than ,ar i thmetic  mean ,  accentuating 
the r e c u r r e n t  s ignals .  A representat ion of a l l  the above points can be seen  
in Fig.  10. 6b. 

d. Results 

F igures  10. 7 and 10. 8 show the r e su l t s  of the analysis  of 
seven  t e s t s .  Sixteen logar i thmic t r a c e s  a r e  averaged,  using a normalization 
constant of 1024, an  input attenuation of - t 4  v, and a 500- psec t ime  constant 
a v e r a g e r  f i l t e r .  The curves  L -B  r ep re sen t  the difference of the wa te r -  
sod ium leak noise and the background noise. The curves  G-B r ep re sen t  
the  difference of b a r . k ~ ~ p  gas flow noise and thc background uuise .  The 
cu rves  L-G r ep re sen t  the difference of w a t ~ r - s o d i u m  leak and backup 
gas Iluw u u i s e .  

The amplitcldes of bell-s hape peaks of sod ium-water leak 
cu rves  occur r ing  around 2000 Hz a r e  plotted ve r sus  the leak r a t e  on log-log 
paper ,  a s  shown in Fig. 10. 9. On the s a m e  graph, the amplitudes of bell-  
shape peaks occur r ing  around 2000 Hz nf backup gas flow a r c  plotted fni+ thr 
corresponding t e s t s .  Although the or i f ice  s i ze  for the water  injection and 
backup gas a r e  the s a m e  for  each t e s t ,  the leak r a t e s  ( lb / sec)  of the two 
a r e  not the same.  The r e su l t s  a r e  two tightly fitted s t ra ight  l ines with a 
positive .slope of approximately one-half, with the water-sodium leak l ine 
located above the backup gas l ine.  The ex t r eme  left data point i s  the res111t 

of a l ow-p res su re  (785 psi)  s t eam (gas  phase) injertinn in  535 F sodium 
through a 14-mil  or i f ice ,  yielding a leak r a t e  of 0.00008 lb/sec.  It i s  
s een  that  th i s  s t ra ight- l ine  relationship for  water  -sodium leak noise holds 
t r u e  f o r  leak r a t e s  covering of four o r d e r s  of magnitude. 

The ana lyzer ,  the ave rage r ,  and the X - Y  plotter were  cal i -  
b r a t ed  with a n  osci l la tor  s e t  a t  2 kHz. The resu l t s  of the calibration,  a 
16 - t r ace  averaging,  1024 normalization constant, - t 4 v atten.i.~.a.tion and 500 
psec  input f i l ter  t ime  constant,  i.ndicated that the inches I on the X- Y 
plot ter  a s  a function of the mill ivolts  mv. input of the analyzer  can be expressed  
a s :  

Approximating the s t ra ight- l ine  relationship to  be of a one-half positive 
s lope,  one can wr i te  

where  
L. R. = Leak r a t e  in l b / s e c  

K = Proportionali ty constant 



Taking L. R. = 10-2 l h / s e c ,  which co r r e sponds  L O  1  inch in F ig .  10. 9 .  K i s  

found t o  be  equal  to  10. 

There fore :  

hence,  

Since ,  in the l inear  range  the acous t i c  no i se  p r e s s u r e  p i s  propor t ional  
t o  the e l e c t r i c a l  output of acous t i c  t r a n s d u c e r s ,  i t  i s  s e e n  that  the acoust ic  
p r e s s u r e  i s  a n  exponential function of the  l eak  r a t e ,  a s  wr i t t en  below: 

Two backup gas flow no ise  data  points f r o m  t e s t s  No. 3 8  and 
No. 39 do not f a l l  on the  gas flow noise  line. This i s  due t o  the rup tu r e  of 
the t a r g e t  tubes p r i o r  t o  the  t e rmina t ion  of w a t e r  injection.  'These t a r g e t  
tubes  a r e  pre ,ssur ized t o  2650 p s i  by a s e p a r a t e  n i t rogen gas  r e s e r v o i r .  
The gas  flow noise  m e a s u r e d  in t he se  two t e s t s  i s  due to  two l e a k s ,  one 
f r o m  the  or ig inal  cap i l l a ry  and the  ,o ther  f r o m  the  rup ture  in the t a r g e t  tube.  

e. Conclusions and Recommendat ions  

1. Because  of the  haphazard  var ia t ions  of unaveraged s p e c t r a ,  
no consis tent  spike  o r  valley of f requency s p e c t r a  could be detected t o  be 
a s soc i a t ed  wi th  the  sodium-water  l eaks .  

2. Af te r  sufficient ave'raging and cu rve  smoothing,  a  bel l -  
shape  pa t t e rn  was  observed  in the sodium-water  l eak  acous t i c  f requency 
spectrurri.  

3 .  The f requenc ies  of the  peak of the  bel l -shape cu rve  of 
net  acous t i c  p r e s s u r e  ( the di f ference of the  l eak  and the  background no i se )  
of var ious  t e s t s  followed no conclus ive  pa t t e rn  cor respur ld l i~g  t o  thc  cap i l l a ry  
d i a m e t e r s  l eak  r a t e  a n d / o r  t a r  get spacing.  

range 

Hz). 
the 
To  

4. The  only genera l i za t ion  concluded was  that  in the audible 
f requenc ies  of peaks  r ema ined  in  the  neighborhood of 2 kHz (t 200 - 
gain m o r e  unders tanding of the l eak  noise ,  addit ional  t e s t s  a r e  

needed t o  de t e rmine  if the  l eak  noise  i s  due t o  boiling, t o  gargl ing,  o r  t o  
flow from a je t  and if u l t rason ic  noise  ex i s t s .  Theore t i ca l  cons idera t ions  
indicate u l t rason ic  f requenc ies  should be genera ted  f r o m  the jet.  

5 .  The backup gas  flow no ise  had s i m i l a r  bel l -shape peaks 
in the  s a m e  f requency r ange ,  but with lower  ampl i tudes .  



6 .  When amplitudes of the net  averaged logarithmic acoustic 
p r e s s u r e  peaks were  plotted versus  the leak ra te  on log-log graph paper ,  a 
tightly fitted straight line with a positive slope .of one-half was produced. 

7.  A s imi l a r  plot fo r  the peak acoustic p res su re  of backup 
gas flow resul ted in a s t raight  line of s imi lar  slope, but with a lower amplitude. 

8 .  Even the data f r o m  the very low leak ra te  t e s t ,  conducted 
with s team a t  785 psi  in 53 5 F sodium through a 14-mil orifice and yielding a 
0.00008 lb/sec leak ra te  did not fall  too f a r  f rom the sodium-water leak line, t 

verifying the straight line relationship of the acoustic noise versus  leak ra te  
fo r  a lmost  4 o r d e r s  of magnitude of leak r a t e s  on the log-log paper .  

9 .  To gain a better understandfn.g of the net dynamics of the 
flow of water  into sodium, a sadj.ilm -wa tar -reaction.-free s.i~rlula.ti~11 test  
should be conducted to visually observe the fluid dynamics of the leak and 
to coi-rlyare i t s  a c o ~ l s t i . ~  spectrum with that of sodiu~n-water  leak. This tes t  
can be done during the routine post-teat flow check of the nozzle by placing 
the nozzle in a glass  tank containing a colored fluid and injection room- 
tempera ture  water a t  2650 psi t.hrni.lgh the capillary.  

10. The overall  impact of the analysis done to date i s  that 
t he re  exis ts  a t  leas t  one frequency band which is  representative o i  leaks,  
and that the net logarithmic amplitude of the acoustic p res su re  in this band 
is  proportional to the square  root of the leak ra te .  Fur ther  tes t s  should be 
conducted to  determine the source  of the noise, i. e . ,  whether it is  d u e  to 
sodium-water reaction o r  due to  water boiling or  due to jet flow, and whether 

the re  exis ts  an ultrasonic charac ter i s t ic  spectrum d ~ i e  to  the leak. 

A comparison of amplitudes of the sound level obtained f rom 
F e r m i  s t e a m  generator background noise and the Rig 10 leak t e s t  noise 
indicated approximately the s a m e  order  of magnitude in h n t h ,  There will 

be no fur ther  work during FY-69 on measuring the background boiling 
water  and mechanical noise spectra  in the EBR-11, Sodium Components 
Tes t  Installation (SCTI), and Enrico F e r m i  facilities. This activity is  
being defer red  until FY-70. 

5. Leak Detection Cri ter ia  (Job 20) 

The scope of this job is  to establ ish a basis  for evaluating 
methods of detecting sodium-water reactions in sodium-heated generators .  
The need is  for ear ly  detection of leaks to  prevent damage to  the unit. 
Included in this effor t  a r e  (1) definition of leak detection c r i t e r i a  fo r  the 
LMFBR program,  (2)  description of a reference LMFBR secondary sodium 
coolant sys t em,  (3) determination of the behavior of the reaction products 



throughout the  coolant  s y s t e m ,  (4)  a s s e s s m e n t  of candidate l e ak  detect ion 
s y s t e m s ,  and (5)  recommenda t ions  f o r  a l eak  detect ion s y s t e m  fo r  a n  LMFBR 
plant. 

Work was  ini t iated in FY-68 on es tabl ishing the c r i t e r i a ,  d e s c r i b -  
ing a r e f e r e n c e  secondary  s y s t e m ,  and a p r e l im ina ry  evaluation of the can-  
didate l eak  detect ion s y s t e m s .  The or ig inal  d ra f t  of th is  in te rna l  r e p o r t  
was  r ev i s ed  in FY-69 t o  include m o r e  up-to-date informat ion;  the r ev i s ed  
d r a f t  ha s  been completed and wil l  aga in  be i s sued  for in te rna l  review.  The 
ana lys i s  indicates  that  f o r  l eaks  in many  locations and under  s o m e  operat ing 
conditions fo r  a l a r g e  pot-type s t e a m  genera to r  in a th ree - loop  1000-Mwe 
plant us ing Croloy 2-114 tubing, propagation of a wa t e r  l eak  t o  ano ther  tube 
wi l l  occu r  before  the l eak  can  be .de tec ted  and the  s t e a m  genera to r  dumped.  

This  ana lys i s  i s  based on the  c u r r e n t  capabi l i t ies  of exis t ing 
detect ion ins t rumentat ion,  which does  not include acous t i c  detection.  The 
m a j o r  fac to r  which contr ibutes  to  the  inability of the  l e ak  detect ion s y s t e m  
to  prevent  propagation i s  the t r a n s p o r t  t i m e  of the  impur i t i e s  f r o m  the  
l eak  s i t e  t o  the de tec to r .  A l so  contributing t o  the p rob lem i s  the l a r g e  di lu-  
t ion of the  impur i t i e s  resu l t ing  f r o m  a reac t ion  d u e ' t o  the sod ium inventory 
in the  sy s t em.  Although acous t i c  detection has  shown p romise  fo r  detect ing 
s m a l l  l e aks ,  m o r e  work  i s  n e c e s s a r y  t o  e s t ab l i sh  the  lower  l imi t  of l eak  
that  can  be detected in a r e a l  s y s t e m  before  the usefulness  of th i s  method 
can  be  es tabl ished.  

D. Sodium-Wate r Reaction Data c o r r e l a t i o n  ( T a s k  28) 

1. Topical  Repor t  (Job 12) H. V. Chamber la in  

The scope of this  job was  t o  make  a rev iew of the l i t e r a t u r e  
per ta in ing t o  reac t ions  of w a t e r  wi th  sodium,  wi th  pa r t i cu l a r  emphas i s  on 
the  f ac to r s  influencing was tage  of m a t e r i a l s  i n . such  reac t ions .  The ma in  
objective of t h e  rev iew was  t o  de t e rmine  if sufficient  exper imenta l  data  
ex i s t  t o  develop a. co r r e l a t i on  of the  var ious  f ac to r s  which affect  m a t e r i a l s  
was tage  r a t e s .  A d r a f t  of- the topical  r e p o r t  cover ing th is  rev iew was sub-  
m i t t ed  t o  the  AEC fo r  rev iew .and commen t s  in FY-68. .  Work in FY-69 
wi l l  cons i s t  of incorpora t ing  the  comments  of the AEC and i s su ing  the  
topical  r epo r t .  

Dur ing th i s  r e p o r t  period the  comments  w e r e  r ece ived  f r o m  the 
AEC and work  was ini t iated on incorporat ing t he se  commen t s .  

E. Hot E ros ion  Studies ( T a s k  60) J. A. F o r d  
G. H. Reicks  

The sco'pe of th is  t a s k  was  to  e s t ab l i sh  the  re la t ive  contribution of 
e ro s ion  and co r ro s ion  t o  the  was tage  p roce s s  by irijecting w a t e r ,  sod ium,  



and 
the 
was 

sodium hydroxide 
LMFBR program.  
completed in F Y  - 

against  t a rge ts  made  of the ma te r i a l s  of in te res t  t o  
Construction of t e s t  equipment and init ial  operation 

-68. Severa l  operating problems including fa i lure  of 
the  injection tube w e r e  encountered during this init ial  operation period.  

In F Y  -69 the  scope of the work i s  (1) to  make an evaluation of the 
design and per formance  of the hot e ros ioh  t e s t  equipment, including analy- 
s i s  of the failed injection tube,  and (2)  t o  make  recommendations for c o r r e c -  
t ive action. 

1. Design Evaluation of Hot Erosion 
Tes t  Equipment ( Job  12) 

The failcd U leg f r o m  the hut e ros ion  t e s t  apparatus  has been 
examined m e t a l l u r ~ i c a l l y  h y  Sn~ i the rn  Research  Inotitute to  dcterllii~lt: tlle 
cause  of fa i lure .  F r o m  the evidence shown by the specimens examined, 
SRI concluded that 

the pipe was probably pressur ized  a t  l eas t  once while the 
cen te r  sect ion of the h-eated length was a t  a high tempera ture  .' t h e  fa i lu re  wa's esseitially ductile in na ture  

e the c r a c k  which penetrated the en t i re  wall  thickness initiated 
a t  an internal  fusion l ine of the weld (in the seam-welded 

pipe) 

the pr incipal  cause  for the cra.r.k initiation and propagation 
a1 Lhls s i t e  wig.$ d1.1e to the r s t h o r  ocvcrc  r e s t r a in t  011 pldslic 
flow in that  region produced by the notch formed by the 
localized d e c r e a s e  in w a l l  thickness a t  that  fusion l i n e  

no evidence was found to indicate that the ma te r i a l ,  pe r  s e ,  
was ar  fault,  but i t  does appear that notches prnrllaccd by de-  
c r eased  wail  thickness a t  weld fusion lines a r e  undesirable 
for such  se rv i ce  a s  that  to  which the pipe was subjected. 

A P D A  i s  cur ren t ly  reviewing the SRI analysis .  

Review of the t e s t  data i s  in p rog res s  and the r epo r t  summar iz ing  
the  design evaluation. and recommended solutions has been initiated. 



111. .NEXT .REPORT PERIOD AC TIVITIES 

A. Rig 10 Tube Wastage (Task  20) 

Test ing ( Job  03) 

The r e su l t s  fo r  Tes t  No. 40 conducted in Rig 10 in M a r c h  will  be 
p resen ted ,  Tes t s  41 through 45 will  be completed,  and p re l im ina ry  t e s t  
r e su l t s  published. 

2. Tes t  Analysis  ( Job  04) 

Detailed ana lys i s  of exist ing wastage data wi l l  continued. 

3. Design, P rocu remen t ,  Fabr ica t ion  
and Instal lat ion ( Job  12) 

Instal lat ion of the  new wate r  injection s y s t e m  and high p r e s s u r e  
gas heade r  wil l  be completed,  Modifications to the  row of tubes  behind the 
t a r g e t  tube will  be completed.  

R ,  Leak  Detection (Task  221 

1, Tes t  Planning,  Acoustic Detection ( Job  12) 

No act iv i ty  i s  scheduled. 

2. Testincr ( Job  13) 

~ e p o s i t i o n i n ~  of the p r e sen t  t r ansduce r s  t o  de t e rmine  effect  of 
t r ansduce r  location on output s igna l  dur ing the  sodium-water  reac t ion  in 
di f ferent  a r e a s  of the  reac t ion  ve s se l  and s y s t e m  will  be c a r r i e d  out. Acous - 
t i c  ( tape)  and visual  (photographs) record ings  of the  pos t - t es t  flow checks  
of t he  nozzles wil l  be taken to  c o r r e l a t e  the fluid dynamics  of the  jet  with i t s  
acous t ic  cha rac t e r i s t i c s .  

3. Tes t  Analysis  ( Job  14) 

The new acous t ic  record ings  taken a t  100-kHz f r o m  the  post - leak 
flow check of the  nozzles  and f r o m  t e s t s  No. 40 and up will be analyzed to  
c o r r e l a t e  l.eak fluid dynamics  t o  i t s  high-frequency acous t ic  cha rac t e r i s t i c s  
and to  de t e rmine  if t he r e  i s  any  ul t rasonic  noise  a s soc i a t ed  with t he  leak.  

4. Background Noise Measurement  (Job 17) 

No activity i s  scheduled.  



5. Leak  Detection C r i t e r i a  ( Job  20) 

In te rna l  rev iew of the l eak  detect ion c r i t e r i a  wi l l  be completed 
and a f inal  d ra f t  of th is  t a s k  will  be issued.  

C. Sodium-Water Reaction Data Cor re la t ion  (Task  28) 

APDA-227, the  topical  r e p o r t  t i t led "Evaluation of Mate r ia l s  Wastage 
Due to  Reactions of Water  in Sodium, " will  be issued.  

D, Hot E ros ion  Studies (Task  60) 

T e  R t Tq ui pment .. . .. ,-..- 
. . - -  . - - .  

- - - .  - . - - -  A - - - -  
The r e p o r t  summar i z ing  the  design evaluation of the hot ert,sit.~n 
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SODIUM TECHNOLOGY PROJECT 

PROJECT AGREEMENT NO. 11 

SENIOR PROJECT ENGINEER: E .  C. KOVACIC 

PROJECT ENGINEER: J. E.  MEYERS 

I. PREFACE 

A. Scope 

The presen t  scope of the sodium technology project  encompasses  
the following e l e ~ n e n t s :  

1. Impuri ty  monitoring dev ices ,  including the development and 
evaluation of the  Rhomcter ,  oxygen m e t e r ,  hydrogen m e t e r ,  
and plugging m e t e r .  

2 .  Sodium purification p roces se s ,  including the evaluation a n d / o r  
development of cold trapping,  hot t rapping,  centrifuging,  
movable bed get ter ing,  and t h e r m a l  decomposit ion.  

3.  Sodium sampling and ana lys i s ,  including' the re l iabi l i ty  of 
through-flow s a m p l e r s ,  oxygen ana lys i s ,  and hydrogen ana lys i s .  

4. Phys ica l  and chemica l  behavior of sod ium and impur i t i e s ,  in-  
cluding the investigation of the solubil i ty of hydrogen and sodium 
carbonate  in sodium,  the equi l ibr ium dis t r ibut ion of hydlogen 
between sodium and the  cover  gas ,  and in teract ion uf hydrogen 
and oxygen in sodium. 

B. Relationship to Other ' p r o j e c t s  

This project  i s  or iented en t i re ly  to the Commiss ion ' s  r e s e a r c h  and 
development p rog ram on the LMFBR. 



I .  TECHNICAL PROGRESS 

A .  Impuri ty  Monitoring Devices 

1. Rhometer  (Task  20) 

The objective of th is  t a s k  i s  to  develop and t e s t  a n  automat ic  
t e m p e r a t u r e  compensator  and res i s t iv i ty  m e t e r  s y s t e m  capable of operat ing 
in  the range  of 400 to 1000 F with sufficient sensi t iv i ty  and s tabi l i ty  to  
de tec t  a change in sod ium res i s t iv i ty  equivalent  t o  1 ppm of oxygen. 

a ,  Loop Evaluation,  Pro to types  ( Job  06) J.  E. Knight 
C. C. Scott  

Because  the r e s i s t ance  t e m p e r a t u r e  de tec tors  (RTDs)  nn 
o r d e r  had not been rece ived ,  the prototype Rhometer  was operated i so-  
t he rma l ly  in  the sod ium technology l.oop at 600 F w i t h n ~ ~ t .  t empe ra tu r e  tiurr1,- 
pensation in J anua ry  by substi tut ing a fixed res i s tance '  for  the RTD. The 
s y s t e m  operated sa t i s fac tor i ly  dur ing th is  period.  

In F e b r u a r y ,  t h r e e  new RTDs w e r e  sa t i s fac tor i ly  t es ted  for  
r e s i s t a n c e  to' grounds and for  specif ic  r e s i s t ance  a t  100 C and then instal led 
in the rmowel l s  in the sod ium technology loop. The t e s t  p rocedure ' fo r  ca l i -  
b ra t ing  the  Rhometer  s y s t e m  over  the t empe ra tu r e  range of 400 F to 900 F 
was  wr i t t en  and approved.  Late  in the repor t ing  period the loop was r e -  
fil'led with sodium,  a f t e r  which Rhometer  cal ibra t ion and e v a l ~ ~ a t i o n  w e r e  
s t a r t ed .  

2 .  Oxygen Meter  cI"a~k 27 )  
. -  - 

a,.  E l e c t r o m e t e r  Evaluation ( Job  03) C. C. Scott  

The t e s t  on the sol id-s ta te  e l ec t rome te r  was inactive fnr 
m o s t  of the repor t ing  per iod due to (1) scheduled t e s t s  requ i r ing  loop 
sod ium t e m p e r a t u r e s  g r e a t e r  than 600 F ,  during which t ime  the oxygen m e t e r  
employing the  sol id-s ta te  e lec t romete r  was deact ivated,  ~ n d  (3 . )  dl-ilslping of 
loop sod ium t o  accommodate  instal lat ion of the  Rhometer  RTD thermowel l s .  
However ,  dur ing the t ime  the so l id -s ta te  e l ec t rome te r  was in s e r v i c e ,  the 
z e r o  d r i f t  was within the  m.anufacturer ' s  spccificn.ti.on of - .I. 1 11.1~ per  day.  



b. Behavior in High-Tempera tu re  A. J .  F r ied land  
Loop Sodium ( Job  05) N,  N.  Muel ler  

This job includes the  determinat ion of (1)  oxygen m e t e r  ba se -  
l ine s tabi l i ty  and (2) oxygen m e t e r  sensi t iv i ty  t o  a n  oxygen concentra t ion 
change when operat ing in h igh- tempera tu re  (900 F) loop sodium.  

The ana lys i s  of the exper imenta l  data ha s  not been c o m -  
pleted. I t  i s  expected that  th is  work  wil l  be completed and repor ted  in de -  
t a i l  in the next q u a r t e r l y  r epo r t .  

3 .  Hydrogen Detector  (Task  21) 

a .  T e s t  P r o g r a m  P l an  ( Job  051 J . A . F o r d  , 

J. H. Coleman 

The scope  of th is  job i s  t o  fo rmula te  a deta i led  p r o g r a m  for  
o the instal lat ion of the APDA hydrogen de tec to r  s y s t e m  in the  sod ium tech-  

nology loop and plan the t e s t  p rog ram.  

An in i t ia l  t e s t  p r o g r a m  plan ha s  been completed where in  
t h r e e  per turbat ions  wi l l  be effected and t he i r  influence on the hydrogen de t ec -  
t o r  wil l  be noted. These  per turbat ions  a r e  ( I . )  hydrogen concentra t ion,  (2)  
oxygen concentra t ion,  and (3 )  sod ium flow ra te .  

b. Evaluate  Loop Hydrogen ' s tabi l i ty  (Job 06') 
. . 
N. N. Muel le r  

The scope  of th is  job is to  es tab l i sh  the hydrogen s tabi l i ty  of 
the  technology loop a s  a n  ini t ial  s t ep  in the evaluation p r o g r a m  for  the hydro-  
gen de tec to r .  Tes t ing  is being conducted in  the  600 F to  900 F t e m p e r a t u r e  
range  and in the 1. 5 ppm to  3 ppm hydrogen concentra t ion range .  

Chemical. arial.yses of s o m e  of the loop sod ium samp le s  
taken fo r  th is  evaluation have indicated a h igher  than expected level  in 
to ta l  hydrogen content  of the loop sodium.  Additional chemica l  ana lyses  
of s a m p l e s  tubes taken a s  s p a r e s  a r e  in p r o g r e s s .  'This work  wil l  be com-  
pleted and r epo r t ed  in deta i l  in the  next q u a r t e r l y  r e p o r t .  

c .  Final Design and Ins ta l la t ion ( Job  08) - J. H. Coleman 

The scope of th is  jnh i s  the f inal  des ign and ins ta l la t ion of 
the hydrogen de t ec to r ,  into the sodium technology loop. 

The f inal  des ign of the  hydrogen de tec to r  loop has  been c o m -  
pleted and ins ta l la t ion is approx imate ly  60 pe r  cent  complete .  Al l  the m a -  
t e r i a l s  and equipment a r e  on hand. Const ruct ion i s  expected to  be com-  
pleted and the  hydrogen de tec to r  'loop filled with svd iu l i i  b y  thc  cnd of M a y ,  



The t e s t  loop and gas flow s y s t e m  a r e  shown schemat ical ly  
in F i g u r e s  11. 1 and  11.2;  photographs of the detector  coi l  and the injection 
r e m o v a l  coi l  a r e  shown in F igu re s  11 .3  and 11.4.  

4. Plugging Me te r  (Task  23) 

a.. Behavior a t  High Loop Ter i lperatures  . ( Job  06) N. N. Muel ler  

In a previous operation of the APDA sodium technology loop 
a t  900 F, high plugging t empera tu r e s  w e r e  obtained which w e r e  nei ther  an -  
t ic ipated nor  .explainable on the  bas i s  of m e a s u r e d  c h e m i s t r y  r e su l t s .  The 
scope  of th is  job i s  to  col lect  m o r e  data on th is  phenomenon and to d e t e r -  
m i n e  what effects conventional cleanup devices  such a s  the  cold t r a p  and hot 
t r a p  have on reducing and stabil izing t h e  plugging t cmpcra tu r e .  

l ' o r  the s a m e  r ea sons  a s  indicated in Section 11. A. 3 .  b ,  
complet ion of this job h a s  been delayed pending a ~ l a l y s i s  of t;dme spare  
sample  tubes .  This  work  will  be completed and repor ted  i n  deta i l  in the 
next q u a r t e r l y  r epo r t .  

. Sodium Pur i f i ca t ion  P r o c e s s e s  

1. Centrifuging (Task  12) 

a .  Topical  Repor t  ( Job  15) J .  Matte 

A topical  r e p o r t  i s  being p r epa red  on the design,  cons t ruc-  
t ion,  and init ial  tes t ing of the sodium centrifuge.  

The f i r s t  d ra f t  was  completed dur ing the  q u a r t e r  and r e -  
wr i t ing  of s e v e r a l  sec t ions  was  begun. Near ly  a l l  of t he . a r twork  fo r  
figuroo wao proiui .ed.  

h. Examination of Bowl Surf;lc.e 
f u r  I rnpur i t les  (J  ob 16 )  

A .  A ,  Shoudy 
W. E. McHugh 

A two-inch sec t ion ,  measu r ing  f r o m  the in le t ,  was  r e -  
moved f r o m  the  c ~ n t r i f ~ i g e  bcrxvl to  faci l i ta te  t~drllillaLlvn of the  impur i t i es  
col lected there in .  After  removal  of thc h1.11 k sodiclnl i n  Lhio s c c t i s i ~  b y  

cor ing ,  a s amp le  of the 10-mi l  sod ium f i lm remaining was  analyzed for 
ca rbon .  The s m a l l e s t  s amp le  taken contained m o r e  carbon than APDA's  
p r e sen t  microana ly t ica l  methods could handle. Thus no accu ra t e  ca rbon  
values  can  be repor ted.  

Vacuum dis t i l la t ion of a s m a l l  port ion of the sodium f i lm 
r emoved  f r o m  the bowl wal l  yielded a black res idue .  Quali tat ive ana lys i s  



of the res idue  fo r  me t a l l i c s  yielded: i r on ,  1. 05 w / o ;  nickel ,  0. 53 W / O ;  

and ch romium,  0. 18 w/o .  

. The remain ing  sod ium in the two-inch sect ion of the bowl was  
removed  by vacuum dist i l lat ion.  A m o r e  extensive  examination of the r e s i -  
due on this  sect ion of the  bowl wil l  be made  a t  Bat te l le  Memor i a l  Inst i tute 
(BMI) e a r l y  in Apri l .  

e .  T e s t  P r epa ra t i on ,  Run No, 2 ( Job  181 J .  Matte 
J. Wooton 

This  job covers  execution of a l l  p repara t ions  and modif ica-  
t ions n e c e s s a r y  to  p rope r ly  p r e p a r e  the centr i fuge and i t s  r e la ted  equip- 
men t  fo r  the next r un ,  a  100-hour mechan ica l  pe r fo rmance  evaluation. 
These  include changes  t o  reduce  dr ippage f r o m  the bowl housing,  p r o c u r e -  
men t  of rep lacement  o r  s p a r e  p a r t s ,  p repara t ion  of the  t e s t  specif icat ion,  
and a br ief  d r y  run  a t  the  beginning of the 100-hour t e s t .  

The two d r i ve  spindles  which had been sl ightly s c o r e d  in the 
s e a l  region dur ing e a r l i e r  operat ions  w e r e  r epa i r ed .  The spindle s e a l  
subassembly  was  dimensional ly .  checked by a s e a l  consultant  and modified 
to  e l iminate  the  s co r ing  of the dri.ve spindle.  A new bowl was  fabr ica ted  
and balanced t o  r ep l ace  the one sac r i f i ced  fo r  ana lys i s  of r e su l t s  of the 
f i r s t  sod ium run.  Revisions w e r e  specif ied t o  the gas inlets  intended t o  

. r e d u c e  the d r ippage  of sodium f r o m  the housing into the  glove box 'to the 
. , 

' bowl housing. The t e s t  speci f ics t ion was  i s sued  fo r  the' 100-hour r un  
scheduled fo r  the  month of J u n e . ,  

Phys i ca l  and Chemica l '  Behavior of Sodium Impur i t i e s  

1. Hvdroeen Solubilitv (Task  31)  

a. Planning,  Des ign ,  and ~ o n s t r u c t i o n  
of T e s t  Apparatus  ( Job  02) 

A. A. ~ o r d u s "  
E. 3'. Hill  

S. A. Meacham 

The scope of th i s  job i s  t o  des ign and cons t ruc t  the appa ra tu s  
r equ i r ed  t o  achieve the following objectives:  

De te rmine  the  equ i l ib r ium p r e s s u r e  of hydrogen in sod ium 
between the concentra t ions  of 0. 1 ppm and 1 . 0  ppm a t  two 

, t e m p e r a t u r e  levels  in the r ange  of 240 to  1000 F 

b 

' Universi ty ul Michigan 



Determine the effect of oxygen on hydrogen equil ibrium in 
sodium a t  two oxygen concentrations.  

Calibration of the sys t em has continued a t  a low level of 
e f for t .  It i s  expected that  the calibration will be completed ea r ly  next q u a r -  
t e r  and a l l  of the planned solubility studies completed before the end of the 
q u a r t e r .  

b. Data Analysis (Job 05)  A. A. ~ o r d u s "  
E. F. Hill 

S. A. Meacham 

The scope of this work includes a reduction of the exper i -  
menta l  data t o  obtain (1) equi l ibr ium i so the rms ;  (2 )  sa turat ion pressures, 
t en lpe ra tu re s ,  and hydrogen content; and ( 3 )  other  thermodynamic data s ~ l r h  
as  heat  of solution, heat  of reaction,  etc.  

The internal  consistency of the presen t  data is  exceptionally 
good. As a r e su l t .  any sma l l  deviations f r o m  Siever t ' s  Law can be exam-  
mined and cor re la ted  with other  fac tors  s u c h  a s  the amount o l  "dissnlvedJ'  
fiicygen. 

 valuation of the experimental  data i s  near ly  completed. 
Values a r e  being obtained for  AH for react ions  given in the following 
equations: 

1 / 2 H2 (g) + NaZO (solution) - NaOH (solution) t Na (1) 

P/Z H2 (g) + Na ( 4 )  -NaH (solution) 

NaH (solid solution) - NaH (solution) 

1 / 2  H2 (g) + Na (I)  - NaH (solid solution) 

These values will be presented in a topical  r epo r t  scheduled 
for publication in F Y  -1970. 

-- 
Univers i ty  of Michigan 



2 .  Cover Gas Impurit ies (Task  33) 

a .  Hydrogen Gettering in Gas 
Sample Lines  (Job 02) 

J. H. Coleman 
J. A. Fo rd  

The specific objectives of this job a r e  to  determine the 
quantity and composition of deposits  collected in the cover  gas sampling 
l ines and es t imate  the e r r o r  in the cover gas analysis.  

After 4 to 5 months of operation a t  loop t empera tu re s  
ranging f r o m  600 to  900 F, the sample  l ine was removed and s tored  in the 
chemis t ry  laboratory glove box for  examination. 

A replacement  sample  Line was fabricated and will be in- 
stalled.  The s a m e  basic  design has  been employed with one addition: That 
addition, a T-section and a valve to  allow the addition of cal ibrated span 
gas into the sample l ine ,  is  i l lus t ra ted on Figure  11. 5 by the dotted l ines.  
Any difference between the hydrogen content of the span gas a s  i t  pa s ses  
through the sample  l ine and the analysis  of the  gas a s  determined by the 
chromatograph will be a measu re  of the e r r o r  involved in this method of 
sampling.  

b. Compilation of Chromatograph 
Experience (Job 03) 

J. 1-1. Coleman 
J.  A. Fo rd  

The objectives of this  job a r e  to  compile the data f r o m  the 
chromatograph for  FY-69 and evaluate i t  in t e r m s  of loop operation and 
loop chemis t ry .  Specific data may be chosen f r o m  e a r l i e r  periods for 
compa.rative purposes.  

Nothing to  r epo r t  th is  period.  

D. Sodium Sampling and Analysis 

Sampling Reliability (Task  70)' 

a .  Hydrogen Sampling (Job 05) A .  J.  Fr iedland 
N. N. Mueller 

The objective of this t es t  p rog ram i s  t o  es tabl ish the p r e -  
cision of a combined sampling and analysis  procedure when sampling 900 F 
cold-trapped sodium for  hydrogen. 

The tes t ing phase of this p rog ram i s  complete.  

No work was scheduled during this q u a r t e r ,  pending sup- 
porting chemical  analysis  of the sodium samples .  



.b. F lu sh  Time and Atmospher ic  
P u r i t y  Study ( Job  06) ' 

A. J. Fr iedland 
N. N. Mueller  

To  provide informat ion t o  a s s i s t  . in establishing sodium s a m p -  
l ing p rocedure s ,  the following specific s tudies  a r e  being undertaken: 

Dete rmine  the. min imum flush t ime  requi red  f o r  s ample  
tubes when sampling 900 F cold t r a p  sodium. 

Demons t ra te  whether end-cr imping of sample  tubes iso-  
la ted a t  900 F i s  a n  effective means  of el iminating the ne-  
ce s s i t y  fo r  a high-purity environment when sampling for  
oxygen. 

Dcterrililie the Lexrlperature profi le during cooling for 
s ample  tubes  isolated a t  900 F. 

The tes t ing p rog ram is  complete.  Analysis of the data i s  
being d e f e r r e d  pending availabil i ty of sodium dhemical  ana lyses ,  which a r e  
cxpacttd lii Api i l .  

c .  Topical Report  - Oxygen (Job 03) M, K. Deora  
A. J.. Fr iedland 

This  r e p o r t  i s  t o  be a documentation and evaluation of the  r e -  
su l t s  obtained f r o m  t h r e e  previously completed sampling re l iabi l i ty  t e s t s  
f o r  oxygen a t  the 11, 45,  and 76 ppm level  (APDA-193, -195, and -228). 
The t e s t  r e su l t s  of the round robin t e s t  fo r  pinched tubes a r e  a l s o  to  be in- 
corpora ted  t o  compare  the s eg rega t ion  effect and random si te- to-s i te  va r i a -  
t ion within a sample  tube. 

The pre l iminary  s ta t i s t i ca l  ana lys i s  for the r aw  data and an 
outline of the  final topical  r e p o r t  have been completed,  The work  towards 
the wr i te -up  of the r epo r t  i s  in p r o g r e s s ,  and i t  i s  expected t h a t  the dra f t  
will  be r eady  for review ea r ly  next qua r t e r .  . . 

2 .  ASTM Round Robin on Oxygen 
in Sodium (Task  73) 

E,  F, Hill  
S. A. Meacham 

The objectives of th is  t ask  a r e  

To p repa re  s amples  of sodium containing known quanti t ies of 
oxygen a s  specified by the ASTM subcommit tee  

To dis t r ibute  these  s amples  to  five part icipating labora tor ies  
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e To collect .and evaluate the r e su l t s  obtained by the five 
laborator ies  

e To repor t  the r e su l t s  and the commit tee ' s  conclusions. 

The f i r s t  two objectives were  completed in F Y - 6 8 .  

a .  Reduction of Data and R e ~ o r t  (Job 05)  E .  F. Hill 

The scope of this job is  defined a s  the reduction,  evaluation, 
and report ing of the data submitted by the five participating labora tor ies .  

During this r epo r t  period,  the final draf t  of the topical  r e -  
port  was prepared and sent  to the commit tee  members  for comments .  
These comments  have been received and will be incorporated into the final 
report .  A final draf t  will be sent  to  the AEC-RDT office for.approva1 be-  
fore  final distribution. 

E, Loop Operations 

1. Supporting Chemis t ry  Services  (Task  5 1) 

a .  Uranium Gettering Technique (Job 04) E. F. Hill 
S. A. Meacham 

The objectives of this p r o g r a m  a r e  

To briefly review the mos t  pertinent technical  l i t e r a tu re  
on the gettering technique for  oxygen in sodium. 

To evaluate the proposed Brookhaven technique for oxygen 
in sodium using uranium a s  a ,  get ter  meta l  in APDA's  
sodium technology loop. 

'Ten uranium specimens were  procured f r o m  BNL. A t e s t  
p rog ram utilizing these uranium specimens has been finalized and the ini-  
t i a l  evaluation i s  scheduled ea r ly  in the next quar te r .  



111. NEXT REPORT PERIOD ACTIVITIES 

A. Impur i ty  Monitoring Devices 

1. Rhometer  (Task  20) 

Cal ibra t ion and evaluation of the  prototype automat ic  - t empe ra  - 
tu re -compensa ted  Rhometer  in the sodium technology loop (Jo,b 06) will be 
continued. 

2. Oxygen Meter  (Task  27) 

The study of the  behavior of the oxygen m e t e r  in high t e m p e r a t u r e  
loop sod ium (Job 05) wi l l  be completed.  

' 3 .  Hydrogen Detector  (Task  21) 

J obs 05,  06,  and 08 under this  t a s k  will  be completed e a r l y  in 
the  next q u a r t e r  and tes t ing  of the hydrogen de tec tor  in the lnnpl-\nrill begin, 

4, Plugging Meter  (Task  23) 

Work on the technical  evaluation of t e s t  data (Job 06) wil l  be 
completed.  

B. Sodium Pur i f i ca t ion  P r o c e s s e s  

Centrifuging (Task  12) ~ - 

The f i r s t  d r a f t  of the  topical  r e p o r t  ( Job  15) wil l  be completed 
and  i s sued  fur  approval .  

aua l i t a t i vc  ana lys i s  of the  centrifuge bowl r e s idue  ( Job  16) wil l  
Le currlplcted. 

Al l  p repara t ions  n e c e s s a r y  to p r epa re  the  centrifuge and i t s  
r e l a t ed  equipment fo r  r u n  No. 2 (Job 18) a r e  scheduled fu r  completion in 
J une . 

C. Phys i ca l  and  Chemica l  Behavior of Sodium Impur i t i es  

1. Hydrogen Solubility- 

The hydrogen solubil i ty t e s t  appara tus  wil l  be ca l ib ra ted  and 
the  hydrogen absorpt ion s tudies  completed ( Job  02). Thermodynamic 
in te rpre ta t ion  of hydrogen solubility t e s t  data  ( Job  05) wil l  continue. 



2. Cover  Gas Impuri t ies  (Task  33) 

The or iginal  sample  l ine wil l  be examined for  sod ium and for  
hydrogen and the new sample  l ine  wil l  be ins ta l led ( Job  02). 

Compilation of gas chrdmatograph  exper ience  and evaluation 
of the data ( Job  03) wil l  continue. 

D. Sampling and Analysis  

1. Sampling Reliabil i ty (Task  70) 

Work on the  technical  evaluation of the  t e s t  data (Jobs  05 and 06) 
wil l  be completed and r epo r t ed  dur ing the next q u a r t e r .  

The f i r s t  d r a f t  of the  topical  r e p o r t  on oxygen sampling and 
re l iabi l i ty  ( Job  03) wil l  be completed e a r l y  in the  q u a r t e r .  

2. ASTM Round Robin on Oxygen in Sodium (Task  73) 

Compilation of the comments  of commit tee  m e m b e r s  on the f inal  
d r a f t  of the topical  r e p o r t  on th is  work will  be completed and submit ted to  
the  AEC fo r  approval.  

E. Loop Operations 

1. Supporting Chemis t ry  Serv ices  (Task  04) 

Evaluation of the u ran ium get ter ing technique (Job 04) in  the 
sod ium technology loop will  bc completed.  



Note: All new pipi:ng is 1/2" 
unless otherdise noted. 

Injector 

FIG. 11.1 LAYOUT OF HYDROGEN DETECTOR TEST LOOP 
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FIG. 11.2 SCHEMATIC OF THE GAS FLOW SYSTEM FOR HYDROGEN DETECTOR LOOP 



FIG. 11.3 TWO VIEWS OF HYDROGEN DETECTOR INSTALLATION 
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FIG. 11.4 TWO VIEWS OF HYDROGEN DETECTOR REMOVAL COIL 



To Gas Chrornctcgraph -. 
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be removed for cleaning. 

Liquid Sodium llevef 
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F IG  11.5 ARRANGEMENT OF T H E  GAS SAMPLE LINE FOR THE S O D I U M  TECHNOLOGY LOOP 



COMPILATION O F  F E R M I  EXPERIENCE 

P R O J E C T  AGREEMENT NO. 15' 

P R O J E C T  ENGINEER: E.  C. Kovacic 

I. P R E F A C E  

A. Scope 

The purpose  of the  p ro jec t  i s  t o  m a k e  ava i l ab le  t o  t h e  f a s t  r e a c t o r  
development  p r o g r a m  the  e x p e r i e n c e  tha t  h a s  been  gained f r o m  the E n r i c o  
F e r m i  Atomic  P o w e r  P l a n t  projec t .  The  s c o p e  of e f fo r t  c o v e r s  the  compi la -  
t ion o f ,no tewor thy  exper ience  into r e p o r t s  su i table  fo r  g e n e r a l  u s e ,  s t a r t i n g  
wi th  the  evolut ion of the  des ign and p r o g r e s s i n g  th rough  the  fab r i ca t ion ,  
cons t ruc t ion ,  t e s t ing ,  and opera t ion  of the  F e r m i  plant.  Impor tan t  compo-  
n e n t s a n d  s y s t e m s  wi l l  be t r e a t e d  in individual  r e p o r t s  which wi l l  inc lude  
suff ic ient  d e s c r i p t i v e  and background m a t e r i a l  t o  m a k e  e a c h  a  r e p o r t i n g  
enti ty.  

B, Rela t ionship  t o  Other  P r o j e c t s  

Th i s  p ro jec t  i s  r e l a t e d  g e n e r a l l y  t o  the  C o m m i s s i o n ' s  p r o g r a m  of t h e  
development  of f a s t  r e a c t o r  technology.  

11. TE-CHNIcA L PROGRESS --- 

The p r o g r e s s  and s t a t u s  f o r  the  r e p o r t s  tha t  had not been  f o r m a l l y  
published p r i o r  t o  the  c u r r e n t  q u a r t e r  a r e  a s  follows: 

A. Compilat ion of C u r r e n t  E F A P P  
E x p e r i e n c e  , (Task 19) R. A .  Cos te l lo  

'The r e p o r t s  f o r  the  months  of S e p t e m b e r  and  O c t o b e r ,  APDA-CFE-25  
and APDA -CFE-26 ,  r e s p e c t i v e l y ,  w e r e  i s sued .  i t e p o r t s .  fo r  the  months  of 
N o v e m b e r ,  D e c e m b e r ,  J a n u a r y ,  and F e b r u a r y  a r e  in  v a r i o u s  s t a g e s  of 
p repara t ion .  

E F A P P  P r i m a r y  Sodium S y s t e m  
~ u m ~ s ,  APDA-309 @ a s k  20) T.  ,P. R o s s  

The  second  d r a f t  of t h i s  r e p o r t  i s  comple te  and in  the  e d i t i n g : p r o c e s s .  



111. NEXT REPORT PERIOD ACTIVITIES 

A.  Compilation of Cur r en t  E F A P P  Exper ience  

Repor t s  f o r  the  months November through March  will  be i s sued  and ! 

r e p o r t s  fo r  Apr i l  and May wil l  be initiated. 

B. E F A P P  P r i m a r y  Sodium Sys t em Pumps  

P r e p a r a t i o n  of th is  r e p o r t  wil l  be completed and the d ra f t  wil l  be 
t r a n s m i t t e d  to  the Commiss ion  for  approva l  p r i o r  to  publication. 



DISTRIBUTION LIST 

USAEC - Chicago O p e r a t i o n s  Office A t o m i c s  In te rna t iona l  
D i r e c t o r ,  C o n t r a c t s  Divis ion (2)  R .  Ba len t  (2)  
C .  H .  L e e  S .  Colan  

USAEC - Washineton.  RDT 
D i r e c t o r  
A s  s t .  Directo'r,  P r o g r a m  Management  
A s s t .  D i r e c t o r ,  R e a c t o r  Engineer ing  
A s s t .  D i r e c t o r ,  R e a c t o r  Technology 
A s s t .  D i r e c t o r ,  P l a n t  Engineering 
A s s t .  D i r e c t o r ,  Nuc lear  Safety 
P r o j e c t  M a n a g e r ,  L M E C  
P r o j e c t  M a n a g e r ,  F F T F  
P r o g r a m  M a n a g e r ,  L M F B R  
Liquid Meta l  P r o j e c t s  B r a n c h  
Chem & Chem Separa t ions  Branch  
R e a c t o r  P h y s i c s  Branch  
F u e l s  and M a t e r i a l s  B r a n c h  
Applicat ions and  F a c i l i t i e s  B r a n c h  
Components  B r a n c h  
Ins t rumenla t ion  and Cont ro l  B r a n c h  
S y s t e m s  Engineer ing  B r a n c h  
C o r e  Des ign  Branch  
F u e l  Handling B r a n c h  
Spec ia l  Technology B r a n c h  
R e a c t o r  V e s s e l s  Brarich 

USAEC-RDT Site  R e p r e s e n t a t i v e s  
S i t e - R e p r e s e n t a t i v e ,  A P I j A  

Senior  Si te  R e p r e s e n t a t i v e ,  ANL 
Senior  Si te  R e p r e s e n t a t i v e ,  A1 
Acting Senior  Si te  Represen ta t ive ,  I d 0 0  

USAEC-DTIE 
R.  L .  Shannon (3) 

USAEC - New York Opera t ions  Office 
J .  D i s s l e r  

USAEC - San F r a n c i s c o  Opera t ions  Office 
J. Holliday 

D i r e c t o r .  L M F B R  P r o g r a m  Office, ANL 
A. A m n r o s i  

D i r e c t o r ,  LMEC; A1 
R .  W. Dickinson 

A e r o j e t  - G e n e r a l  Corpora t ion  
H.  Derow 

Argonne  National  L a b o r a t o r y  
H. Bane 
L .  W. F r o m m  
S.  G r e e n b e r g  
L .  J. Koch 
S. L a w r o s k i  
M. Novick 
F. Smi th  

Babcock  & Wilcox Company 
(Box 1260,  Lynchburg.  Va 24505) 

M. W .  C r o f t  

Babcock  & Wilcox Company 
( B a r b e r t o n ,  Ohio) 

P. B. P r o b e r t  

Ba ldwin-Lima-Hami l ton  C o r p .  
( Indus t r ia l  Equipment  Div. , Eddys tone ,  P a )  

J. C. Gaydos 
R. A. T idba l l  

Brookhaven  National L a b o r a t o r y  
0. E.  Dwyer 
D. Cur insky  (2) 
K .  Hoffman 
C. Klamut  
L .  Newrnan 
A. Romano 

Combust ion Engineer ing ,  Inc.  
(Box  500, Windsor ,  Conn) 

W. P. S t a k e r  
W. H. Zin-n 

G e n e r a l  E l e c t r i c  Company 
(175 C u r t n e r ,  San J o s e ,  Calif 93125) 

K . ,  P. Cohen (3) 

G e n e r a l  E l e c t r i c  Company 
(3 1 0  DeCuigne,  Sunnyvale, Calif 9408 6) 

A. Gibson 

Gulf G e n e r a l  Atomic ,  Div. of Gulf Oil  Co. 
(San Diego,  Cal ifornia)  - 

P. F o r t e s c u e  

M. W .  Kellogg Company 
(711 T h i r d ,  New York, New York) 

E .  W. J e e s e r  

~ e w i s  F l igh t  P r o p .  L a b o r a t o r y ,  NASA 
(21000 Brookpark .  Cleveland,  Ohio) 

Los  A l a m o s  Scient i f ic  L a b o r a t o r y  
D. B .  Ha11 (2) . . 

G. Waterbury  
W. R. Wykoff 

MSA R e s e a r c h  Corpora t ion  
(Cal le ry ,  Pa 14024) 

C. H. Staub 



Nuc lea r  Ma te r i a l s  & Equipment  Corp .  
(Apollo,  Pennsylvania)  

Z .  M. Shapiro 

Oak Ridge National Labo ra to ry  
(Box X ,  Oak Ridge, Tennessee)  

F. L. Culler  72) 
J .  H. Devan 
D. Ga rd ine r  
J .  White 

Oak Ridge National Labora tory  
(Box Y. Oak Ridge, Tennessee)  - 

K. E. MacPhe r son ,  J r .  

Pacific IVorthwest Labo ra to ry ,  BMI - --. - 
E. Aslley (9 )  

P o w e r  Reac to r  Uevelopment Compally 
(191 1 F i r s t ,  Detroi t ,  Michigan 48226) 

A.  S.  Griswold 

Sdl.ithwest Atomic E ~ ~ c r g y  Assoc i a t e s  
(Box 1106, Shrevepor t ,  L a  71 102 

J .  R. Welsh 

United Nuclear  Corpora t ion  
(Box 1583, New Haven, Conn) 

A .  S t r a s s e r  (2) 

Westinghouse Elec t r ic  ~ o r ~ o r a ' t i o n  
(Box 158,  Madison,  P a  15663) 

J .  C.  R .  Kelly, J r .  (2) 

Wcst inghouse Elec t r ic  Corpora t ion  
(Box 158,  Madison, P a  15663) 

C .  A. Anderson 

W est inghous e E l ec t r i c  Corpora t ion  
(Westinghouse Resea r ch  Labo ra to r i e s  
Churchi l l  Borough,  P i t t sburgh ,  
p c n n s  ylvania i 523 5) 

E. Be rky  

USAEC-UKAEA Exchange 
UKAEA 
Reac to r  Group Headqua r t c r s  
R i s l ey ,  Warrington,  Lancashirn 
England 

J. Stephenson (12) 

USAEC- EURATOM Exchange 
EURATOM 

CNEN 
Via Mazzini  2 

. . 
Bologna, I taly 

F .  P ie ran toni  (4) 

C E N  Saclay 
Boite  Pos t a l e  2 
Cif-Sur-  Yvette (Set 0) F r a n c e  

G. Vendryes (10) 

Kernforschungszent rum Kar l s ruhe  
7500 Ka r l s ruhe ,  Ge rmany  

W. Haefele  (10) 

53, R i l e  Rplli.ard 
B r u s s e l s  4, Belgium 

A .  d e s t o r d e u r  (10) 




