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SODIUM MASS TIIANSFER: I TEST LOOP DESIGN. 
-__I- 

I. ABSTRACT 

Higher system temperatures  are  requi red  t o  reduce t h e  opera t ing  c o s t  of 

nuc lea r  power p l a n t s  cooled with sodium. However, t o  r e l i a b l y  design and 

opera te  such a p l a n t ,  experimental  determinat ion of t he  mass t r a n s f e r  and 

me ta l lu rg ica l  e f f e c t s  under r ep resen ta t ive  cohdi t ions  are necessary.  This  

r e p o r t  p re sen t s  t h e  design,  f a b r i c a t i o n ,  assembly, opera t ing  procedures,  

and s t a r t - u p  d a t a  f o r  s i x  experimental  t e s t  l o o p s  t o  examine the  e f f e c t  of 

s t ee l  exposed t o  sodium a t  temperatures  as high as 1300 F. 

are sec t ioned  a t  t h e  end of t h e  program, cor ros ion  data  w i l l  be obtained 

from m e t a l l i c  tabs exposed t o  sodium a t  var ious  l o c a t i o n s  i n  the  loops 

under prescr ibed  t e s t  condi t ions .  The loops  a r e  i d e n t i c a l  i n  design and 

d i f f e r  only i n  t h e  ma te r i a l  used i n  f a b r i c a t i o n .  

Un t i l  t he  loops 

One complete loop  i s  f ab r i ca t ed  from Type 316 S t a i n l e s s  S t e e l ,  one from 

2Sr- lMo a l l o y  s t ee l  and one from SCr-+Mo-&’i a l l o y  s t e e l ;  two loops  are 

cons t ruc ted  of Type 3 1 6 s ~  i n  the  heated o r  ho t  l e g  por t ion ,  and 2Sr- lMo 

a l l o y  s t e e l  i n  the  cooled or  cold l e g  por t ion .  

stream on these  two loops  i s  a l s o  f a b r i c a t e d  from 2Sr- lMo s t ee l .  

s i x t h  loop  i s  cons t ruc ted  of type 316SS i n  t h e  hot  l e g  and SCr-+Mo-&Ti i n  

t h e  cold l eg  and p u r i f i c a t i o n  l eg .  

p u r i f i e d  i n  a s i d e  s t ream by means of a forced convection cold t r a p .  
p a r a l l e l  wi th  t h e  cold t r a p  i s  a plugging i n d i c a t o r  f o r  determining t h e  

oxygen impur i ty  i n  t h e  sodium. 

a r e  designed t o  opera te  a t  a maximum temperature  of 1200 F, and t h e  type 

3 1 6 ~ ~  loop  i s  designed for  opera t ion  a t  1300 F. 

The p u r i f i c a t i o n  s i d e  

The 

I n  each loop  t h e  sodium coolant  i s  

I n  

The t e s t  loops  t h a t  conta in  low a l l o y  s t e e l  

All loops  have sample holders  l oca t ed  i n  t h e  maximum and minimum tempera- 

t u r e  reg ions ,  as wel l  as i n  two in te rmedia te  reg ions  i n  t h e  hot  l e g  and 

a l s o  i n  t h e  cold l e g .  I n  a d d i t i o n ,  t h e r e  i s  a s p e c i a l  sample holder  i n  

t h e  maximum temperature zone t h a t  can be b i o l o g i c a l l y  sh ie lded .  

vated s t e e l  specimen w i l l  be loca t ed  i n  t h i s  sample holder  when t h e  radio-  

a c t i v e  t r a c e r  technique i s  being employed. The cor ros ion  samples are  fab- 

r i c a t e d  from t h e  same material as t h e  sample holder ,  and are  1/16 of an  

inch  t h i c k  by 3/16 of an inch  wide by 3 inches  long ,  

An a c t i -  

Af t e r  c leaning  they  



w i l l  be weighed before  and a f t e r  t e s t  t o  f 0.1 mg i n  order  t o  determine 

t h e i r  change i n  weight. 

of l e s s  than 0.06 mils pe r  yea r  of uniform l o s s  of s t e e l  sample mater ia l .  

This  weighing accuracy w i l l  provide a s e n s i t i v i t y  

I n  o rde r  t o  obta in  prescr ibed t e s t  temperatures  i n  the  sample holders ,  

t h e r e  a r e  e l e c t r i c  h e a t e r s  preceding t h e  f i rs t  th ree  sample holders  i n  

t h e  hot  l e g  and extended su r face  a i r  c o o l e r s  preceding the  t h r e e  cold l e g  

sample holders .  Manual adjustments  a r e  made t o  e s t a b l i s h  t e s t  condi t ions .  

Automatic c o n t r o l  of some of t h e  e l e c t r i c  power t o  t h e  hea te r s  and of some 

of t h e  a i r  t o  t h e  coo le r s  provides  a t r i m  c o n t r o l  t o  maintain prescr ibed 

temperature  condi t ions  dur ing  d a i l y  changes i n  l i n e  vol tage  and ambient 

condi t ions .  

of s e v e r a l  work s h i f t s .  

This  c o n t r o l  permits  unattended loop  opera t ion  f o r  a period 

To provide independent opera t ion ,  each loop  has an ind iv idua l  power t r ans -  

former and e l e c t r i c a l  d i s t r i b u t i o n  system. A contac tor  i n t e r r u p t s  a l l  

power t o  the  loop  i f  t h e  s t o p  but ton  o r  any one of t h r e e  over  temperature  

t r i p s  a r e  a c t i v a t e d .  E l e c t r i c a l  power d i s t r i b u t i o n ,  c i r c u i t  b reakers ,  

automatic  temperature  c o n t r o l l e r s ,  i n e r t  gas c o n t r o l  system and temperature 

i n d i c a t i o n  f o r  about 30 l o c a t i o n s  on each loop  a r e  provided on the  ind i -  

v idua l  ope ra t ing  panels .  The seventh instrument  panel conta ins  a l e v e l ,  

temperature  and flow recorder  f o r  a l l  loops  and a two pen recorder  f o r  

cold t r a p  o r  plugging i n d i c a t o r  da ta .  

This i s  t h e  f i r s t  of a s e r i e s  of r e p o r t s  on t h i s  p ro jec t .  This  r epor t  

con ta ins  d e t a i l e d  information from t h e  conceptual  design s t age ,  through 

f a b r i c a t i o n  and i n s t a l l a t i o n  of t h e  tes t  equipment, and inc ludes  pre- 

ope ra t iona l  t e s t  data. 

t e s t  run. 

f u t u r e  r epor t s .  

The t e s t  loops  a r e  ready f o r  the  f i r s t  cor ros ion  

Resul t s  from ope ra t ing  t h e  t e s t  loops  w i l l  be contained i n  

2 
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11. INTRODUCTION 

Ever s ince  the  U. S. Atomic Energy Commission was e s t a b l i s h e d ,  the Com- 

mission has supported the  development of sodium cooled r e a c t o r  systems 

wi th  t h e  promise of economic e l e c t r i c  power generat ion o r  nuc lear  s h i p  

propuls ion.  

l a t e r ,  a considerable  amount of coolant  technology and cor ros ion  da ta  was 

a v a i l a b l e  f o r  temperatures  up t o  about 1000 F. 

s i f i e d  m i l i t a r y  p r o j e c t s  afforded a small  amount of s h o r t  term da ta  a t  

temperatures  up t o  1600 F. 

By the  time t h i s  p ro jec t  was proposed, some twelve yea r s  

I n  add i t ion ,  c e r t a i n  c l a s -  

Grd 

Based on the  d e t a i l e d  design and cons t ruc t ion  c o s t  es t imates  of s eve ra l  

prototype sodium cooled c e n t r a l  s t a t i o n  type p l a n t s ,  i t  became apparent  

t h a t  t o  be competi t ive,  sodium cooled power p l a n t s  would have t o  develop 

improved p l a n t  e f f i c i e n c y  (ope ra t ion  a t  higher  temperatures)  t o  overcome 

coolant  system equipment cos t s .  

Thus, i n  e a r l y  1958, t h e  Atomic Energy Commission e s t ab l i shed  the  Sodium 

Component Development Program. The ob jec t ives  of t h i s  program a r e  t o  

develop l e s s  expensive and more r e l i a b l e  components a v a i l a b l e  t o  t r a n s f e r  

hea t  from a r e a c t o r  t o  a working f l u i d  system. A s  wi th  any power conver- 

s ion  system, the  higher  the  temperature,  t he  more e f f i c i e n t  the  thermal 

cycle .  A d e t a i l e d  program was e s t ab l i shed  t o  design and operate  equipment 

with maximum temperatures from 1000 t o  1300 F. 

for t h e  Sodium Component Development Program es t ab l i shed  a Working Group 
advisory  committee composed of r ep resen ta t ives  from i n d u s t r y ,  n a t i o n a l  

l a b o r a t o r i e s ,  and t h e  AEC t o  recommend experimental  and developmental pro- 

grams t o  produce t h e  des i red  coolant  technology and equipment design c r i -  

t e r ia .  

by the  Working Group. 

t h i s  c o n t r a c t  a r e  complementary t o  o ther  p r o j e c t s  sponsored by the  Sodium 

Component Development Program. 

AEC personnel respons ib le  

The sodium &ss Transfer  P ro jec t  i s  one of t h e  p r o j e c t s  recommended 

The t e s t  condi t ions  and ma te r i a l s  e s t ab l i shed  i n  

The work reported here in  was performed under USAEC con t r ac t  AT(OL+-3)-189- 
P ro jec t  Agreement No. 15  - Mass Transfer  I n v e s t i g a t i o n s  i n  Liquid Metal 
Systems a t  Moderately High Temperatures. This  p ro jec t  c o n s i s t s  of design- 
ing ,  f a b r i c a t i n g ,  opera t ing  and eva lua t ing  da ta  from s i x  experimental  
sodium t e s t  loops designed t o  determine the  r a t e  of me ta l l i c  mass t r a n s f e r  
f o r  a group of s t e e l s .  
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The ma te r i a l  composition of t h e  loops a r e  as  fol lows:  

a. 

b. One l o o p  o f  23r-lMo. 

e.  One loop  of SCr-+Mo-&’i. 

d. 

e. 

f .  

One loop  of type 316 s t a i n l e s s  s t e e l .  

One b ime ta l l i c  loop  of  316 s t a i n l e s s  s t e e l  and 2&r-lMo. 

One b ime ta l l i c  loop  of 316 s t a i n l e s s  s t e e l  and SCr-$Mo-+Ti. 

One loop  w i l l  d u p l i c a t e  i t e m  d above but  w i l l  vary e i t h e r  i n  veloc- 

i t y  o r  opera t ing  philosophy. 

Included i n  t h i s  r e p o r t  i s  a d e s c r i p t i o n  of t h e  design,  f a b r i c a t i o n ,  i n s t a l -  

l a t i o n  and check-out of t hese  t e s t  loops.  

A s  s t a t e d  i n  t h e  c o n t r a c t ,  t h e  f i rs t  f i v e  loops  are t o  run i n i t i a l l y  as  a 

material screening  t e s t  t o  de t e rmine  mass t r a n s f e r  and/or  corrosion of ma- 

t e r i a l s  under t h e  fol lowing condi t ions :  

a. 

b. 

Sodium v e l o c i t y  up t o  30 f t / s e c .  

Mximum temperatures  1200 F f o r  a l l  l o o p s ,  except  t h e  316SS loop 

which w i l l  be i n i t i a l l y  run a t  1300 F. 

c. Temperature d i f f e r e n t i a l  from hot t o  cold l e g :  500 F. 

d .  Sodium pur i ty :  50 ppm oxygen. Other contaminents s h a l l  be meas- 

ured and held cons tan t  as  f a r  a s  poss ib le .  

The second b i m e t a l l i c  316SS-2&r loop  (which w i l l  be ca l l ed  #2)  w i l l  be 

operated a t  t h e  above condi t ions  except  t h e  sodium pur i ty  w i l l  be reduced 

t o  about  10  ppm oxygen. 

The s tee ls  t o  be t e s t e d  a r e  t h e  same as  were used t o  f a b r i c a t e  the  loops.  

These inc lude  316SS, 2$-1Mo and SCr-+Mo-&i a l l o y  s t e e l .  

me ta l lu rg ica l  d a t a  i s  t o  be obtained from removable cor ros ion  samples lo-  

cated i n  var ious  temperature  reg ions  around t h e  loop,  and from var ious  seg- 

ments of t h e  loop  i t s e l f .  

ob ta in  a d d i t i o n a l  d a t a  by p l ac ing  an ac t iva t ed  f o i l  sample i n  t h e  maximum 

temperature region.  

i n  t h e  t e x t  and appendices.  

Corrosion and 

A r ad ioac t ive  t r a c e r  method i s  t o  be used t o  

Analysis  of’ sodium and me ta l l i c  samples a r e  descr ibed .. 
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The t e s t  v a r i a b l e s  inc lude  material, maximum temperature,  d i f f e r e n t i a l  temp- 

e r a t u r e  and oxygen impuri ty  of t h e  sodium passing over t h e  samples. The 

tes t  v a r i a b l e s  descr ibed above, a r e  cons i s t en t  with t h e  primary v a r i a b l e s  

that have been determined i n  previous p r o j e c t s  and are a n t i c i p a t e d  t o  have 

t h e  most s i g n i f i c a n t  e f f e c t  on t h e  cor ros ion  r a t e s  determined by t h i s  pro- 

j e c t .  

oxygen, v e l o c i t y  of t h e  coolan t  p a s t  t h e  sample and t h e  l e n g t h  of t i m e  t h a t  

t h e  s t e e l  samples a r e  subjected t o  t h e  sodium. 

Other t e s t  v a r i a b l e s  inc lude  impur i t i e s  i n  t h e  sodium o the r  than  

The cons t ruc t ion  (or  t e s t )  ma te r i a l s  and sodium were purchased i n  accord- 

ance wi th  commercial s p e c i f i c a t i o n s  and w i l l  be used i n  t h e  i n i t i a l  screen- 

i n g  t e s t s .  The e f f e c t  of s h u t t i n g  down and s t a r t i n g  up t h e  loop  for remov- 

i n g  samples or inadve r t en t  stoppage of  loop  opera t ion ,  may be s i g n i f i c a n t .  

A t  t h i s  t ime,  however, t h e r e  appears t o  be no evidence i n  a v a i l a b l e  l i ter-  
a t u r e  t h a t  i n t e r rup ted  opera t ion  w i l l  a f f e c t  t h e  cor ros ion  ra te  o r  metal- 

l u r g i c a l  r e s u l t s ;  s o  it i s  planned t o  d r a i n  the  loops and cool  them t o  about 

300 F p r i o r  t o  removing samples a t  scheduled per iods.  The loops  a r e  t o  be 

operated as cont inuously a s  poss ib l e  wi th in  the  t e s t  condi t ions  and sched- 

uled shutdowns. Throughout t h i s  r epor t  t h e r e  are f requent  re ferences  t o  

the  "Hot Leg!', "Cold Leg" and " P u r i f i c a t i o n  Leg" regions of t he  t e s t  loops,  

t hey  a r e  def ined as fol lows:  

a. The h o t  l e g  i s  t h a t  p o r t i o n  of t h e  l o o p  where t h e  temperature  i s  

increas ing .  
H1, H 2 ,  H3 and H3R. 

The cold leg i s  t h a t  por t ion  of t h e  loop  where t h e  temperature i s  

decreasing.  I t  conta ins  t h e  t h r e e  main coo le r s  and sample holders  

C 1 ,  C2 and C3. 
The p u r i f i c a t i o n  l e g  c o n s i s t s  of t he  bypass i n l e t  va lve ,  bypass 

flow meter, a u x i l i a r y  cooler ,  plugging i n d i c a t o r ,  cold t r a p ,  and 

t h e  o u t l e t  va lves  f o r  t h e  i n d i c a t o r  and t r ap .  

It  con ta ins  the  t h r e e  main h e a t e r s  and sample holders  

b. 

c. 

Detai led d e s c r i p t i o n s  of t h e s e  components a r e  contained i n  l a t e r  s e c t i o n s  

of t h i s  r epor t .  These d e f i n i t i o n s  of t h e  t h r e e  major loop  subassemblies,  

a r e  presented t o  c l a r i f y  such re ferences .  



One of t h e  c r i t e r i a  f o r  des igning  t h e  t e s t  loops was t o  simulate, o r  pro to-  

type on a miniature  s c a l e ,  condi t ions  t h a t  might be obtained dur ing  the 
opera t ion  of a l i q u i d  metal cooled r eac to r  system. 

r e p r e s e n t a t i v e  of e i t h e r  t he  primary o r  t h e  secondary c i r c u i t  i n  a r e a c t o r  

system. For example, t h e  hot  l e g  would r ep resen t  t h e  r e a c t o r  (with no 
nuc lear  e f f e c t s  on t h e  s t e e l )  o r  t he  secondary s i d e  of an in te rmedia te  h e a t  

exchanger. The cold l e g ,  correspondingly,  would represent  e i t h e r  t h e  pr i -  
mary s i d e  of t h e  in te rmedia te  hea t  exchanger o r  t h e  steam generator .  The 

emphasis on t h e  low a l l o y  s t e e l s  i s  deemed necessary due t o  t h e  f a c t  t h a t  

most of t h e  p r e s e n t l y  i n s t a l l e d  steam genera tors  a r e  f ab r i ca t ed  from t h i s  

type of water s i d e  cor ros ion  r e s i s t a n t  and l e s s  expensive material, and 

t h a t  f u t u r e  steam genera tors  probably a l s o  w i l l  be f ab r i ca t ed  from t h i s  

type of s teel .  

These loops could be 

It w a s  recognized from t h e  beginning t h a t  t hese  t e s t  loops  would have t o  

inc lude  a pump f o r  f o r c i n g  c i r c u l a t i o n  of t h e  sodium i n  o rde r  t o  ob ta in  t h e  

v e l o c i t i e s  required by t h e  cont rac t .  I n  f a c t ,  t h e  pressure  drop i s  i n  t h e  

order  of 100 p s i  which i s  comparable with t h a t  of a r e a c t o r  cool ing  system. 

P u r i f i c a t i o n  of t h e  sodium with a forced convection cold t r a p  and t h e  a b i l -  

i t y  t o  monitor t h e  plugging temperature (oxide con ten t )  with a plugging 

meter w i l l  provide good c o n t r o l  of t h e  sodium pur i ty .  

cor ros ion  data i s  ques t ionable  with regard  t o  c o n t r o l  and monitoring of 

t h e  sodium impur i t i e s .  

Much of t h e  e x i s t i n g  

Appendix A con ta ins  da ta  from r e p o r t s  which were reviewed dur ing  a s h o r t  

term l i t e r a t u r e  survey t o  ob ta in  p e r t i n e n t  information f o r  t h e  design of 

t h i s  type of equipment. Four a d d i t i o n a l  l e t t e r  r e p o r t s  and a s e t  of com- 

ponent f a b r i c a t i o n  drawings a r e  a l s o  contained i n  t h e  Appendices. Refer- 

ence t o  appropr i a t e  appendices appear i n  t h e  t e x t  of t h i s  r epor t .  

This  r e p o r t  provides  information on the  des ign , fabr ica t ion  and pre-opera- 

t i o n a l  t e s t s  of t h e  s i x  t e s t  loops.  

information i n  t h i s  r e p o r t  was December 1960. 
provide t h e  r e s u l t s  obtained from ope ra t ing  t h e  t e s t  loops  and a descr ip-  

The e f f e c t i v e  c u t  of f  d a t e  f o r  t he  

Subsequent r e p o r t s  w i l l  
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t i o n  of spec ia l i zed  techniques used t o  analyze the  sodium and m e t a l l i c  sam- 

p les .  

w i l l  be developed. 

Af t e r  i n i t i a l  data becomes a v a i l a b l e  t h e  cont inuing t e s t  program 

The fo l lowing  sec t ion  i n  t h i s  r epor t  descr ibed t h e  design philosophy, de- 

t a i l e d  des ign  and assembly of t he  t e s t  loops  and c o n t r o l  panels;  i n s t a l l a -  

t i o n  i n  t h e  t e s t  bu i ld ing;  pre-operation t e s t s  and procedures f o r  i n i t i a l  
opera t ion .  

111. DESIGN, FABRICATION AND ASSEMBLY 

I11 A General 

111 B 

I11 C Assembly and I n s t a l l a t i o n  

I11 D E l e c t r i c a l  Power Supply 

I11 E Control  and Instrumentat ion 

Design of Tes t  Loop Components 

I11 A General 

Supplemental t e s t  loop  s p e c i f i c a t i o n s  and opera t ing  condi t ions  were estab- 

l i s h e d  dur ing  design review meetings w i t h  t h e  AEC. 

lowing: 

These included t h e  fo l -  

1. 

2. 

3 .  

4.. 
5 .  

6. 

7. 

Figure 8 type loops  should not be considered. 

B ime ta l l i c  loops  should have t h e  f e r r i t i c  ma te r i a l  i n  t he  cold 
l e g  and t h e  a u s t e n i t i c  mater ia l  i n  t he  hot  l eg .  

The loops  should have one-half of t h e  wetted a r e a  i n  t h e  increas-  

i n g  temperature region (ho t  l e g )  and t h e  o the r  ha l f  i n  t h e  de- 

c reas ing  temperature zone (cold l e g ) .  

Heat f l u x  i n  t h e  h e a t e r s  should be nominal; p re fe rab ly  low. 

Corrosion r a t e s  should be determined by t ab3  (o r  samples) loca ted  

a t  var ious  temperature regions i n  both t h e  hot  l e g  and i n  t h e  

cold l e g  regions.  

Weight change of t h e  samples should be obtained as a func t ion  of 

ope ra t ing  time. 

Samples should be changed dur ing  t h e  run under opera t ing  condi- 

t i o n s .  

(Remove samples dur ing  t h e  t e s t  run . )  

7 



8 .  Radioactive t a b s  ( f o i l  samples) t o  be in se r t ed  i n  the  maximum 

temperature region of t h e  316SS loop  i n i t i a l l y .  

All s t a i n l e s s  loops  t o  be designed f o r  1300 F opera t ion  while 

o the r  loops conta in ing  f e r r i t i c  a l l o y  s t e e l s  t o  be designed for 

1200 F maximum temperature.  

I n i t i a l  t e s t  opera t ion  t o  have i n t e r m i t t e n t  cold t r a p  opera t ion  

t o  maintain prescr ibed oxygen l e v e l s .  La ter  opera t ion  may in-  

c lude continuous cold t r a p  opera t ion .  

9. 

10. 

During t h e  conceptual des ign  s t age  of t h e  t e s t  loops ,  a flow shee t  and var- 

i ous  design phi losophies  were developed t o  meet these  s p e c i f i c a t i o n s .  The 

f i n a l  flow shee t  with superimposed, i dea l i zed  component o u t l i n e s  and r e l a -  

t i v e  e l e v a t i o n s  of t he  p a r t s  could,  i n  genera l ,  be subs t i t u t ed  f o r  an ele- 
va t ion  view of the  t e s t  loop. This  flow shee t  i s  referenced f r equen t ly  i n  

t h i s  des ign  r e p o r t  and i s  presented as Figure 111-1. 

The s i x  forced c i r c u l a t i o n  t e s t  loops  a r e  geometr ical ly  i d e n t i c a l  except  

f o r  t h e  ma te r i a l  of f a b r i c a t i o n .  

of test  r e s u l t s  between t h e  loops.  

seven flanged sample holders  i n t e r spe r sed  wlth t h r e e  h e a t e r s  and t h r e e  a i r  

coolers .  Serv ice  func t ions  are provided by an electromagnet ic  pump, surge 

tank ,  dump tank ,  cold t r a p ,  and plugging i n d i c a t o r .  In te rconnec t ing  l i n e s  

a r e  p r i n c i p a l l y  &inch p ip ing  with 1-inch p ip ing  used i n  the  cold l e g  t o  

f a c i l i t a t e  finned cooler  connections.  &inch p ip ing  was used i n  t h e  flow 

meters t o  permit more accu ra t e  flow measurements i n  the  low flow (0.2 t o  

1.0 gpm) range planned f o r  t h e  experiments. There a r e  no valves  loca ted  

i n  t h e  main c i r c u l a t i n g  stream, bu t  fou r  va lves  a r e  used t o  i s o l a t e  t h e  

d r a i n  and p u r i f i c a t i o n  systems. They are or ien ted  s o  t h a t  t h e  bellows s i d e  

of t he  valve i s  away f r o m t h e  main flow stream. During opera t ion  these  

fou r  va lves  a r e  normally closed.  

This  concept provides  d i r e c t  comparison 

Primary components of each loop  inc lude  

As descr ibed i n  t h e  sample holder  design s e c t i o n ,  t he  design flow r a t e  was 

se l ec t ed  t o  be one gpm. This was a compromise between power and pump re- 

quirements and p r a c t i c a l  sample and flow passage dimensions. The hea te r s  

8 

A 

A 



n n SURGE TANK I 
.. ,............ ...-..:. ...... ;;;:.':.~: . i  :,. - m c3 i.: :.-... ;::;.:.::::i 

I 

- 

PLUGGING P L A T E  

PLUGGING COOLER 

LEGEND 
2, & 3 - COLD LEG SAMPLE HOLDERS 
2, 3, & 3R - HOT L E G  SAMPLE HOLDERS 
CODE 

BY-PASS PURIFICATION LEG 

F I L L  & DRAIN L I N E  

DUMP TANK 

276-41 

FIGURE 111-1 FLOW SHEET 



and coo le r s  were designed t o  provide spec i f i ed  temperature a t  t h e  sample 

holders  wi th  t h e  des ign  flow r a t e .  F l e x i b i l i t y  i n  appl ied  hea t ing  and 

cool ing  ra tes  (sample holder  temperatures)  i s  accomplished by manually 

a d j u s t i n g  t h e  e l e c t r i c a l  power i n p u t  t o  t h e  h e a t e r s  and t h e  cool ing  a i r  

flow t o  t h e  extended su r face  coolers .  

The b a s i c  loop des ign  c r i t e r i a  was opera t ing  r e l i a b i l i t y .  

imize i n t e r f e r e n c e  from neighboring t e s t  loops  each loop was provided wi th  

i n d i v i d u a l  power d i s t r i b u t i o n  and opera t ing  panels .  Common u t i l i t i e s  pro- 

vided f o r  each loop  included e l e c t r i c a l  power from the  t e s t  bu i ld ing  4.80 

v o l t  d i s t r i b u t i o n  panel ,  inst rument  power from t h e  2,!+O/l2O v o l t  bu i ld ing  

panel  and a common low pressure  (15 p s i g )  argon gas  supply. 

i t s  i n d i v i d u a l  over temperature power c u t  o f f  ( s a f e t y )  system and is pro- 
vided wi th  l imi t ed  range ( less  than  10%) automatic  c o n t r o l  of t h e  maximum 

temperature  (hea te r  c o n t r o l s )  and minimum temperature ( a i r  damper controls) .  

Th i s  f e a t u r e  provides  more n e a r l y  cons tan t  t e s t  condi t ions  dur ing  unat- 

tended loop  opera t ion .  Manual da t a  logging i s  supplemented by two multi- 

po in t  r eco rde r s  t h a t  monitor t h e  maximum and minimum temperature ,  l eve l ,  

and flow sf each loop.  

I n  order  t o  min+ 

Each loop  has  

I n  a d d i t i o n  t o  normal func t ions ,  t h e  surge tank was designed t o  disengage 

any gas  i n  t h e  sodium. 

s ign  wi th  a very low flow v e l o c i t y  i n  the  l i q u i d  phase and a l i q u i d  l e v e l  

i n d i c a t o r  so t h a t  t he  ope ra to r s  can maintain s u f f i c i e n t  l i q u i d  submergence. 

Th i s  was done by providing a flow through type de- 

The p u r i f i c a t i o n  l e g  c o n s i s t s  of a flow meter, a u x i l i a r y  a i r  coo le r ,  cold 

t r ap ,  plugging i n d i c a t o r  und necessary e l e c t r i c a l  hea t ing  and a i r  cool ing  
f ' a c i l i t i e s .  An economizer hea t  exchanger was no t  i n s t a l l e d  because of t h e  

small amount of hea t  t o  be d i s s i p a t e d ;  t he  a n t i c i p a t e d  in f r equen t  use of 

t h e  equipment; and t o  minimize t h e  amount of su r face  a rea  i n  t h e  por t ion  

of t h e  loop. 

E l e c t r i c a l  r e s i s t a n c e  hea t  was chosen f o r  t h e  main hea te r s  t o  provide the  

mnaxiinurri f l e x i b i l i t y  or hea t  i npu t  t o  each of t he  th ree  u n i t s .  

type h e a t e r s  were chosen f o r  high r e l i a b i l i t y .  

r i a l  c:ontiriui t y  the inconel  c l a d  u n i t s  were f i t t e d  i n t o  thimbles  f ab r i ca t ed  

Immersion 

However, t o  maintain mate- 



. from t h e  same mater ia l  a s  t h a t  of t h e  ho t  l eg .  

a s h e l l  and tube  exchanger with t h e  h e a t e r s  i n s e r t e d  i n  the  tubes.  

coolant  flow was purposely designed t o  be low i n  order  t o  provide n a t u r a l  

convection a s s i s t a n c e  i n  e q u a l i z i n g  t h e  sodium temperature i n  t h e  hea ters .  

It i s  a n t i c i p a t e d  t h a t  some of t h e  seven hea t ing  u n i t s  w i l l  no t  be ener- 

gized o r  w i l l  be operated a t  very low power during some t e s t  operat ions.  

The u n i t s  are similar t o  

The 

Considerable e f f o r t  was devoted t o  t h e  des ign  of t h e  samples and sample 

holders .  Design d e t a i l s  are presented i n  t h e  next  subsect ion of t h i s  re- 

p o r t .  Presented below, i s  a l i s t  of t h e  f u n c t i o n s  t h a t  t h e  sample holder  

i s  required t o  provide: 

1. 
2. 

3. 
4. probe f o r  measuring temperature 

5. pre-heating f a c i l i t y  

access  f o r  i n s e r t i n g  and removing cor ros ion  samples 

support  and p o s i t i o n i n g  of t h e  samples 

f low passages f o r  t h e  sodium around t h e  samples 

Once t h e  approximate s i z e  of t h e  samples and flow passages were es tab l i shed  

a c c e s s i b i l i t y  f o r  changing t h e  samples under t h r e e  condi t ions  were s tudied.  

These condi t ions  were a s  follows: 

1. Drain loop ,  open holders  t o  room a i y  a t  about 300 F. Manually 
remove and rep lace  samples. 

Same a s  above but  exclude a i r  by means of a p r o t e c t i v e  ( i n e r t  

gas )  atmosphere. 

Change samples during opera t ion  a t  t e s t  condi t ions.  

2. 

3. 

Provis ions  f o r  t h e  f i r s t  two condi t ions  were achieved by a double (concen- 

t r i c )  f lange  design.  

system and samples. 

t h e  second condi t ion  a p o r t a b l e  d r y  box t h a t  could be evacuated and purged 

wi th  argon p r i o r  t o  opening t h e  i n n e r  f l a n g e  was at tached t o  t h e  sample 

holder  wi th  t h e  outer  f l ange .  

The smaller f l a n g e  provided a c c e s s  t o  t h e  sodium 

For  condi t ion  1 t h i s  i s  t h e  only f lange  used. For 
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Prel iminary cons idera t ion  of t h e  problems assoc ia ted  wi th  t h e  t h i r d  condi- 

t i o n  (opening t h e  system wi th  1300 F sodium a t  about 75 p s i  pump d ischarge)  

encouraged a review of t h e  n e c e s s i t y  of t h i s  requirement. See t h e  f eas i -  

b i l i t y  r epor t  on t h i s  sub jec t  i n  Appendix D f o r  some concept of t h e  equip- 

ment required.  A s  a r e s u l t  of t h i s  r e p o r t  and  t h e  l ack  of evidence i n  

a v a i l a b l e  l i t e r a t u r e  t h a t  d r a i n i n g  and cool ing  down a t e s t  loop  i s  d e t r i -  

mental t o  the  cor ros ion  da ta ,  i t  was recommended t h a t  no f u r t h e r  work should 

be devoted t o  developing such a mechanism. 

d e s i r a b l e  t o  have such a device  i t  i s  poss ib l e  t h a t  t h e  double f l ange  sam- 

p l e  holder  could be modified t o  form a component of a f u t u r e  sample removal 

device.  

If a t  a l a t e r  time i t  becomes 

The loops  and components were designed for opera t ion  under t h e  fo l lowing  

cond it i on s : 

Temperature 

Main Loop - Maximum Temperature 

316 S t a i n l e s s  s t ee l  (monometall ic) 1300 F 

A l l  o t h e r  loops  1200 F 

Surge Tank 1000 F 

Dump Tank 1000 F 

Bypass p u r i f i c a t i o n  l e g  

i n l e t  800 F 

o u t l e t  300 F 

Pressure  

Surge tank 

Sodium va lves  

Remainder of system 

50 p s i  

40 p s i  
100 p s i  

System A T  

12 

500 F 

A 



Veloci t g  

Hot l e g  samples 

high v e l o c i t y  

low v e l o c i t y  

Cold l e g  samples 

30 f p s  
10 f p s  

10 f p s  

Flow 

Main l o o p  
Cold t r a p  (with a u x i l i a r y  c o o l e r )  

1.0 gpm 8 1000 F 

0.2 gpm @ 800 F 

System Pressure Drop 70 p s i  63 1 gpm 

T o t a l  Heat Input  

Preheat  

Test  c ond it i on s 

4 KW 
25 KW 

Allowable S t r e s s  

The loops  were designed i n  accordance with the  code f o r  pressure  

p ip ing ,  ASA B31.1-1955 and with Sect ion VI11 of t h e  ASME: b o i l e r  
code. ( S t r e s s  va lues  f o r  t h e  f e r r i t i c  ma te r i a l s  were extrapo- 

l a t e d .  

Allowable S t r e s s  Mat e r i a1 
TP 316SS 1300 F 4000 psi 

24Cr-lMo 1200 F 2000 p s i  

12.00 F 1200 p s i  5C r -&Mo-&’ i 

Te mpe r a t  u re  

I n  subsequent p a r t s  of t h i s  s e c t i o n  t h e  des ign  of each of t h e  l o o p  compo- 
nen t s  w i l l  be considered ind iv idua l ly .  Shop drawings of t h e  major compo- 

nen t s  and loop  assembly are found i n  Appendix F. 
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I11 B Desim of Tes t  Loop Components 

The fo l lowing  t e x t  and assoc ia ted  i l l u s t r a t i o n s  present  a desc r ip t ion  and 

d i scuss ion  of t h e  des ign  of t h e  var ious  t e s t  loop  components. 

B1 Sample Holders B 6  P u r i f i c a t i o n  System 
I 

B2 Main Heaters  B7 Valves 

B3 Coolers B8 Dump Tanks 

BL, Surge Tanks B9 Prehea ters  

B5  Pumps 

B1 Sample Holders 

A s  t h e  name impl ies  t h e  sample holders  were designed t o  hold t h e  cor ros ion  

samples. 

cond i t ions  which were e s t ab l i shed  f o r  t h i s  t e s t  program. 

The des ign  of t h e  holders  was governed l a r g e l y  by the  fol lowing 

a. 

b. 

C .  

d .  

e .  

f .  

g.  

Minimum number of‘ sample holders  - s i x  ( a c t u a l l y  seven i n s t a l l e d ” ) .  

1) Hot l e g  ho lde r s  loca ted  a t  Tmax, Tmax-100 F ,  Tmax-LOO F 

regions.  

Cold l e g  holders  loca ted  a t  Tmax--100 F, Tmax-200 F ,  and Tmin 

(Tmax-500 F )  reg ions .  
2) 

Samples loca ted  a t  Tmax and Tmin a r e  t o  be removed i n i t i a l l y  a t  

t he  end of one, two, and f o u r  months. Other samples t o  be removed 

a t  end of t h e  f o u r  month period only.  

Samples t o  be loaded and discharged wi th  neg l ig ib l e  contamination. 

Tmax holder  l o c a t i o n  t o  be s u i t a b l e  for conta in ing  an i r r a d i a t e d  

specimen (-0.1 c u r i e ) .  

Veloc i ty  p a s t  h o t  l e g  samples: 30 f t / s e c .  maximum. 

System flow: 1 gpm. 

Temperature of sample holder  t o  be measured. 

A t o t a l  of seven sample holders  were developed by the  design condi t ions.  

I tems d and e i n d i c a t e  t h a t  t h r e e  30 f’t /sec samples should be provided 

a t  Tmax. In order  t o  s a t i s f y  i tem d ,  one of t h e  Tmax holders  must be 

capable of s t o r i n g  an a c t i v a t e d  specimen and hence should be biolog- 

i c a l l y  sh ie lded .  A p r a c t i c a l  way of meeting these  condi t ions  was t o  

provide two sepa ra t e  sample holders  a t  the Tmax loca t ion .  



The cor ros ion  sample s i z e  was se l ec t ed  t o  provide s u f f i c i e n t  a r e a  f o r  

weight change measurements. Thickness requirements f o r  a l l  but t h e  i r r a -  

d i a t ed  samples was es t ab l i shed  a t  1/16 inches  i n  order  t o  f a c i l i t a t e  sub- 

sequent metal lographic  examinations. A r ec t angu la r  flow passage with the  

sample or ien ted  on t h e  d iagonal  was se l ec t ed  as t h e  most convenient method 

of achiev ing  maximum sample a r e a  without  encounter ing excess ive ly  small 

f low passages.  I n  order  t o  minimize t h e  c o s t  of t h e  power supply and loop, 

and y e t  provide adequate cor ros ion  da ta ,  t h e  system was designed f 6 r  a nom- 

i n a l  f low of 1 gpm. Hence, t o  provide 30 f p s  v e l o c i t y  t h e  c ross -sec t iona l  

f low area surrounding t h e  samples was f ixed  a t  0.0107 i n  square inches.  

Numerous conf igu ra t ions  were considered i n  e s t a b l i s h i n g  a re ference  sample 

and flow passage design.  A c y l i n d r i c a l  f low passage was o r i g i n a l l y  pro- 

posed due t o  t h e  s i m p l i c i t y  of f a b r i c a t i o n .  However, maximum sample a rea ,  

compatible wi th  t h e  system des ign  l i m i t a t i o n s ,  was considered h ighly  des i r -  

able i n  an  e f f o r t  t o  minimize weight measurement e r r o r s .  

mens of va r ious  c ros s  s e c t i o n s  such as square,  t r i a n g u l a r ,  c i r c u l a r  and 

annular  were evaluated.  A l l  of t hese  conf igura t ions  provided l e s s  exposed 

su r face  area and/or smal le r  c learances  between the  sample and flow passags 

w a l l  t han  t h e  r ec t angu la r  c ross -sec t ion  se l ec t ed .  The o the r  conf igura t ions  

considered were undes i rab le  because: 

Corrosion speci-  

a. Extremely small clearance between the tube and flow passage sur- 

faces .  

D i f f i c u l t y  i n  mechanically support ing and/or pos i t i on ing  t h e  sam- 

p l e  while r e t a i n i n g  convenient removabi l i ty  and, 
b. 

c. Sample alignment and l o c a t i o n  wi th  uniform clearances.  

One of t h e  advantages of t h e  r ec t angu la r  sample i n  a r ec t angu la r  coolant  

passage i s  t h e  extreme v a r i a t i o n  of flow v e l o c i t y  across  each f ace  of' t h e  

sample. If v e l o c i t y  i s  a s i g n i f i c a n t  f a c t o r  assoc ia ted  wi th  me ta l lu rg ica l  

e f f e c t s  o r  t h e  cor ros ion  ra te ,  the  appearance of t h e  sample a f t e r  exposure 

should i n d i c a t e  such an e f f e c t .  
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A des ign  cor ros ion  r a t e  of  1 0  mg/dm2-mo (equiva len t  t o  0.06 mils/yr uniform 

metal l o s s )  was est imated from e x t r a p o l a t i o n  and i n t e r p o l a t i o n  of a v a i l a b l e  

mass t r a n s f e r  da t a .  See Appendix B for a d i scuss ion  of es t imated cor ros ion  

r a t e s .  

was used i n  e s t a b l i s h i n g  a sample a rea  which corresponded t o  a minimum 

weight change value which was g r e a t e r  than the  combined weighing e r r o r s .  

U t i l i z i n g  a balance capable of measurements t o  0.05 mg it  was est imated 

t h a t  t he  g ross  e r r o r ,  i nc lud ing  v a r i a t i o n s  due t o  c leaning  and handl ing 

samples was less than 0.25mg. 

This  value wi th  cons ide ra t ion  of t h e  minimum t e s t  period (1 month) 

Since a weight change measurement i s  based upon a two weight determinat ion,  

a maximum weighing e r r o r  of 0.5 mg was used t o  design the  cor ros ion  sam- 

p les .  On t h i s  basis t h e  minimum exposure su r face  area for each corrosion 

sample should be 5 cm . 
t o r ,  and t o  provide a sample t h i c k  enough for meta l lu rg ica l  examination 

t h e  co r ros ion  samples a r e  designed t o  be 1/16-inch t h i c k  by 0.165 wide by 

2-15/16-inches long  w i t h  a t o p  ex tens ion  5/16-inch wide by 7/64-inch long. 

'The t o t a l  exposed area of' each sample i s  5.3 cm . 
t o  p o s i t i o n  the  sample i n  the  €low passages by: 

2 To meet t h i s  requirement with a small s a f e t y  fac-  

2 The top  ex tens ion  serves  

a. Prevent ing t h e  sample from s l i p p i n g  downward due t o  the  overhang 

beyond t h e  edge of t h e  i n s e r t  s l o t .  

Limit ing upward movement a s  a r e s u l t  of t he  small  c learance  be- 

tween t h i s  sample ex tens ion  and t h e  bottom of t h e  blank f l ange  

sample holder  cover.  

Limit ing movement i n  t h e  d iagonal  p o s i t i o n  as  a r e s u l t  of being 

r e s t r i c t e d  by a 1/16-inch diameter  p in  a t tached  t o  t h e  c e n t e r  of 

t h e  i n s e r t  and t h e  corners  of the s l o t .  

b. 

c .  

The a c t i v a t e d  s t ee l  sample i s  designed t o  have t h e  same exposed su r face  

a r e a  wi th  a minimum mass ( t h i c k n e s s )  t o  reduce b i o l o g i c a l  handl ing and 

s h i e l d i n g  problems. F o i l  samples 1/10 t h e  th ickness  of t h e  cor ros ion  sam- 

p l e s  (1/16-inch) seemed t o  be a reasonable  compromise between ruggedness 
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and r a d i o a c t i v i t y .  

and 3 inches  long. 

"V" t o  make i t  more r i g i d  and l e s s  s u s c e p t i b l e  t o  v i b r a t i o n  du r ing  expo- 

s u r e  cond i t ions .  The width of t h i s  sample i s  s i zed  t o  f i t  w i t h i n  a spe- 

c i a l  r e c t a n g u l a r  passage 1/16 x 3/16-inch i n  c ross -sec t ion .  

passage was u t i l i z e d  f o r  t h e  same reasons  descr ibed  above. The f o i l  i s  

r e s t r i c t e d  from v e r t i c a l  motion by t h e  c l o s e  f i t t i n g  sample ho lde r  cover  

and by a 1/16-inch diameter  wire  loca t ed  a c r o s s  t h e  bottom of t h e  coo lan t  

passage. 

ho lder  body. 

The r e s u l t i n g  f o i l  des ign  i s  0.005 f 0.002-inch t h i c k  

The f o i l  i s  crimped a long  i t s  c e n t e r  l i n e  t o  form a 

A r e c t a n g u l a r  

The wire  i s  welded t o  t h e  i n s e r t  p r i o r  t o  assembly in t , o  t h e  

2 Based upon t h e  f o i l  dimensions,  an assumed t r a n s p o r t  r a t e  of  10 mg/dm -mo 

and i r r a d i a t i o n  data g iven  i n  Appendix C ,  i t  was concluded t h a t  an a c t i -  

v a t i o n  l e v e l  of 0.10 c u r i e s / f o i l  was s u f f i c i e n t  t o  provide measurable dep- 

o s i t i o n  a t  t h e  s tandard  co r ros ion  samples. For personnel  p r o t e c t i o n ,  

approximately lcrr of lead s h i e l d i n g  around t h e  r a d i o a c t i v e  f o i l  sample 

ho lde r  i s  c a l c u l a t e d  t o  be adequate  f o r  reducing  t h e  dose r a t e  t o  l e s s  

t h a n  2 m / h r  i n  t h e  o p e r a t i n g  r eg ion  around t h e  loops.  

l i z i n g  t h e  r a d i o t r a c e r  technique  non-act ivated samples w i l l  be l o c a t e d  i n  

t h e  H3R sample holder .  F o i l s ,  a c t i v a t e d  o r  n o t ,  w i l l  be f a b r i c a t e d  of  t h e  

same m a t e r i a l  as t h e  sample holder  ( h o t  l e g  of t h e  l o o p ) .  

For t e s t s  no t  u t i -  

A partially exploded view of a typical sample holder is illustrated in 
Figure  111-2. 
machined from b a r  s t o c k  of t h e  material as t h a t  s e l e c t e d  f o r  t h a t  p a r t i c -  

u l a r  s e c t i o n  of t h e  loop.  

2-inch kr rnan  Conoseal f l a n g e  assembly t o  f a c i l i t a t e  i n s e r t i o n  o r  removal 

of co r ros ion  samples. The female f l a n g e  o f  t h e  conosea l  i s  welded t o  t h e  

holder  while  t h e  male f l a n g e  i s  p a r t  of t h e  removal cap. 

ho lder  i s  designed t o  c o n t a i n  two s t e e l  i n s e r t s  0.625 i n c h  d iameter  x 3 
inches  long  which a r e  pressed i n t o  reamed ho le s  i n  t h e  body. 

A l l  components of  t h e  sample ho lde r  exposed t o  sodium a r e  

The upper p a r t  of  t h e  body i s  a t t ached  t o  a 

Each sample 

Three d i f f e r e n t  s l o t  ( coo lan t  passage)  c o n f i g u r a t i o n s  were u t i l i z e d  f o r  

t h e  sample ho lde r  i n s e r t  des ign .  The dimensions a r e  based on 1 gpm l o o p  
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FIGURE 111-2 SAMPLE HOLDER 
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flow wi th  a cor ros ion  sample loca ted  wi th in  the  s l o t .  

cor ros ion  sample i n s e r t e d ,  s l o t s  0.115-inches wide by 0.180-inches deep 

were provided t o  give 30 f p s  sodium wi th  one passage per  i n s e r t ,  or 10 f p s  

v e l o c i t y  with t h r e e  p a r a l l e l  passages per  i n s e r t .  With t h e  f o i l  sample 
loca ted  i n  t h e  o u t l e t  passage of sample holder  H3R,  t he  i n s e r t  was pro- 

vided wi th  a s i n g l e  s l o t  measuring 0.0625-inch wide by 0.1875-inch deep 

t o  provide 30 f p s  v e l o c i t y  pas t  t h e  sample. 

With the  standard 

A t o t a l  of seven sample holders  a r e  i n s t a l l e d  i n  each loop. The sodium 

f lows i n  s e r i e s  through each sample holder  and p a s t  each sample as l i s t e d  

below: 

Sample Holder 

Designation 

H 1  
H2 

H3 
H3R 
c1 
c2 

c3 

Temperature 

TMX-200 F 

Tmax-100 F 

TIllaX 

T W  
Tmx-100 F 

T ~ a ~ - 2 0 0  F 

T ~ x - 5 0 0  F 

Number of Samples 

1 0  f p s  30 f p s  

3 1 
3 1 
- 2 

3 1 

3 
3 
6 - 

- 
- 

High v e l o c i t y  s l o t s  were not  i n s t a l l e d  i n  t h e  cold l e g  s i n c e  t h e  loop pres- 

sure drop was high and t h e  v e l o c i t y  i n  power p l an t  hea t  exchangers i s  gen- 

e r a l l y  l e s s  than 1 0  fps .  A t  a sodium flow of 1 gpm t h e  loop  pressure drop 

was ca l cu la t ed  t o  be approximately 70 p s i  with t h e  bulk of t h i s  drop i n  

t h e  high v e l o c i t y  flow passages. A d i f f u s e r  nozzle  was incorporated on 

the  d ischarge  s i d e  of t h e  high v e l o c i t y  s e c t i o n s  i n  t h e  hot  l e g  sample 

holder  t o  minimize p re s su re  drop lo s ses .  

information on pressure  drop i n  t h e  sample holders ,  

See Appendix E f o r  a d d i t i o n a l  

F igures  111-3 and 111-4 show a cross-sec t ion  of a t y p i c a l  hot  l e g  and cold 

l e g  sample holder  for t h e  s tandard cor ros ion  samples. 

l o c a t i o n  of t he  prehea ter  and thermocouple i n  a l l  ho lders  and the  s e r i e s  

Note the  c e n t r a l  
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REMOVABLE C A P  
ALIGNING P IN  (MARMAN CONOSEAL) 

INSERT WITH 3 SLOTS 

INSERT WITH 1 SLOT J (HIGH VELOCITY) 

- 3/16" X 1/16" X 3-1/16** 

THERMOCOUPLE 

CORROSION SAMPLE 

276-35 

FIGURE 111-3 TYPICAL HOT LEG SAMPLE HOLDER 
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HEATER 

I N L E T  

R E M O V A B L E C A P  

INSERT WITH 3 SLOTS 
(LOW VELOCITY) 

,THERMOCOUPLE 

OUTLET 

276-36 . 

FIGURE 111-4 TYPICAL COLD LEG SAMPLE HOLDER 
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n 

flow of low v e l o c i t y  (3 passages)  and high v e l o c i t y  (1 passage) i n  t h e  hot 

l e g  holders .  

i n  Appendix F. 

Manufacturing drawings of a l l  sample holders  a r e  presented 

Figure 111-5 i l l u s t r a t e s  t h e  t o p  view of a complete loop  sample loading  

pa t t e rn .  Addit ional  i n s e r t s  can be i n s t a l l e d  i n  C 1  and C2 sample holders .  

Such a c t i o n  would inc rease  t h e  loop  pressure  drop o r  decrease t h e  m a x i m u m  

flow r a t e .  

B2 Main Heaters  

The main hea te r s  a r e  v e r t i c a l  s h e l l  and tube type hea t  exchangers havin9 

seven h e a t e r t h i m b l e s ( t u b e s )  p ro jec t ing  upward from t h e  bottom head. 

thimble accommodates a snug f i t t i n g ,  *-inch diameter ,  c a r t r i d g e  hea t ing  
element r a t ed  f o r  opera t ing  cont inuously for one year  a t  a sur face  temp- 

e r a t u r e  of 1600 F. 

Each 

Car t r idge  hea t ing  elements ( F i r e r o d s )  furn ished  by t h e  Watlow Engineering 

Company a r e  used because they  have an opera t ing  temperature and h e a t  flux 
r a t i n g  high enough t o  provide t h e  required 1300 F o u t l e t  temperature wi th  

a one gpm flow and provide a compact monometallic hea te r  u n i t .  

Figure 111-6. Note t h e  doughnut b a f f l e  tacked t o  the  s h e l l  midway through 

t h e  u n i t  and t h e  ma te r i a l  code mark, IlBI'  f o r  t h e  2+1Mo s t e e l ,  on t h e  tube- 

shee t .  This  p a r t i c u l a r  u n i t  was i n s t a l l e d  i n  loop  number 5. Manufacturing 

drawings of both the  300 F AT hea te r  (No. 1) and t h e  100 F AT h e a t e r s  

(No. 2 and No. 3 )  a r e  presented i n  Appendix F. The dimensions of each type 

of h e a t e r  a r e  t h e  same f o r  a l l  loops  but  t h e  f a b r i c a t i o n  ma te r i a l  i s  appro- 

p r i a t e  f o r  t he  p a r t i c u l a r  loop. 

Refer t o  

Tolerances used i n  f i t t i n g  t h e  hea te r  elements t o  t h e  thimbles  were a t  
l e a s t  one m i l  c l o s e r  (0.003-inch) than t h e  manufacturer ' s  recommended t o l -  

erance f o r  a one years  opera t ing  l i f e .  

f i t t i n g  des ign  curves.  

hea t e r  (Number 3 )  w i l l  be operated a t  t h e  lowest poss ib le  vol tage  t o  reduce 

the  hea t  f l u x  ( A T )  and t o  lengthen the  opera t ing  l i f e .  

f l u x  f o r  t h e  number 1 h e a t e r  (preceding t h e  H1 sample ho lde r )  i s  approxi- 

mately 45,000 Btu/hr / f t2  (93 wat t s / in2  o r  75% of manufacturer ' s  r a t i n g ) .  

Refer t o  Figure 111-7 f o r  hea te r  

All hea t ing  elements i n  the  h ighes t  temperature 

The design hea t  
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6 M I L  F O I L  
(RADIOACTIVE SAMPLE) 

CORROSION SAMPLE 

T Y P I C A L  HIGH 
V E L O C I T Y  SLO 

\ 
T Y P I C A L  LOW 

V E L O C I T Y  SLOT 

SAMPLES: (25) R E G U L A R  + (1) 6 M I L  FOIL 

276-5 

FIGURE 111-5 SAMPLE LOADING PATTERN 



FIGURE 111-6 MAIN HEATER 
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Heat f l u x  f o r  t h e  number 2 (preceding t h e  H2 sample ho lde r )  and number 3 
(preceding t h e  H 3  sample holder )  h e a t e r  i s  33,000 Btu/hr f t 2  (66 wat t s / in  2 

o r  79% of manufacturer ' s  r a t i n g ) .  

i n  t h e  h e a t e r s  t o  be about 3,000 Btu/hr f t  /F, t h e  estimated temperature 

f i l m  drop i s  1 5  F i n  the  number 1 hea te r  and 11 F i n  the  second and t h i r d  

hea te r s .  This  i s  bel ieved t o  be s a t i s f a c t o r i l y  low, but  i t  should be kept 

i n  mind t h a t  t h e  h e a t e r  tube temperatures  a r e  t h e  h ighes t  i n  t h e i r  respec- 

t i v e  zone of t h e  loop. 

Est imat ing the  heat  t r a n s f e r  c o e f f i c i e n t  
2 

The i n d i v i d u a l  hea t ing  elements a r e  not  considered removable because of 

t h e i r  t i g h t  (shrunk)  f i t  but  i t  i s  a n t i c i p a t e d  t h a t  replacement of an e le -  

ment can be accomplished by d r i l l i n g  out  t h e  de fec t ive  element and replac-  

i n g  it wi th  a new u n i t .  
channel ing and t o  achieve more uniform heat ing.  

I n t e r n a l  b a f f l e s  a r e  provided t o  minimize flow 

Each h e a t e r  has been designed t o  inc lude  one spare  hea t ing  element (one 

out  of seven) however a l l  elements w i l l  be used i n i t i a l l y  a t  reduced vol t -  

age t o  minimize t h e  burden and inc rease  t h e  p o t e n t i a l  l i f e  of t h e  u n i t s .  

Prehea t ing  of  each of t h e  main h e a t e r s  i s  provided by an e x t e r n a l  t ubu la r  

r e s i s t a n c e  hea t ing  element ope ra t ing  a t  one-half of manufacturer ' s  ra ted  

vol tage .  This  element can a l s o  be used t o  supplement hea te r s .  

des ign  d e t a i l s  f o r  t h e  p rehea te r s  a r e  found i n  Subsection B9. 
t h e  hea t ing  element power r a t i n g  and hea t  c o n t r o l  a r e  presented i n  t h e  

next  few paragraphs.  

Addit ional  

D e t a i l s  of 

1. & i n  Heater No. 1 (300 F A T )  

Seven - 2000 W 250 V F i r e rods  

= 11,350 watts 

670 watts 

(250) 
on 225 v o l t s  = 14,000 x 
Heat Required f o r  Na = 10.680 

- Excess f o r  hea t  l o s s e s  - 

.' 

a )  
b )  

one element is con t ro l l ed  by t h e  250 v o l t  automatic c o n t r o l  var iac .  

one element i s  con t ro l l ed  by a manual va r i ac .  
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c )  

d )  

one element i s  on a manual c i r c u i t  breaker.  

t h e  remaining f o u r  h e a t e r s  a r e  connected t o  two on-off c i r c u i t s  

with two h e a t e r s  on each c i r c u i t .  

2. Main Heater No. 2 (100 F LIT) 

Seven - 700 W, 125 V Firerods  

on 112.5 V = 4900!L${2 = 3,960 watts 
- ,  

Heat f o r  Na = 3,560 

Excess fo r  l o s s e s  = 400 wat ts  

a )  

b )  

c )  

one element i s  con t ro l l ed  by t h e  125 v auto-control  var iac .  

t h r e e  elements are con t ro l l ed  by a manual variac. 

t h r e e  elements a r e  con t ro l l ed  by a manual on-off c i r c u i t  breaker.  

3. Main Heater No. 3 (100 F A T )  

Same elements a s  f o r  No. 2 Heater 

a )  

b )  

One element i s  on t h e  125 v auto-control  var iac .  

Six elements a r e  connected t o  a manual var iac .  

4.  Automatic Control  Variacs  

Two v a r i a c s  (one model W20H and one Model W20) a r e  ganged toge ther  and 

d r iven  by the  c o n t r o l  motor. 

The W20H v a r i a c  i s  a 250 v o l t  u n i t  and i s  used f o r  one of t h e  2000 wat t  

elements i n  hea t e r  No. 1. 

The W20 var i ac  i s  a 125 v o l t  u n i t  and i s  used f o r  one 700 watt element 

each i n  t h e  No. 2 and i n  t h e  No. 3 hea te r s .  Control of t h e  au tova r i acs  

and r e s u l t i n g  power t o  the  hea te r s  i s  descr ibed i n  Sec t ion  I11 E. 

B 3  _Coolers 

There a r e a  t o t a l  o f  f i v e  coolers  i n s t a l l e d  i n  the  piping of each loop  t o  

provide forced a i r  sodium cool ing.  

h o r i z o n t a l l y  i n  the  cold l e g  po r t ion  of t h e  loop and two a r e  incorporated 

i n  the  bypass p u r i f i c a t i o n  loop. 

The t h r e e  main coo le r s  a r e  mounted 

One of t hese  i s  mounted h o r i z o n t a l l y  
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(preceding t h e  cold t r a p  and plugging i n d i c a t o r )  and t h e  o the r  l e  an  inte- 
g r a l  p a r t  of t h e  plugging i n d i c a t o r .  One-inch, Schedule 40 pip ing  f o r  t h e  

f e r r i t i c  coo le r s  was suppl ied t o  t h e  Brown Fintube Company f o r  attachment 

of l o n g i t u d i n a l  f i n s .  The 316 SS cooler  f inned tub ing  was purchased t o  

s p e c i f i c a t i o n .  

cold l e g  s i d e  of t h e  loop. 

approximately 18 inches  long. 

e ted  wi th  1/16-inch mild s t e e l  covering t o  form t h e  a i r  duc t ,  

The p ip ing  i n  a l l  cases  met material s p e c i f i c a t i o n  f o r  t h e  

The l o n g i t u d i n a l  f i n s  are 35 mils t h i c k  and 

The f inned s e c t i o n  of each cooler  i s  jack- 

The f i rs t  two coo le r s  i n  the  cold l e g  preceding sample holders  C 1  and C2 

are designed t o  reduce t h e  sodium temperature by 100 F o r  about 12,000 

Btu/hr with the  sodium temperature  as low a s  800 F and with t h e  i n l e t  a i r  
a t  room temperature. These u n i t s ,  fabricated from a single  pass pipe, are 

181t long  and were ca l cu la t ed  t o  have a p res su re  drop on t h e  a i r  side of 
less  than  1-inch of water a t  an a i r  flow of  100 SCFM each. 

The t h i r d ,  and l a r g e r  capac i ty  main coo le r  (300 F AT) ,  which precedes Sam- 

p l e  holder  C3,  i s  cons t ruc ted  wi th  t h r e e  passes  of 18 inch  long  finned 

piping.  
r i a l  from t h e  same s tock  as t h e  smaller coo le r s  was used t o  f a b r i c a t e  t h i s  

u n i t .  The pressure  drop  on t h e  a i r  s i d e  of t h e  l a r g e r  cooler  i s  a l s o  less 
than  1-inch of water a t  an  a i r  flow of 300 SCFM. The phys ica l  l o c a t i o n  of 

t he  c o o l e r s  a r e  apparent  on Figure 111-1 and on t h e  loop  assembly drawing 

shown i n  Appendix F. 

The f inned p ip ing  i s  arranged on a 3-inch t r i a n g u l a r  p i tch .  Mate- 

Each of t h e  s i x  t e s t  loops  has a sepa ra t e  forced a i r  cool ing  system. 

Buffa lo  Forge Company Model No. 22 blower wi th  a capac i ty  of 500 SCFM a t  
*-inches of water aolumn d i r e c t s  i n l e t  room a i r  through sepa ra t e  duots  

p a s t  t h e  i n d i v i d u a l  coo le r s  and d i scha rges  t h e  ho t  a i r  ou t s ide  t h e  tes t  
bu i ld ing  through a &inch duc t  eystem. A s i n g l e ,  motor d r iven  damper is 
used t o  c o n t r o l  some of t h e  a i r  flow i n  t h e  main supply duc t ,  while man- 

u a l l y  ad jus ted  dampers i n  t h e  i n d i v i d u a l  cooler  d u c t s  are used t o  es tab-  

l i s h  proper d i s t r i b u t i o n  from each coo le r  t o  ob ta in  des i r ed  temperature 

condi t ions .  
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The two coo le r s  i n  t h e  oxide con t ro l  s ec t ion  a r e  i d e n t i c a l  t o  the  100 F AT 

u n i t s  except t h a t  they a r e  s h o r t e r  (15  inches long)  and t h e r e  a r e  no a i r  

ducts .  

t i o n  t h a t  i s  normally i n  place around these  u n i t s .  

flow removes t h e  heat  from these  coolers .  

t a ined  by c i r c u l a t i n g  t h e  a i r  with a por tab le  f an  o r  blower. 

Cooling r a t e s  a r e  ad jus ted  by removing some of t he  thermal insu la-  

Natural  convection a i r  

Addit ional  cool ing can be ob- 

A l l  coo le r  s e c t i o n s  have preheat  t ubu la r  hea te r s  fas tened between the  f i n s .  

Prehea ter  information i s  found i n  Subsection B9.  

B 4  Surge Tanks 

The surge tank  f o r  each loop  i s  designed f o r  1000 F a t  50 p s i  opera t ing  

condi t ions  and i s  f ab r i ca t ed  from 8 inch  schedule 40 pipe,  14-inches i n  

length .  F l a t  p l a t e  heads, &inch t h i c k ,  c lose  each end. The ma te r i a l  used 

i n  the  cons t ruc t ion  of t h e  surge tank and l e v e l  probe i s  t h e  same as t h a t  

spec i f i ed  f o r  t h e  cold l e g  sec t ion  of t h e  loop. 

high po in t  of t he  piping system and i s  between the  main flow meter and the  

i n l e t  s i d e  of t h e  electromagnet ic  pump. 

sembly drawing i n  Appendix F. 

The tank i s  loca ted  a t  the  

See Figure 111-1 o r  t h e  loop  as- 

The tank  i s  or ien ted  v e r t i c a l l y  and i s  of t h e  flow-through type f o r  poten- 

t i a l  gas de-entrainment. The sodium i n l e t  nozzle  i s  loca ted  3-inches above 
t h e  bottom head. A f l a t  p l a t e  type,  an t i -vor tex  b a f f l e  i s  posi t ioned 

a c r o s s  t h e  t o p  diameter of t h e  o u t l e t  pipe.  

A r e s i s t a n c e  type sodium l e v e l  probe i s  loca ted  as f a r  as  poss ib l e  from 

t h e  i n l e t  and i s  an i n t e g r a l  p a r t  of t h e  bottom head. 

v e s s e l  f o r  a d i s t ance  of 12-inches and t h e  p r a c t i c a l  measuring l eng th  i s  

about 10-inches. 

10% l e v e l  marks r ep resen t  inches  of l e v e l  i n  the  tank. Ca l ib ra t ion  of t h e  

u n i t s  a r e  descr ibed i n  Sec t ion  V. Normal sodium l e v e l  dur ing  opera t ion  i s  

,!+-inches t o  5-inches above t h e  bottom corresponding t o  about one ga l lon  of 

sodium. The surge tank t o p  head conta ins  a vapor t r a p  and i n e r t  gas con- 

nec t ion  i d e n t i c a l  t o  t h a t  provided on the  dump tank. 

It extends i n t o  the  

The read out meter s c a l e  i n d i c a t e s  percent  l e v e l  s o  the  
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B5 E lec t romamet i c  Pumps 

The fol lowing e lec t romagnet ic  pump spe i f i c a t i o n s  were r i g i n a l l y  es tab-  

Q u a n t i t y  and c e l l  material-------- 1 of type 316 s t a i n l e s s  s t e e l  
3 of 2$r-lMo s t e e l  
2 of SCr-&Mo-@i s t e e l  

A General  E l e c t r i c  s i n g l e  phase, AC,  e lec t romagnet ic  pump composed of a 
pump c e l l ,  pump t r ans fo rmer ,  and c a p a c i t o r  u n i t  w a s  suppl ied  f o r  each loop .  

F igure  111-8 i l l u s t r a t e s  t h e  c e l l  mounted i n  t h e  pump t ransformer ,  The 

type  316 s t a i n l e s s  s t ee l  and t h e  22Cr-lMo s t e e l  pumps were ordered i n  ac- 

cordance wi th  G.E. c a t a l o g  numbers. Modified manufacturing drawings were 

prepared f o r  t h e  5Cr pump c e l l s .  All pump assemblies  a r e  i d e n t i c a l  except 

f o r  c e l l  material and b raz ing  procedures.  

ance wi th  G.E. drawing 585D158 wi th  -G2, -G4 and -G6 desc r ib ing  t h e  316 
s t a i n l e s s ,  2$r, and 5Cr s t e e l  c e l l s  r e spec t ive ly .  Each pump c e l l  i s  

f a b r i c a t e d  of 3/8 inch  O.D.  tub ing ,  wi th  f o u r  pass  cons t ruc t ion  i n  order  

t o  provide t h e  spec i f i ed  developed head. Refer t o  Figure 111-9. 

C e l l  manufacture was i n  accord- 

Sodium flow i s  regula ted  by manual adjustment of appl ied  60 cyc le  vol tage  

over t h e  range from 0 t o  270 v o l t s .  

exceed 30 amperes. 

magnetic pumps wi th  c h a r a c t e r i s t i c  performance curves are  a v a i l a b l e  i n  

General  E l e c t r i c  pub l i ca t ions  GEA-6395A and GEI-56200 (not included h e r e i n ) .  

Line cu r ren t  a t  f u l l  vo l t age  does not  

More d e t a i l e d  d e s c r i p t i v e  information of t h e  e l ec t ro -  

B6 P u r i f i c a t i o n  System 

The p u r i f i c a t i o n  system i s  i n  p a r a l l e l  wi th  t h e  main cor ros ion  loop  but  

normally i s  i s o l a t e d  by closed valves.  When t h i s  system i s  opera t ing ,  f low 

i s  common through t h e  pump arid appropr i a t e  p a r t s  of t h e  p ip ing  between the  

surge  tank  and t h e  pump. 

t h e  cold l e g  of t h e  loop.  

This  system i s  f a b r i c a t e d  of t he  same ma te r i a l  as 
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FIGURE 111-8 PUMP ASSEMBLY 
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FIGURE 111-9 FOUR PASS PUMP CELL 

Sodium flow through t h e  p u r i f i c a t i o n  system passes  t h e  bypass i n l e t  va lve ,  
t h e  bypass EM f low meter,  t h e  a u x i l i a r y  f inned  coo le r ,  and e i t h e r  t h e  cold 
t r a p  o r  plugging i n d i c a t o r  depending on whether t h e  cold t r a p  or  t h e  plug- 
g ing  i n d i c a t o r  o u t l e t  va lve  i s  open and then  i s  re turned  t o  t h e  loop  through 
t h e  a p p r o p r i a t e  va lve  and piping.  
f o r  component arrangement. 

See t h e  loop  f low s h e e t ,  F igu re  111-1, 

The t r a p  and i n d i c a t o r  have s e p a r a t e  r e t u r n  l i n e s  t o  t h e  main loop ,  s i n c e  
only one of t h e  two u n i t s  i s  used a t  a time. 
u n i t  i s  c o n t r o l l e d  by a l t e r i n g  t h e  pump v o l t a g e  (which a l s o  v a r i e s  t h e  main 
loop  f low)  o r  by us ing  t h e  *-inch s t o p  va lves  as t h r o t t l e  valves. 
t h e  s t o p  va lves  f o r  t h r o t t l i n g  i s  p o s s i b l e  bu t  n o t  recommended. 
l i n e s  and components a r e  preheated wi th  t u b u l a r  h e a t e r s .  Extra hea t ing  can 

be suppl ied  t o  t h e  plugging i n d i c a t o r  and cold t r a p  o u t l e t  p ip ing  and va lve  
by swi tch ing  t o  h igher  vol tage .  
t i o n s  of t h e  r e p o r t .  

Sodium flow through e i t h e r  

Use of 
A l l  pipe  

D e t a i l s  a r e  presented i n  subsequent sec- 
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The forced convection cold t r a p  i s  used t o  c o n t r o l  t he  oxide conten t  of t he  
system sodium. S u f f i c i e n t  oxide t o  maintain s a t u r a t i o n  a t  450 F is expected 
t o  be i n  t h e  system from normal opera t ion ;  a d d i t i o n a l  oxide i n  the  form of 
Na 0 can be introduced through t h e  dump tank  charging po r t  i f  necessary.  
The oxide l e v e l  i s  ad jus ted  by p e r i o d i c a l l y  d i r e c t i n g  flow through the  cold 
t r a p  a t  a temperature corresponding t o  the  des i red  oxide s a t u r a t i o n  temp- 
e r a t u r e .  A plugging i n d i c a t o r  i s  used t o  measure t h e  system oxide conten t  
a f t e r  cold t r a p  opera t ion .  

The cold t r a p  temperature can be measured wi th  e i t h e r  t he  o u t l e t  pipe the r -  
mocouple o r  wi th  t h e  thermocouple w e l d e d  t o  t h e  middle of t h e  body of the  
t r a p .  The reg ion  of t he  cold t r a p  above t h e  o u t l e t  nozzle forms an inverted 
cup-type surge tank. Gas trapped dur ing  t h e  f i l l i n g  procedure should pro- 
v ide  pressure  r e l i e f  f o r  t he  p u r i f i c a t i o n  system dur ing  temperature changes 
when t h e  i s o l a t i o n  va lves  are closed.  During opera t ion  the  loop  surge tank 
w i l l  provide pressure  con t ro l .  

During cold t r a p  opera t ion ,  hea t  i s  d i s s i p a t e d  from the  incoming sodium t o  
the  surrounding r.oom air .  by n a t u r a l  convention from t h e  Sinned a u x i l i a r y  
coo le r  upstream of t h e  t r a p  ( a l s o  used dur ing  plugging runs )  and from the  
cold t r a p  v e s s e l  walls.  Appropriate i n s u l a t i o n  j a c k e t s  a r e  removed t o  con- 
t r o l  t h e  cold t r a p  temperature.  
f o r c i n g  t h e  a i r  a c r o s s  the  t r a p  with a blower. 
t he  fol lowing sodium condi t ions :  

2 

Addit ional  cool ing  can be obtained by 
The system i s  designed f o r  

F1 ow 0.2 gpm 
1 n l e  t T e mp e r a t  u r  e 800 F maximum 
Out l e t  Temper a t  u re  300 F minimum 

Residence T i m e  5 minutes 

The cold t r a p  i s  cons t ruc ted  of ,&-inch, schedule 40 pipe,  1 6 4 n c h e s  long and 
i s  packed wi th  kn i t t ed  s t a i n l e s s  s tee l  IIYorli" mesh for a l l  loops. The u n i t  i s  
or ien ted  for v e r t i c a l  flow with the inlet on t h e  bottom and t h e  o u t l e t  on top.  

The plugging i n d i c a t o r  provided i n  each l o o p  t o  determine the oxide l e v e l  i n  
t h e  sodium is a device which d e t e c t s  oxide s a t u r a t i o n  temperature by measuring 
the  temperature corresponding t o  a sudden flow decrease r e s u l t i n g  from pre- 
c i p i t a t i o n  and depos i t ion  of t h e  oxide i n  mul t ip le  flow r e s t r i c t i n g  o r i f i c e s .  
The temperLture i s  measured wi th  a thermocouple welded t o  the  edge of t h e  
o r i f i c e  (ou t s ide  t h e  p ipe ) .  The plugging ( o r i f i c e )  p l a t e  f o r  t he  loop  i s  
per fora ted  wi th  fou r  0.0465-inch diameter  ho les .  
the discharge end of the  1-inch f inned i n d i c a t o r  cooler .  

The plate  is welded a c r o s s  
The system, inc lud ing  
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t h e  a u x i l i a r y  upstream cooler ,  the i n d i c a t o r  coo le r ,  and the plugging p l a t e ,  
i s  designed f o r  a flow of 0 .1  gpm a t  a sodium i n l e t  temperature of 800 F and 
a minimum s a t u r a t i o n  temperature of 300 F (about 1 0  ppm oxide). Cooling rate  
a t  t he  o r i f i c e  p l a t e  i s  held i n  the  reg ion  of 10 F/minute o r  l e s s  by removal 
of appropr i a t e  i n s u l a t i o n  j a c k e t s  surrounding the  finned coo le r s  and cold 
t r a p .  I n s u l a t i o n  c l o s e s t  t o  t h e  plugging p l a t e  i s  removed f irst .  

€37 Valves 
Four sodium va lves ,  one t o  i s o l a t e  t he  dump tank  from t h e  main loop  and 
t h r e e  t o  i s o l a t e  t he  p u r i f i c a t i o n  system, a r e  used i n  each loop. Except 
f o r  the  loops  where t h e  body i s  made of f e r r i t i c  ma te r i a l ,  t he  va lves  a r e  
s i m i l a r  t o  those commonly used elsewhere. The valves f o r  t he  s t a i n l e s s  
s t e e l  loop  a r e  Powell model No. 2475 BSF. 
globe va lves  r a t ed  f o r  150 l b  s e r v i c e  o r  40 p s i  a t  1000 F. The bellows 
p l a t e  i s  welded t o  the  bonnet f o r  improved t i g h t n e s s .  The v a l v e s  for t h e  
chrome-moly and b i m e t a l l i c  loops  a r e  i d e n t i c a l  t o  t h e  type 316 s t a i n l e s s  
s t e e l  va lves  except t h a t  t h e  bodies were f a b r i c a t e d  of 2Sr- lMo s t e e l .  I n  
a l l  ca ses  t h e  bellows a r e  f a b r i c a t e d  of type 316 s t a i n l e s s  s t e e l .  A l l  ac- 
t u a t o r s  a r e  i d e n t i c a l .  
no t  be obtained s i n c e  none of t h e  valve manufacturers contacted were w i l l -  
i n g  t o  quote on t h i s  ma te r i a l  f o r  t he  body. 

I n  o rde r  t o  minimize t h e  r i s k  of valve f a i l u r e  o r  me ta l lu rg ica l  e f f e c t s  re- 
s u l t i n g  from miscellaneous ma te r i a l s  exposed i n  the  loops ,  t h e  following 
des ign  philosophy was used: 

They a r e  *-inch, s t a i n l e s s  s t e e l  

Valve bodies of 5Cr s t e e l  f o r  loops #4 and #6 could 

a. 
b. Valves t o  be maintained a t  t h e  s p e c i f i e d  minimum temperature re -  

c .  Valves t o  be o r i en ted  wi th  bellows away from the  main loop  sodium 

No va lves  t o  be loca ted  i n  main c i r c u l a t i n g  loop  flow path.  

g ion  of t h e  main loop. 

stream. 

B 8  Dump Tanks 
The dump t a n k s  a r e  f a b r i c a t e d  from 8-inch schedule 40 pipe wi th  standard 
welding cap heads on t h e  ends making each of t h e  tanks  30-inches i n  over- 

a l l  l e n g t h ,  
h o r i z o n t a l  plane. 
loop  charge of sodium (about 35 l b )  a t  1000 F with approximately 30 percent 
f r e e  volume. Mater ia l s  of cons t ruc t ion  of each of t he  tanks  a r e  the  same 

a s  t h e  m a t e r i a l  i n  t h e  cold l e g  of t h e  loop. 

Each tank i s  mounted i n  t h e  loop  wi th  t h e  major a x i s  i n  the  
Volume of %he v e s s e l  i s  adequate t o  conta in  t h e  e n t i r e  



A two inch  po r t  provided wi th  a Marman Conoseal f lange  assembly i s  a t tached  

t o  t h e  t o p  of t h e  tank. This  po r t  i s  used f o r  charging sodium i n t o  t h e  

system and access  f o r  sampling and impuri ty  add i t ions .  A concent r ic  8-inch 

f l ange  i s  a t tached  t o  this p o r t ,  s i m i l a r  t o  t h e  sample holders ,  t o  permit 

t h e  use of a d ry  box i n  removing sodium samples o r  f o r  adding Na 0 i f  nec- 2 
essary .  A $-inch pipe l i n e  with a *-inch sodium valve connects t h e  bottom 

of t h e  dump tank  t o  t h e  main loop  and permits  t r a n s f e r  of sodium between 

t h e  loop  and tank. This  l i n e  i s  used f o r  f i l l i n g  and d ra in ing  t h e  t e s t  

l oop  and i s  maintained above t h e  oxide s a t u r a t i o n  temperature f o r  emer- 

gency dumping i f  necessary.  

To minimize depos i t i on  of sodium vapor i n  t h e  gas  and vent  l i n e s  a vapor 

t r a p  i s  a t tached  t o  t h e  t o p  of t h e  dump tank and i s  connected t o  t h e  gas 

system. The vapor t r a p  i s  1 2  inches  long  and i s  constructed of 1-inch 

schedule  40 pipe which w i l l  perform the  fol lowing func t ions :  

a. Permit r e l a t i v e l y  low gas v e l o c i t i e s ,  compared wi th  the  &-inch O.D. 

tube gas  l i n e s  and c o n t r o l  valve,  dur ing  vent ing  opera t ions .  

Prevent excessive hea t  l o s s e s  dur ing  normal opera t ion .  

Provide temperature below t h e  sodium melt ing poin t  a t  t he  out- 

l e t  end. 

b, 
c. 

Both vapor t r a p s  i n  t h e  s t a i n l e s s  s t e e l  loop  (#1) only were packed with 

k n i t t e d  w i r e  mesh, i d e n t i c a l  t o  t h e  cold t r a p  packing. T h i s  w a s  d o n e  i n  

an  at tempt  t o  f u r t h e r  minimize t r a n s f e r  of sodium p a r t i c l e s  through t h e  

vent  system s ince  t h i s  loop  i s  designed t o  be operated a t  h igher  tempera-. 

t u r e  than  t h e  o thers .  

B9 Prehea ters  

E l e c t r i c  h e a t e r s  are provided on a l l  loop  p ip ing  and components t o  preheat  

t h e  system t o  500 F before  f i l l i n g  o r  du r ing  " isothermal"  opera t ion  of t h e  

loop. 

amount of e l e c t r i c a l  hea t  a v a i l a b l e  f o r  each c i r c u i t  i s  shown i n  Subsection 

I11 D on Figure 111-16 - Loop Power Di s t r ibu t ion .  

The hea t ing  methods vary with t h e  a p p l i c a t i o n  and use f a c t o r .  The 



Below i s  a d e s c r i p t i o n  of t h e  var ious  prehea ter  a p p l i c a t i o n s .  

a. Each of t h e  sample holders  i s  equipped with a 175 wat t  hea t ing  ele-  

ment ( F i r e r o d )  2-inches long  i n s e r t e d  i n t o  a socket  i n  t h e  main 

body of t h e  sample holder .  

The loop  p ip ing  normally opera t ing  a t  temperatures exceeding 800 F9 

such as t h e  h o t  and cold l e g  s e c t i o n s  and main h e a t e r s ,  are pro- 

vided wi th  t u b u l a r  e l e c t r i c  h e a t e r s  opera t ing  a t  8 r a t ed  vol tage 

(+ power). 

The loop  p ip ing  not  subjec t  t o  opera t ing  temperatures above 800 F 

and no t  r e q u i r i n g  energ iz ing  above 500 F, such as t h e  d r a i n  l i n e  

and flow meters, i s  wrapped wi th  hea t ing  cable .  (Asbestos insu- 

l a t e d ,  armored, nichrome wire. ) 
The surge tank and dump tank  a r e  provided with t u b u l a r  r e s i s t a n c e  

h e a t e r s  f o r  use dur ing  normal opera t ion  as w e l l  as dur ing  preheat-  

ing.  

v ol t age. 

b, 

c e  

d. 

For long  l i f e  t h e y  a r e  operated on a f r a c t i o n  of  t h e  r a t e  

e. The p u r i f i c a t i o n  l e g ,  except for  t h e  bypass flow meter, i s  heated 

by t u b u l a r  r e s i s t a n c e  hea ters .  

i l i a r y  cooler  and plugging i n d i c a t o r  coo le r .  

h e a t  switch (lZO/Z,!+O V )  t o  provide low hea t  (approximately 313 
watts) f o r  normal preheat  use and a high hea t ,  1250 watts f o r  rapid 

recovery a t  t h e  end of a plugging run. 

f o r  t h e  plugging i n d i c a t o r  i s  heated by a s i n g l e  188 w a t t  u n i t .  

The cold t r a p  i s  heated by a s i n g l e  500 watt t u b u l a r  r e s i s t a n c e  

h e a t e r  loca ted  under t h e  t r a p  l i k e  a hot p l a t e .  The t u b u l a r  h e a t e r  

f o r  t h e  cold t r a p  o u t l e t  valve and pipe has a two hea t  switch (120/ 
24OV) t o  provide 188 watts f o r  normal preheat  and 750 watts f o r  

rehea t ing  dur ing  cold t r a p  oper,ation. 

On loop  #1 t h e  main coolers  were provided with 60 cyc le  induct ion  

h e a t i n g  c o i l s  which heated t h e  mild s t e e l  cooler  a i r  duc t s .  The 

p o t e n t i a l  advantage of t h i s  method i s  p o t e n t i a l  long h e a t e r  l i f e  

s i n c e  t h e  h e a t e r s  can be energized dur ing  loop  opera t ion  wi th  t h e  

c o i l  opera t ing  a t  r e l a t i v e l y  low temperature. 

t o  t h e  i n s u l a t i o n  s o  modif icat ion o r  maintenance i s  convenient. 

A s i n g l e  u n i t  i s  used f o r  t h e  aux- 

This  u n i t  has  a two 

The o u t l e t  valve and pipe 

f. 

The c o i l  i s  e x t e r n a l  
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The induct ion  hea te r s  f o r  t h e  loop  #1 coo le r s  c o n s i s t  of number 14 AWG 
quadruple formvar wire wound on the  outs ide  of t he  1" thermal i n s u l a t i o n  
with approximately t en  t u r n s  per  inch.  Heat i s  generated i n  the  1/16- 
inch  t h i c k  mi ld  s t e e l  s h e l l  ( d u c t )  surrounding the  f in tube  coolers .  Heat 
inpu t  can be ad jus ted  by changing the  number of t u r n s  of t h e  wire between 
the  two po in t s  where l i n e  vol tage  i s  appl ied .  The induced c u r r e n t  should 
be d i r e c t l y  propor t iona l  t o  the  number of  t u r n s  and t h e  hea t ing  w i l l  vary 
a s  t he  square of t he  induced cu r ren t .  

The use d induc t ion  hea t ing  f o r  t he  coo le r s  was abandoned a f t e r  opera t ion  of 
t h e  f irst  loop  because the design and locat ion of neighboring components pro- 
h i b i t e d  t h e  winding of t he  e n t i r e  l eng th  of t h e  codler. On subsequent loops 
tubu la r  r e s i s t a n c e  hea te r s  were used f o r  main cooler  preheating. One hea te r  
was i n s e r t e d  between the  f i n s  and under each of t h e  s ingle-pass  coo le r s  and 
under two of t h e  th ree  finned s e c t i o n s  i n  the 300 F AT cooler  of each loop,  

I11 C Assembly and I n s t a l l a t i o n  
This  subsec t ion  covers i n  genera l  t h e  procedures and methods employed i n  
t h e  f a b r i c a t i o n  and assembly of the  s i x  sodium t e s t  loops.  Applicable code 
s p e c i f i c a t i o n s  a r e  included with each opera t ion  where required.  

C 1  Weld Prepara t ion  and Procedure 
C2 S t r e s s  Rel ie f  
C3 Q u a l i t y  Control  
C 4  F i n a l  Assembly and I n s t a l l a t i o n  

C 1  Weld Prepara t ion  and Procedure 
A l l  loop  welding w a s  performed i n  accordance with Sect ion V I 1 1  of t he  ASME 
Boi l e r  Code. 
r i c a t i o n  of t h e  loops a r e  gene ra l ly  out l ined  i n  the  fol lowing paragraphs. 

Welder Qua l i f i ca t ion :  
A l l  welding opera t ions  f o r  the  f a b r i c a t i o n  of t h e  loops were performed by 
welders proper ly  q u a l i f i e d  under the  performance q u a l i f i c a t i o n s  required of 
Sec t ion  I X  and referenced i n  Sect ion V I 1 1  of t he  ASME Boi le r  Code. 

Weld Preparat ion:  
The l l W t t  design was used i n  t h e  prepara t ion  of weld j o i n t s  f o r  p ip ing  i n  
order  t o  obta in  sound welds with l e s s  d i f f i c u l t y .  
f o r  d e t a i l s .  
machining compared t o  convent ional  " b u t t  weld" prepara t ion ,  i t  provides  

sound welds while e l imina t ing  the  requirements f o r  radiographic  inspec t ion .  

Mater ia l s  prepara t ion  and welding procedures used i n  t h e  fab- 

Refer t o  Figure 111-10 
Although t h i s  type of  weld prepara t ion  r equ i r e s  a d d i t i o n a l  

I 
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FIGURE Ill-10 WELD PREPARATION & F I T  UP FOR MASS TRANSFER PIPING 
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Welding Process:  

Welding was performed with t h e  manual, tungsten i n e r t  gas-shielded a r c ,  

welding process  with nonconsumable e l ec t rodes .  

F i l l e r  lvhterial:  

Weld F i l l e r  mater ia l  conforms with t h e  a n a l y s i s  of A7 weld metal which con- 

t a i n s  more than 1% f e r r i t e ,  as s e t  f o r t h  i n  Sect ion I X ,  Table Q 11.3 of the  

ASME Boi l e r  Code. 

Shielding:  

Welding grade argon gas was used f o r  sh i e ld ing  during the  welding processes. 

E lec t rodes :  

Thoriated 2% tungsten e l ec t rodes  were used i n  the  welding processes .  

C2 S t r e s s  Rel ie f  

A l l  welded components and loop assemblies ,  where requi red ,  were s t r e s s  re -  

l i eved  i n  accordance with Sect ion V I 1 1  of the  ASME Boi l e r  Code. A l l  the  

SCr-+Mo-@i S t e e l  welds were s t r e s s e d  re l ieved  but only t h e  surge tanks  and 

dump tanks  (components l a r g e r  than 4-inches diameter)  of the  t h r e e  22Cr-lMo 

loops were r e l i eved .  None of t h e  s t a i n l e s s  s t e e l  components were s t r e s s  
r e l i eved .  

Furnace hea t ing  was used wherever p r a c t i c a l .  

t i o n s  of t he  furnace and loop assemblies ,  some of t h e  f i n a l  loop welds i n  

However, due t o  s i z e  limita- 

the  SCr-&Mo-&Ti s t e e l  s ec t ions  were l o c a l l y  t r e a t e d  with c a r t r i d g e  hea te r s  

( F i r e r o d s )  imbedded i n  f i t t e d ,  removable s t a i n l e s s  s t e e l  holders  wired t o  

the  " f i e l d "  weld a rea  and surrounded with i n s u l a t i o n .  Manual vo l tage  a d -  

justment w a s  used t o  c o n t r o l  t he  r a t e  of temperature inc rease  o r  decrease.  

I n  accordance wi th  Sect ion V I 1 1  of t he  ASME Boi le r  Code, t he  fol lowing con- 

d i t i o n s  were maintained during s t r e s s  r e l i e f  opera t ions :  

a. Furnace temperature was not  g r e a t e r  than 600 F when welded assem- 

b l i e s  were i n s e r t e d .  

Above 600 F the  hea t ing  r a t e  d i d  not  exceed 400 F per  hour. b. 

e .  A t  t he  completion of hea t ing  period the  temperature was held a t  

1350 F f o r  20 minutes. 
Cooling r a t e  d i d  not exceed 500 F per hour u n t i l  temperature 

reached 600 F. 
d .  

. 
1- 

'---.. 
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e.  Argon gas bleed through i n t e r i o r  of welded assemblies  was main- 

t a ined  a t  10  sc f /h r  dur ing  t h e  time the  temperature was above 

600 F. 

C 3  Qua l i ty  Control  

I n  an  e f f o r t  t o  provide r i g i d  c o n t r o l  of materials used i n  the  loop  con- 

s t r u c t i o n ,  procedures were e s t ab l i shed  t o  maintain pos i t i ve  i d e n t i f i c a t i o n  

of a l l  p a r t s  a t  a l l  times i n  t h e  shop from t h e  r e c e i p t  of raw ma te r i a l s  and 

vendor i tems  through f a b r i c a t i o n  and assembly. C e r t i f i e d  chemical and phys- 

i c a l  ana lyses  were requi red  of a l l  cons t ruc t ion  mater ia l s  t o  show coppl i -  

ance wi th  purchase order  and app l i cab le  ASTM s p e c i f i c a t i o n .  Table 111-1 

provides  a l i s t  of procurement s p e c i f i c a t i o n s .  Upon acceptance,  t h e  mate- 

r ials were marked wi th  p a i n t  and/or e l e c t r o e t c h  penc i l  i n  accordance wi th  

t h e  fo l lowing  code: 

I 

a .  I d e n t i f i c a t i o n  of Mater ia l s :  

I% t e  r i a l  

316 S t a i n l e s s  s t e e l  

2&r-lMo s tee l  

5 C r-&Mo-&T i s t e e 1 

I n  genera l ,  a l l  pipe,  f 

E lec t roe t ch  
Penc i l  Mark 

A 

B 

C 

Color 

Green 

Black 

Red 

-- 

t t i n g s ,  va lves ,  forg-ngs, s h e e t s  anL o ther  

p a r t s  purchased from ou t s ide  were co lo r  coded wi th  pa in t .  A s  t he  

p ieces  progressed through the  s h o p  i n  machining and c leaning  oper- 

a t i o n s  the  i d e n t i f i c a t i o n  was maintained. kbchined p a r t s  were 

marked wi th  t h e  e l e c t r o e t c h  penc i l  so  as  t o  provide a more perma- 

nent  i d e n t i t y  t h a t  would not  be destroyed upon f i n a l  c leaning  o r  

dur ing  welding i n  assembly. Per iodic  check ana lyses  of c e r t i f i e d  

ma te r i a l s  were made by the GE-APED Chemical and Meta l lurg ica l  Lab- 

o ra to ry  or  by t h e  Hales Tes t ing  Laboratory i n  San Jose ,  Ca l i fo rn ia .  

I n  a d d i t i o n ,  reserve material from t h e  var ious  l o t s  were s tored  t o  

permit a d d i t i o n a l  ana lyses  i f  considered d e s i r a b l e  a t  a l a t e r  da t e .  

An example of t h e  c e r t i f i e d  and check ana lyses  t h a t  were obtained 

f o r  a l l  s tock  i s  presented below. These ana lyses  were obtained 

f o r  t h e  cor ros ion  sample s tock:  



TABLE 111-1 -- 

MATERIAL SPECIFICATIONS 

The fol lowing ASTM s p e c i f i c a t i o n s  were used i n  procurement of t h e  reference 

materials : 

ASTM 
Item 316.5s 2 - g  r - 1Mo 5C r-&Mo-@ i S p e c i f i c a t i o n  - 

Pipe X 

X 
X 

Tubing X 

X 
X 

F i t t i n g s  X 

X 
X 

R o d  o r  X 
Forging 

P l a t e  

X 
X 

X 
x .  

X 

it 
F i l l e r  X 
Me t a l  ‘ X  

X 

A 312 GR TP 316 
A 335 G r  P22 

A 335 G r  P5C 

A 269 TP.316 

A 213 GR T22 

A 213 GR T5C 

A 403 GR WP 316 
A 234 GR WP 32 

A 234 GR WP 5 

A 276 GR TP 316 
A 182 GR F22 
A 182 GR F5 

A 246 GR TP 316 
A 387 G R  D 

A 357 (5Cr-*Mo-@’i) 

TP 316SS 

McKay 2Cr Mo 

Type 502, McKay 5Cr Mo 

it 
1/16 D I A ,  type 309, McKay 25-12 was spec i f ied  f o r  a u s t e n i t i c - t o - f e r r i t i c  

t r a n s i t i o n  welds. 
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1 

I 

-- Material - Composition W t  % 

- CrMn@NiNiSiC - - - 
Type 316 s t a i n l e s s  steel*** 17.5 1.6 3.0 11.5 0.05 -- -- -- 

T i  

++it 1b.8 1.6 1 .95  12.5 0.05 0.55 0.55 -- 
2aCr-lMo s tee1 it 2.28 0.52 0.96 -- -- 0.24 0.10 -- 

jt3+ 2.45 0.44 0.88 -- -- 0.24 0.11 -- 

5Cr-*Mo-3i s t e e l  3t 4.76 0.48 0.52 -- -- 0.40 0.09 0.48 
+tit 4.92 0.40 0.51 -- -- 0.39 0.09 0.53 

A l l  ana lyses  are  wi th in  s p e c i f i c a t i o n .  

jt C e r t i f i e d  a n a l y s i s  

+* Hales Tes t ing  Laboratory r e s u l t s  

jC** G.E. Lab results Lab. No. 598 - C e r t i f i e d  r e s u l t s  were not  available.  

b. Cleaning: 

C lean l ines s  throughout t he  f a b r i c a t i o n  and assembly of t h e  t e s t  

loops  was emphasized. Af t e r  f a b r i c a t i o n ,  bu t  p r i o r  t o  l o o p  assem- 

b l y ,  a l l  p a r t s  con tac t ing  sodium o r  sodium vapor were cleaned wi th  

a commercial type  (non-halogenated) degreasing so lven t .  Brushing, 

gr inding ,  and sandb las t ing  were used as necessary  t o  remove sca l e .  

Following c l ean ing  t h e  open ends of each f in i shed  subassembly were 

sea led  wi th  t ape  o r  s u i t a b l e  caps.  Because t h e  chrome moly s t ee l  

appeared t o  r u s t  r e a d i l y  fol lowing degreas ing ,  f i n i s h e d  p a r t s  were 

wrapped wi th  a des i ccan t  paper (Orchard Paper Co. V.P.I. paper,  

MIL-1-3240A, Type 1, Class 2 S t y l e  B )  p r i o r  t o  f i n a l  assembly. 

Precaut ions  were taken  dur ing  f i n a l  assembly and i n s t a l l a t i o n  t o  

i n s u r e  a clean system. 

.:. Weld lns;pe(:tion: 

A l l  loop welds were dye penewilnt t e s t e d .  Welds which showed e v i -  

dence of c r a c k s  du r ing  t h i s  t e s t  were repa i red  and t e s t e d  aga in  or  

r e j e c t e d  . 
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d. Leak Test ing:  

Af te r  assembly t h e  loop  was mass spectrometer l e a k  t e s t e d  a t  a 

pressure  of 50 microns i n  t h e  loop  and with helium contained i n  a 

p l a s t i c  bag surrounding the  system. 

age r a t e  was 0.01 micron cubic f e e t  per hour. 

mize de l ays  i n  t h e  system l e a k  t e s t  some of t h e  inaccess ib l e  com- 

ponents and subassemblies ( i . e . ,  hea t e r  tubes  and l e v e l  probe) * 

were l e a k  t e s t e d  p r i o r  t o  f i n a l  assembly. The combined hot  and 

cold l e g  sec t ions  of  t h e  loops - inc luding  the  h e a t e r s ,  sample 

holders ,  and main coo le r s  - were pressure t e s t e d  i n  accordance 

wi th  the  ASA Piping Code. Compressed n i t rogen  was used r a t h e r  

than hydros t a t i c  t e s t i n g  i n  order  t o  prevent subsequent de lays  i n  

removing moisture p r i o r  t o  the  mass spectrometer l e a k  t e s t  opera- 

t i o n .  

fol lowing schedule:  

The maximum al lowable leak-  

I n  order  t o  mini- 

Gas pressure  t e s t i n g  was performed i n  accordance with the  

Loop - Tes t  Pressure ,  p s i  

A l l  s t a i n l e s s  600 

2& r -1Mo and b i m e t a l l i c  9 50 

5C r-*Mo-T i and b i m e t a l l i c  1350 

C 4  F i n a l  A s s e m b l y  and I n s t a l l a t i o n  

Components descr ibed i n  t h e  previous subsec t ion  were assembled i n t o  the  

tes t  loop.  

f i c a t i o n  and Figure '111-12 shows loop  #3 dur ing  i n s t a l l a t i o n .  

shows t h e  completed e l e c t r i c a l  thermocouple and a i r  duct  i n s t a l l a t i o n  and 

p a r t i a l  completion of t h e  thermal  i n s u l a t i o n .  Components not i n su la t ed  a r e  

t h e  th ree  main h e a t e r s ,  sample holders  H 1  and H2 and t h e  bypass i n l e t  valve. 

Holder H 3  i s  insu la t ed  but  t h e  removable i n s u l a t i o n  cover f o r  access  t o  the  

f l ange  is.removed. 

p r o t e c t o r s  t h a t  obscure t h e  f langes .  S t e e l  s t r i p ,  wired i n  place over t h e  

h e a t e r  preheat  u n i t s ,  and t h e  hea te r  cab le  wrapped around t h e  bypass i n l e t  

valve are v i s i b l e .  , 

Figure 111-11 shows t h e  loop  arrangement with component i d e n t i -  

This f i g u r e  

On t o p  of t h e  sample holders  a r e  aluminum f o i l  dus t  
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FIGURE 111- 12 PARTIALLY INSULATED LOOP 
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I 

I n  o r d e r  t o  minimize pipe s t r e s s e s  r e s u l t i n g  from thermal  expansion t h e  so- 

dium system was designed wi th  only  one r i g i d  anchor po in t .  

c e s s i v e  s t r e s s e s  a t  t h e  pump c e l l ,  t h e  i n l e t  s i d e  was r i g i d l y  anchored t o  

t h e  p u ~ p  frame whi le  t h e  d i scha rge  s i d e  was supported t o  permit  motion only  

a long  t h e  l o n g i t u d i n a l  a x i s  of t h e  c e l l  p ip ing .  The dump t ank  was posi-  

t i oned  i n  a p a i r  of  "V" suppor t s  a t t a c h e d  t o  t h e  loop  frame whi le  t h e  r e -  

mainder of t h e  loop  was supported e n t i r e l y  by s p r i n g  hangers.  

v i d e s  maximum f l e x i b i l i t y  du r ing  o p e r a t i o n  from room temperature  t o  1300 F. 

Spr ing  hangers  were adapted f o r  suppor t  beneath sample ho lde r s  H1, H2, H3, 

and C3 t o  f a c i l i t a t e  use  of a p o r t a b l e  d r y  box du r ing  sample removal opera- 

t i o n s .  Overhead s p r i n g  hangers  suppor t  t h e  c o o l e r s  and a s s o c i a t e d  sample 

ho lde r s .  

To prevent  ex- 

This  pro- 

Wherever p r a c t i c a l ,  h o r i z o n t a l  p ip ing  runs  were p i tched  a t  a nominal 1/8- 

i n c h  per  f o o t  t o  a l low maximum dra inage  of sodium from t h e  l o o p  i n t o  t h e  

dump t ank  a t  t h e  completion of t e s t i n g .  The surge  t ank  was l o c a t e d  a t  t h e  

h igh  p o i n t  i n  t h e  system and t h e  dump t ank  was placed a t  t h e  lowes t  e leva-  

t i o n .  Pockets  of sodium t rapped  i n  t h e  lower end of t h e  sample ho lde r s ,  

h e a t e r s  and co ld  t r a p  a r e  no t  d r a i n a b l e .  

A f t e r  i n s t a l l a t i o n  of e l e c t r i c a l  h e a t e r s  and thermocouples t h e  e n t i r e  loop  

was i n s u l a t e d  wi th  Johns-Manville Thermobestos i n s u l a t i o n  up t o  ,!+-inches i n  

t h i c k n e s s .  The exhaus t  c o o l i n g  a i r  d u c t s  were covered wi th  f i b e r g l a s  insu-  

l a t i o n  1- inch  t h i c k  t o  prevent  excess ive  h e a t  l o s s e s  t o  atmosphere i n  the  

t e s t  a r e a .  

The sodium s u r f a c e  i n  t h e  dump and surge  t anks  was p ro tec t ed  from the  a t -  

mosphere by a rgon cover  gas .  Commercial g rade  argon,  used a s  t h e  cover  

g a s ,  was p u r i f i e d  be fo re  use  i n  t h e  system by pass ing  through a N a K  bubbler  

t o  remove p o t e n t i a l  t r a c e s  of oxygen and moisture .  A l l  ga s  l i n e s  were a l s o  

flamed p r i o r  t o  loop  s tar t  up. 

t a n k s  was in t e rconnec ted  t o  permi t  f r e e  g r a v i t y  d r a i n i n g  of t h e  loop .  A 

gas  connec t ion  on t h e  supply  l i n e  was provided f o r  use wi th  t h e  p o r t a b l e  

d r y  box t o  be used du r ing  opera t fon  of changing and/or removing co r ros ion  

samples.  Refer  t o  F igure  111-13 f o r  t h e  Cover Gas Flow Sheet .  

The cover  gas  p i p i n g  i n  t h e  dump and surge 
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The loops  were i n s t a l l e d  i n  the  t e s t  bu i ld ing  i n  the  order  t h a t  they  were 

de l ivered  from the  shop. 

equipment i n  the  bui ld ing  i s  shown on Figure 111-14. 
t i o n  of each loop  i s  i d e n t i f i e d  as fol lows:  

The arrangement of t he  loops,  panels  and o the r  

The mater ia l  composi- 

Loop Hot Leg Cold and P u r i f i c a t i o n  Lee 

#1 316SS 316SS 

#2 316SS 2$r 

#3 316SS 2 4 t h  

#4 316SS 5C r 
#5 2&r 2;;Cr 

#6 5Cr 5Cr 

The i n s t a l l a t i o n  of the  first loop  was completed dur ing  June and the s i x t h  

loop was completed dur ing  August of 1960. 

I11 D E l e c t r i c a l  Power Supply 

The e l e c t r i c a l  power supply system i s  designed t o  provide r e l i a b l e  power 

f o r  t h e  hea te r s ,  c o n t r o l l e r s ,  alarms and blower f o r  each of t h e  s i x  sodium 

t e s t  loops.  Effectively,  t h e  supply f o r  each loop  i s  independent of a l l  

o t h e r  loops  and should be comparable i n  r e l i a b i l i t y  t o  t h e  u t i l i t y  60,000 

v o l t  supply system. Owing t o  improved load d i s t r i b u t i o n ,  and i n s t a l l a t i o n  

of s e c t i o n a l i z i n g  switches t o  permit washing of i n s u l a t o r s  ou t s ide  and 

wi th in  t h e  p l a n t ,  outages of t h e  power system have been very inf requent  

r ecen t ly .  

occurred s i n c e  September, 1959. 
Only t h r e e  short- term outages a f f e c t i n g  APED a r e  known t o  have 

See Figure 111-15 f o r  a one l i n e  diagram of t h e  power supply system from 

t h e  p l a n t  s u b s t a t i o n  t o  the  i n d i v i d u a l  loop  c i r c u i t  breakers .  A s  shown, 

t h e  480 v o l t ,  60 cyc le  3 phase supply f o r  t h e  sodium t e s t  bu i ld ing  i s  pro- 

t e c t e d  by a 600 ampere breaker  i n  t h e  1000 KVA d i s t r i b u t i o n  cen te r  which i e  
fed by a 12,000 v o l t  t o  480 v o l t  load cen te r  t ransformer.  

t ransformer i s  one of two on a 2000 KVA c i r c u i t  i n  APED'S main switch-gear, 

feed ing  from the  main 12,000 v o l t  secondary of  a 60 KV t o  12 KV t ransformer 

i n  P a c i f i c  Gas and E l e c t r i c  Company's subs t a t ion .  

p l ied  wi th  s i n g l e  phase power from a 37.5 RVA, 1 phase 480/120-240 v o l t  

T h i s  1000 KVA 

Y Each t e s t  loop  i s  sup- 
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t ransformer which i s  fed,  from an ind iv idua l  100 ampere breaker  i n  t h e  t e s t  

bu i ld ing  480 v o l t  d i s t r i b u t i o n  cabinet .  

a r a t ed  from o t h e r s  i n  the  d i s t r i b u t i o n  cabine t  and a r e  wrked  t o  prevent 

i nadve r t en t  opening. 

i n d i v i d u a l  loop  power supply t ransformers .  

c a l l y  loca ted  c lose  t o  t h e i r  i nd iv idua l  loops.  

These breakers  a r e  phys ica l ly  sep- 

They provide the  primary overload p ro tec t ion  f o r  t h e  

These t ransformers  a r e  physi- 

I n  order  t o  promote long  hea te r  l i f e ,  t he  t ransformer low vol tage  t a p s  on 

the  secondary were connected t o  the  c i r c u i t  breaker  cabine t  ( loop  load d i s -  

t r i b u t i o n ) .  

v o l t s  t o  t h e  breakers .  I f  a d d i t i o n a l  hea t  i s  required i n  t h e  f u t u r e ,  these  

connect ions can be changed t o  higher  vol tage  taps .  A magnetic contac tor  i s  

provided between t h e  t ransformer and the  breaker cabine t  as the  means f o r  

automatic  disconnect  t o  each loop. 

Ins tead  of 240/120 v o l t s ,  the  t ransformer provides  225/112 

A fused-feed from t h e  l i n e  s i d e  of each 

contac tor  i s  used f o r  i n d i c a t i n g  instruments  and con t ro l  f o r  t he  loop. 

Shutdown of a loop  r e s u l t i n g  from a momentary l o s s  of power i s  guarded 

a g a i n s t  by an ad jus t ab le  time de lay  r e l a y  which w i l l  r e c lose  t h e  main con- 

t a c t o r  i f  power i s  r e s to red  wi th in  t h e  present  de lay  time (ad jus t ab le  from 

1 t o  30-seconds and p r e s e t  a t  7-seconds),  A l o s s  of power exceeding 7-sec- 

onds du ra t ion  t o  any loop  w i l l  r e s u l t  i n  loop  shutdown with t h i s  p a r t i c u l a r  

r e l a y  adjustment.  

A separate common power supply,  independent of t h e  ind iv idua l  l o o p ' s  power 

supply,  i s  provided f o r  a l l  alarms and recorders  t o  allow continuous moni- 

t o r i n g  of a l l  loops.  

condi t ions  if they  occur. 

This  w i l l  provide i n d i c a t i o n  and record of shutdown 

A power supply f a u l t  on any one loop  w i l l  not  a f f e c t  the  o t h e r  opera t ing  

loops  o r  t h e  monitoring ins t rumenta t ion ,  Conversely, power supply f a i l u r e  

of t h e  monitoring system w i l l  not  shu t  down any opera t ing  loop. 

A one l i n e  diagram of t h e  loop  power d i s t r i b u t i o n  system i s  presented i n  

Figure 111-16. 
t h e  r a t i n g  of a l l  the  i n s t a l l e d  hea te r  c i r c u i t s .  

a r e  descr ibed on the  Elementary Wiring Diagrams included i n  Appendix F. 

Each loop  has  an  i d e n t i c a l  system. This f i g u r e  a l s o  l i s t s  
Addit ional  wir ing d e t a i l s  
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I11 E Control  and Instrumentat ion 

E l  General 

E2 A l a r m  and Annunciation System 

E3 Temperature Control  

E4 Ind ica t ing  Instruments  

E5 Operat ing and Monitoring Panels 

E l  General 

The c o n t r o l  and ins t rumenta t ion  systems a r e  designed f o r  continuous relia- 

b l e  opera t ion  throughout t h e  expected du ra t ion  of each run of the  Mass 

Transfer  t e a t s .  L i t t l e  or no opera tor  a t t e n t i o n  i s  required except f o r  

i n i t i a l  a t ta inment  of normal opera t ion  condi t ions ,  minor subsequent ad jus t -  

ments, and d a t a  tak ing .  Provis ions  a r e  made f o r  immediate n o t i f i c a t i o n  of 

cognizant  personnel  a t  any t ime of day or n igh t  i n  the  event  of a loop  

shutdown so  t h a t  prompt a c t i o n  can be taken t o  r e a c t i v a t e  the  loop. 

Automatic c o n t r o l  with manual over r ide  i s  provided f o r  t he  power inpu t  t o  

t h e  h e a t e r s  and cool ing  a i r  f o r  t h e  coo le r s  t o  hold loop  AT cons tan t  wi th in  

*15 F and h e a t e r  o u t l e t  temperature cons tan t  w i th in  *5 F. S u f f i c i e n t  range 

i s  provided i n  the  automatic  c o n t r o l  t o  accommodate a n t i c i p a t e d  f luc tua -  

t i o n s  i n  vol tage  (approximately * 5 % )  and ambient day t o  n igh t  temperature 

changes of 50 F. 
e s t a b l i s h i n g  ope ra t ing  p o i n t s  w i th in  t h e  limits spec i f i ed  i n  the  con t r ac t .  

Cont ro l  of sodium flow and l e v e l  i s  s t r i c t l y  manual. 

Manual adjustments  provide a wide range of f l e x i b i l i t y  i n  

Continuous monitoring i s  provided f o r ;  1) high and low temperature po in t s  

i n  t h e  main loop; 2 )  flow i n  t h e  main loops;  and 3 )  sodium l e v e l  i n  t h e  

surge tank.  

t i o n s  depa r t  from normal limits and a s a f e t y  t r i p  (with a secondary backup) 

i s  provided t o  t r i p  off t h e  power supply when the  maximum temperature ex- 

ceeds t h e  c o n t r o l  s e t  po in t  by a predetermined margin. 

temperature  p r o t e c t i o n  i s  provided f o r  t h e  pump c e l l  where a p rese t  maximum 

temperature w i l l  t r i p  t h e  l o o p  power supply,  

Alarms ( r ed  l i g h t  and horn)  a r e  given whenever system condi- 

Addit ional  over- 

A t a b u l a t i o n  of alarms and 

shutdown s i g n a l s  with t h e i r  i n i t i a l  set po in t s  i s  presented i n  subsect ionE2.  
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I I 

120/240 V C IRCUIT  B R E A K E R  BOX 

ITEMS WATTS - - 
1 PUMP 7000 

1700 2 H E A T E R  NO. 1 
I 

WATTS - ITEMS 

14 C3-PUMP 350 

15 DUMP T A N K  500/2000 

16 H O T  L E G  SAMPLES 700'  

17 C O L D  L E G  SAMPLES 525 

18 H E A T E R  BODIES 540 

I9 COOLERS 1200 

1700 3 H E A T E R  NO. 1 

1700 
H E A T E R  No. 20 DRAIN L I N E  350 I I700  

340 0 21 C O L D  T R A P  500, 
22 C T  R E H E A T  187/750 

23 P L U G  IND. 300/1200 

24 C O L D  T R A P  IN.  9 0  

25 H 3 R .  C 1  P I P E  30 0 
26 FLOW METERS 140 

1700 - 9 H E A T E R  NO. I AUTO - 10 H E A T E R  NO. 2 a 3 A U T O  1300 - 375 

300 

7 13 H 3  - H3R P I P E  375 

11 BLOWER MOTOR 

12 SURGE T A N K  
- 

I I  I 

c 
ui W 

BLOWER 
MOTOR 

276-25 

FIGURE 111-16 LOOP POWER DISTRIBUTION 



The complete c o n t r o l  and ins t rumenta t ion  system f o r  each t e s t  loop  i s  de- 

sc r ibed  i n  F igure  111-17. This diagram d e p i c t s  t he  e n t i r e  t e s t  loop  with 

a l l  i t s  primary d e t e c t o r s  and readout,  c o n t r o l  and annunciation equipment, 

Addi t iona l  information i s  found on t h e  two Elementary Wiring Diagrams $n 

Appendix F. i 

The components of: t h e  system shown i n  F igure  111-17 provide t h e  following 

c o n t r o l  

a. 

b. 

C .  

d. 

e .  

f .  

g. 

h. 

i’. 

and monitoring func t ions  f o r  t h e  opera t ion  of t h e  loops: 

Mnua l  c o n t r o l  of a l l  c o n t r o l  elements (sodium pump, h e a t e r s ,  

coo le r s ,  and gas p re s su re )  over t h e i r  e n t i r e  design ope ra t ing  

range. 

Automatic c o n t r o l  of main h e a t e r  and coo le r  o u t l e t  temperature 

wi th  c o n t r o l  range l i m i t e d  t o  approximately 10%. This  l i m i t e d  

range a s s u r e s  t h a t  complete f a i l u r e  of t h e  c o n t r o l  c i r c u i t r y  w i l l  

no t  r a p i d l y  a f f e c t  t h e  sodium system condi t ions .  

Multipoint ( p r i n t o u t )  record ing  of t h e  h ighes t  and lowes t  sample 

holder  temperatures f o r  a l l  loops .  

Multipoint ( p r i n t o u t )  record ing  of main sodium flow and l e v e l  f o r  

a l l  loops .  

Continuous record ing  of bypass flow and plugging p l a t e  o r  cold 

t r a p  temperature on a two pen recorder  f o r  any one of t h e  s ix  

loops by appropr i a t e  s e l e c t o r  switch pos i t i on .  

I n d i c a t i o n  of temperature a t  any of t h e  thermocouples loca t ed  

throughout t h e  p ip ing  system by appropr i a t e  s e l e c t i o n .  

Continuous i n d i c a t i o n  of sodium flow, surge  tank  leve l ,  pump vo l t -  

age, c o n t r o l  po in t  temperatures,  and argon pressure  i n  t h e  surge 

and dump t anks  f o r  each loop. 

Overtemperature shutdown, and backup f o r  same, when t h e  main 

h e a t e r  o u t l e t  temperature exceeds t h e  s e t  po in t  by a predetermined 

l i m i t .  

Audible and v i s i b l e  alarms on high temperature,  low temperature,  

high sodium surge  tank  l e v e l ,  low sodium surge tank  l e v e l ,  low so- 
dium flow (main l o o p ) ,  low argon supply pressure  and reduced flow 

through t h e  bypass flow meter (plugging i n d i c a t o r ) .  
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/ 

1 

j. 
k. 

k n u a l  con t ro l  of argon pressure i n  dump tank and surge tank. 

k n u a l  con t ro l  of heat i npu t  f o r  preheat ing a l l  piping and loop t 
components. 

E2 garm and Shutdown *stems 

Such an alarm w i l l  advise  t h e  guard t o  telephone the  designated cognizant 

a t  hea te r  #3 o u t l e t )  provided by the  i n d i c a t i n g  temperature py romte r ,  can 

r e a d i l y  be changed t o  t h e  high temperature s i g n a l  from any one of t h e  

thermocouples oonnected t o  the s e l e c t o r  switches.  This  f l e x i b i l i t y  i n  se- 

l e c t i o n  of t h e  s i g n a l  overr ides  t h e  inconvenience of r e s e t t i n g  the  s e l e c t o r  

switches t o  the  proper loca t ion  every time loop temperatures are scanned. 

i 

E 3  TEmXm3tUre Control 

Sodium temperature con t ro l  i s  achieved by t h e  operat ion of hea te r s  and 

coo le r s  i n s t a l l e d  i n  each loop. 

t he  hea te r s  and coo le r s  temperature con t ro l  arrangement. Control of hea t  

input  holds the  AT constant  across the  hot  l e g  of t h e  loop and con t ro l  of 

t he  cool ing e f f e c t i v e l y  holds the  temperature of t he  hea te r  i n l e t  tempera- 

t u r e  cons tan t .  

temperature) and hea te r  number 3 (h ighes t  temperature) are used f o r  moni- 

t o r i n g  loop temperature.  

of con t ro l l i ng  both t h e  power t o  the  hea ter  and t h e  a i r  t o  the  cooler .  

hea t ing  elements a r e  connected so  t h a t  continuous con t ro l  of hea t  input  

from zero t o  maximum i s  obtainable  on each hea te r  through appropr ia te  use 
of manual and automatic controls .  

Refer t o  Figure 111-18 f o r  a diagram of 

Thermocouples a t  t h e  o u t l e t  o f  cooler  number 3 (lowest 

These measurements are then used f o r  t he  basis 
The 
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TABLE 111-2 

- 
CONDITION ACTION I N I T I A T I O N  

Red Shut 
Lipht Horn Down 

1. Breaker Open X X Breaker 
Auxiliary 

- 
- 

2. Main Loop Low X X Re c order 
Flow i Contact 

- - ~--- 
3. H i  Temp a t  H3  X X Re c ord e r 

Sample Holder Contact 
-----. 

ALARMS AND SAFETIES FOR THE SODIUM MASS TRANSFER LOOPS 

SETTING 

Type Itall  (open 
when breaker i s  
open). 

80% of .Normal 

Normal + 1 0  F 

4. Low Temp a t  
. Cooler #3 Outlet  

5 .  Low Surge 
Tank Level 

6. High Surge 
Tank L e v e l  

7. High Temp a t  
Heater #3 Outlet  

8. High Temp a t  
Heater #3 Outlet  

9. Low Argon 
Supply Header 
Pres 8 ure 

10, Plug, Ind ica tor  
Low Flow 

11. H i  Temp a t  
Pump Cel l  

\. 

X X Recorder Normal -30 F 

- 
Normal -&-inches 

Normal + ,$-inches 

X X 

X X Recorder 

- 
X Pyr o m  t er Normal + 50 F 

Relay (5Cr Loop + 30 F )  ------- .. - 
X X , Meter Relay Normal + 50 F 

---- 
X x ,  Pres sure 12 - 14 psig 

' Switch 

~ 

Normal -20% Recorder 
Contact 

X X 

X X Meter Relay Normal + 100 F 
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I n  Heater #3 t he  vol tage  of a l l  manually con t ro l l ed  u n i t s  (6 )  i s  con t ro l l ed  

wi th  a s i n g l e  va r i ac .  

vo l tage  which should inc rease  t h e i r  l i f e .  A s  i nd ica t ed  the  o’cher two 

h e a t e r s  have some u n i t s  on off-on c i r c u i t s  and some connected t o  va r i acs .  

This  a l lows  a l l  hea t ing  u n i t s  t o  opera te  a t  reduced 

The automatic  hea te r  c o n t r o l  i s  a propor t iona l -pos i t ion  pyrometer-controller 

opera t ing  an i n d u s t r i s l  c o n t r o l  motor coupled t o  two ‘Ivar iacs” (one feeding 

a 2000 watt ,  240 v o l t  element i n  Heater #1 and the  o the r  feeding  a 700 watt, 

120 v o l t  element i n  both Heater #2 and # 3 ) .  
t o r  i s  l imi t ed  t o  a value t h a t  w i l l  g ive approximately *5% c o n t r o l  of t h e  

hea t  i npu t  t o  compensate f o r  a n t i c i p a t e d  l i n e  vol tage  changes of 2 3 .  With 

one element out  of seven being con t ro l l ed  a t  hea t  v a r i a t i o n  of approximately 

70% on t h a t  element i s  requi red .  

t h i s  r e q u i r e s  approximately 43% reduct ion  i n  vol tage  o r  a v a r i a c  t r a v e l  of 

The s t r o k e  of t he  c o n t r o l  mo- 

A t  t h e  upper end of t he  vol tage  range 

140 degrees .  L i m i t  switches on the  c o n t r o l  motor a r e  s e t  t o  avoid over 

t r a v e l .  

The propor t ion ing  c o n t r o l  (without  r e s e t  a c t i o n )  i s  s e t  t o  give f u l l  cor- 

r e c t i v e  a c t i o n  f o r  a temperature e r r o r  of approximately 10 F. 

matic-manual c o n t r o l  switch g ives  manual over r ide  of t he  automatic con t ro l  

over i t s  e n t i r e  range. 

An auto- 

The au tomat i c  a i r  damper c o n t r o l  u t i l i z e s  t h e  same type  c o n t r o l l e r  and con- 

t r o l  motor as the  hea te r  c o n t r o l  descr ibed above. The motor d r i v e s  a s in-  

g l e  5-inch b u t t e r f l y  valve between , the  blower and t h e , c o o l i n g  a i r  manifold. 

Appropriate d i v i s i o n  of a i r  flow among the  t h r e e  coo le r s  i s  accomplished by 

ind iv idua l  dampers which a r e  ad jus ted  manually and then  clamped i n  place.  

Over the  des i r ed  c o n t r o l  range (*lo’%) the  d i v i s i o n  of a i r  flow t o  each 

cooler  i s  considered t o  be nea r ly  cons tan t .  

matic system i s  a v a i l a b l e  as i n  t h e  hea te r  con t ro l .  

i 

Manual over r ide  of t h e  auto- 

E 4  M i c a t i n P  Instruments  

Equipment provided f o r  v i s u a l  i n d i c a t i o n  o f  loop  temperature,  l e v e l  and 

flow i s  descr ibed i n  the  fol lowing paragraphs.  
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a. Temperature I n d i c a t i o n  

Chromel-alumel thermocouples are used as t h e  temperature sens ing  

elements throughout t h e  i n s t a l l a t i o n .  

asbestos-and-glass i n su la t ed  w i t h  ceramic beads over t he  f i rs t  few 

inches  i n  the  h igh  temperature zo ies .  

connecting the  bare  thermocouple l e a d s  t o  an ad j u s t a b l e  vol tage  

power supply and a r c i n g  the  twisted end of t h e  thermocouple i n  a 

grounded pool of  mercury. Arc welding was used t o  a t t a c h  thermo- 

couples  t o  t h e  pipe walls and t h e  sample holder  thermocouples a r e  

i n s t a l l e d  by i n s e r t i n g  t h e  couple i n t o  a ho r i zon ta l  we l l  i n  t h e  

cen te r  of t h e  sample holder  body. 

Two thermocouples are i n s t a l l e d  i n  t h e  h o t t e s t  sample holder ,  H3,  
and two i n  t h e  co ldes t  sample holder ,  C 3 .  One of t h e  thermo- 

couples  i n  each holder  provides  t h e  s i g n a l  t o  t h e  mul t ipo in t  re-  

corder  and t h e  o the r  t o  t h e  i n d i c a t i n g  pyrometer. This  f e a t u r e  

permits  pe r iod ic  c a l i b r a t i o n  of t h e  pyrometer f o r  each loop  by 

v i s u a l  comparison wi th  t h e  mul t ipo in t  recorder  which i s  common t o  

a l l  s i x  loops.  

Thirty-two thermocouples from each l o o p  are connected t o  two i n t e r -  

connected 20-point s e l e c t o r  switches.  The se l ec t ed  temperature i s  

ind ica t ed  on the  c e n t r a l  pyrometer of  t h e  appropr i a t e  opera t ing  

These thermocouples are 

The junc t ion  i s  formed by 

. 

panel.  

l a t e d  t o  a s p e c i f i c  thermocouple on both the  opera t ing  and t h e  

prehea t -auxi l ia ry  s e l e c t o r  switches.  

Table 111-3 i l l u s t r a t e s  t he  p o s i t i o n  of t h e  swi tch  as re- 

The opera t ing  switch must be 

i n  p o s i t i o n  20 when observing temperature readings  on any of t h e  

prehea t -auxi l ia ry  thermocouples i 

Because m i l l i v o l t  pyrometers are used f o r  measuring t h e  system 

temperatures,  a l a r g e  diameter  thermocouple ex tens ion  wire  ( s i z e  

14 AWG) was used t o  minimize vol tage  drop ( lead  l e n g t h )  e r r o r s .  

vo l tage 'drop  e r r o r  of approximately 2 F e x i s t s  i n  t hese  loops  be- 

cause of t h e  d i f f e r e n c e  i n  l eng ths  of  t h e  thermocouple wires. 

A 
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TABLE 111-3 

SELECTOR SWITCH NUMBER IDENTIFICATION 

ODerating Switch ' TC No. -_I_-- Preheat-Auxiliary Switch 

H 3  Sample Holder 1 Plugging P l a t e  3t 

C 3  Sample Holder 

H 1  Sample Holder 

H2 Sample Holder. 

Auxil iary Cooler 

Cold Trap Out le t  Valve 

Plugging Indica t o r  V a l v e  

H 3  Sample Holder 5 Cold Trap Body 

H3R Sample Holder 6 Cold Trap Ou t l e t  

C 1  Sample Holder 7 Pump Cell 

C2 Sample Holder 8 Pump I n l e t  

Surge Tank 9 Pump C e l l  Loop 

C 3  t o  Pump 10  Heater No. 1 

Drain Line 11 Heater No. 2 

Dump Tank 12 ' : H3 t o  H3R 

H3R t o  C 1  Cooling A i r  Ou t l e t  13 

Bypass I n l e t  Valve 14 Cooler No. 1 

coo le r  NO. 2 Dump Valve 1 5  

Spare . . 1 6 , r  _, Cold Trap Inl-et  

Spare ' 1-7 Dump Tank Vapor Trap 

Spare 18 ' Spare 

Spare 19 Spare 

. .  

. , I  
" 

* I  I t  

20 Spare Preheat-Auxil iary 
S e l e c t o r  Switch 

- - - - - - - - - - - -  
Normal p o s i t i o n  R 
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b. 

< -  

I L ,  

. i  

L 

i l  

i. . 

C .  

Flow Ind ica t ion  

Magnetic flowmeters are used i n  both t h e  main and p u r i f i c a t i o n  

loops t o  d e t e c t  sodium flow. 

from the  meters wi th  Cr-Mo a l l o y  s t e e l  c e l l s ,  a s p e c i a l  magnet de- 

s ign  was used t o  provide an  a i r  gap flux of about 2000 gauss. 

These flow sens ing  elements a r e  designed t o  provide an output  of 

0.5 m i l l i v o l t  per gpm so  t h a t  w i t h - r a t e d  flow of  1 gpm i n  the  main 

loop,  t h e  s i g n a l  l e v e l  w i l l  be 0.5 mv which i s  s u i t a b l e  f o r  ind i -  

c a t i o n  and d i r e c t  i npu t  t o  the  mul t ipo in t  recorder .  The pu r i f i ca -  

t i o n  loop  flow w i l l  be approximately 0.1 gpm wi th  a s i g n a l  l e v e l  

of 0.05 mv. Th i s  s i g n a l  i s  ind ica ted  by a galvanometer ampl i f i e r  

whose output  i s  f e d  i n t o  t h e  plugging i n d i c a t o r  recorder  through 

an  appropr i a t e  vo l tage  d i v i d e r .  

I n  order  t o  obta in  a usable  s i g n a l  

Each flowmeter i s  equipped with a thermocouple t o  measure the  mag- 

n e t  temperature.  Th i s  thermocouple i s  not  permanently connected 

t o  t h e  panel  mounted s e l e c t o r  switch due t o  an t i c ipa t ed  inf requent  

use. 

Level I n d i c a t i o n  

The l e v e l  of sodium i n  the  surge tank  i s  ind ica t ed  by a bottom 

mounted r e s i s t a n c e  probe made of t h e  same mter ia l  a s  the  surge 

tank  i n  which i t  i s  mounted. Refer t o  Figure 111-19 f o r  t h e  meas- 

u r ing  c i r c u i t  diagram and arrangement. 

Level i n d i c a t i o n  i s  achieved by measuring t h e  vo l t age  drop  of t he  

c u r r e n t  t r ansmi t t ed  through t h e  probe and sodium, The cu r ren t  i s  

t ransmi t ted  from t h e  probe t o  a mi l l i vo l tme te r  loca ted  on each of 

t h e  loop  c o n t r o l  pane ls  and t o  t h e  20-point recorder  l oca t ed  on 

t h e  monitoring panel.  

s i n c e  ze ro  l e v e l  provides  maximum vol tage  ( r e s i s t a n c e ) .  

The s c a l e  on t h e  mi l l ivo l tmeter  was reversed 

E r r o r  caused by t h e  cold junc t ion  compensation i n  t h e  20-point re- 

corder  produces a n  acceptab le  maximum e r r o r  of 5% of  t r u e  sodium 
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l e v e l .  

same percent  l e v e l  reading so t h a t  a common alarm poin t  on the  re- 
corder  opera tes  f o r  a l l  s i x  loops., 

I n d i c a t o r s  f o r  a l l  s i x  loops are ca l ib ra t ed  t o  g ive  the  

E5 Operatinp and Monitoring Panels  

A l l  of t he  i n d i c a t i n g  and recording instruments  and the  automatic and man- 
u a l  ope ra to r s  are loca ted  on t h e  7 instrument  panels .  A photograph of t h e  

i n s t a l l e d  panels  appears on Figure 111-20. As shown, t h e r e  i s  an ind iv id-  

u a l  opera t ing  panel f o r  each loop, p lus  t h e  c e n t r a l l y  loca ted  monitoring 

panel.  

Figure 111-14. 

The arrangement of t h e  ins t ruments  and opera tors  mounted on the  s i x  i d e n t i -  
c a l  opera t ing  panels  i s  descr ibed on Figure 111-21. 

alarm l i g h t s ,  p ressure  gauges and i n e r t  gas c o n t r o l  v a l v e s  are II? t h e  uDper 

area of each panel.  

loca ted  a t  eye l e v e l ;  below t h i s  a r e  the  flow, l e v e l  and pump vo l t age  ind i -  

ca to r s .  

t h e  lower l e v e l  are t h e  va r i ac  knobs f o r  c o n t r o l l i n g  t h e  pump and hea te r  

vo l tages .  

c i r c u i t  breaker  cabine t .  These breakers  a r e  used as on-off switches as 

we l l  as  f o r  overload p ro tec t ion .  

hea t  ( v o l t a g e )  s e l e c t o r  switches f o r  t h e  h e a t e r s  on the  plugging i n d i c a t o r ,  

dump tank  and cold t r ap .  

i s  used f o r  deac t iva t ing  t h e  over-temperature s a f e t y  switch on the  temper- 

a t u r e  i n d i c a t o r  pyrometer dur ing  normal data logging of t h e  thermocouple 

readings.  

t r i p  of loop  power. 

1 -  

The arrangement of these  pane ls  i n  t h e  tes t  bui ld ing  was shown on 

As you w i l l  no te  the 

The temperature c o n t r o l  and i n d i c a t i n g  pyrometers are 

A t  hand he ight  a r e  t h e  var ious  s e l e c t o r  and c o n t r o l  switches.  In 

On t h e  r i g h t  hand s i d e  of t h e  panel  i s  a 34 c i r c u i t ,  column type, 

A s  i nd ica t ed  t h e r e  a r e  t h r e e  high o r  low 

The bypass switch a t  t h e  l e f t  s i d e  of t h e  panel  

, 

This  arrangement minimizes the  p o s s i b i l i t y  of an  inadve r t en t  

The c e n t r a l l y  loca ted  monitoring panel conta ins  the  t h r e e  r eco rde r s  which 

provide multi-point p r i n t  out  recording of t h e  temperatures a t  the  h o t t e s t  

and co ldes t  sample holders ,  surge tank sod iumleve l ,  and main flow fQr a l l  

6 loops.  The recorders  a r e  used t o  i n i t i a t e  v i s i b l e  ( red  l i g h t s )  and audi- 

b l e  alarm f o r  each of t h e  recorded condi t ions  t h a t  change by more than a 
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prese t  value.  Each alarm s e a l s  i n  when i n i t i a t e d .  The audib le  alarm can 

be s i lenced  from the  ind iv idua l  opera t ing  panel so t h a t  any f u r t h e r  a larms 

pe r t a in ing  t o  t h a t  p a r t i c u l a r  panel w i l l  be v i s i b l e  only. 

t h e  alarm l i g h t ,  a "horn cu to f f "  l i g h t  i s  energized on t h e  opera t ing  panel 

when t h e  c i r c u i t  i s  turned o f f .  See Figure 111-22. 

I n  a d d i t i o n  t o  

The monitoring panel has a two pen continuous recorder  t o  f a c i l i t a t e  obtain- 

i ng  plugging i n d i c a t o r  da t a .  Plugging p l a t e  o r  cold t r a p  temperatures  and 

bypass flow from any of t he  s i x  p u r i f i c a t i o n  loops can be se l ec t ed  manually 

and are recorded when des i red .  A low flow alarm s i g n a l  i s  provided by t h i s  

recorder  which g ives  a warning t o  te rmina te  t h e  plugging run when a p re se t  

l o s s  i n  flow i s  obtained.  

t o  record cold t r a p  temperature and flow f o r  any of t h e  s i x  loops.  

The plugging i n d i c a t o r  recorder  can a l s o  be used 

The monitoring panel  a l s o  con ta ins  two alarm and horn cu to f f  l i g h t s  as in-  

d i ca t ed  on t h e  arrangement f i g u r e .  

i n e r t  gas  supply i n  t h e  main header ( l e s s  than 35 p s i )  and low flow on t h e  

two pen recorder .  

be s i l enced  by manual ac t ion .  

a c t i o n  i s  taken.  

These l i g h t s  warn the  opera tor  of low 

Simi la r  t o  t h e  opera t ing  panels ,  t h e  aud ib le  alarm can 

The "horn cu to f f "  l i g h t  i s  a c t i v a t e d  i f  t h i s  
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I V .  PROCEDURES FOR I N I T I A L  OPERnTlON AND SAMPLE PREPARATION 

I V  A 

I V  B Loop Start-up 

I V  C S t e e l  Sample Prepara t ion  

I V  D 

I V  E S t e e l  Sample Analysis 

I V  F 

Sodium Charging and F i l l i n g  

Sample Loading and Removal 

Sodium Sampling and Analysis 

I V  A Sodium Charging and F i l l i n g  

Commercial grade sodium, supplied by t h e  National D i s t i l l e r s  and Chemical 

Corporation was used f o r  i n i t i a l  opera t ion .  The sodium was furnished i n  

f i v e  g a l l o n  con ta ine r s ,  i n  c a s t  s o l i d  form. 

Conoseal f l ange  and a 65 micron s t a i n l e s s  s t e e l  f i l t e r  was a t t ached  t o  the  

bottom of t h e  conta iner  before  t r a n s f e r r i n g  t h e  sodium. 

charged wi th  approximately f i v e  ga l lons  of sodium, t r a n s f e r r e d  t o  t h e  dump 

tank  under vacuum (subatmospheric pressure  a rgon)  a t  250 t o  300 F. 

pressure  was c rea ted  i n  t h e  dump tank by a t t a c h i n g  a vacuum pump l i n e  t o  

t h e  vapor t r a p  gas nozzle.  

charging con ta ine r  dur ing  t h e  t r a n s f e r  process.  

s t a l l e d  a f t e r  t he  charging con ta ine r  was removed. 

An adapter  f o r  a 2-inch Marman 

Each loop  was 

Reduced 

An argon gas bleed was maintained over t he  

A blank f l ange  was in -  

The loop  was f i l l e d  with sodium af te r  the  dump tank had been heated t o  

300 F and t h e  main loop  preheated t o  approximately 500 F by p r e s s u r i z i n g  

t h e  dump tank  t o  2 o r  3 p s i  above t h e  surge tank  pressure .  

t i a l  l oop  f i l l i n g  ope ra t ion ,  t h e  l i q u i d  l e v e l  i n d i c a t o r  i n  t h e  surge tank 

was c a l i b r a t e d  by checking with a po r t ab le  ( spa rk  plug) l e v e l  probe in-  

s e r t e d  through t h e  vapor t r a p .  Upon completion of t he  l e v e l  check, t he  

l e v e l  was ad jus ted  t o  approximately &-inches i n  t h e  surge tank  ( equ iva len t  

t o  30% on the  i n d i c a t o r )  and then t h e  d r a i n  valve was closed. 

pump i s  operated a t  low vol tage  f o r  prehea t ing ,  flow i s  e s t ab l i shed  as soon 

as t h e r e  i s  sodium i n  t h e  pump c e l l .  

During t h e  i n i -  

Since the  

I V  B Loop Star t -up  

The sodium was heated t o  600 F f o r  i n i t i a l  c i r c u l a t i o n  a t  approximately one 
gpm t o  promote we t t ing  of t h e  electromagnetic pump and the  magnetic flow- 
meter. Af t e r  determining t h e  plugging temperature,  t he  loop  was cold 
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trapped a t  300 F i n  order  t o  e s t a b l i s h  a low oxide l e v e l  during continued 

shakedown t e s t i n g .  A temporary re ference  flow meter and pressure  gage was 

a t tached  t o  t h e  H1 and H2 sample holder  f l anges  a f t e r  the  H1 o u t l e t  and H2 

i n l e t  passages were plugged wi th  metal  wedges. 

i so thermal  loop  temperatures  of 600 F t o  700 F were obtained f o r  pump vo l t -  

ages ranging from 0 t o  225 v o l t s  t o  accomplish the  following: 

Flow and pressure  da t a  a t  

a )  Measure pump performance 

b )  Check system pressure  drop 

c )  C a l i b r a t e  main loop  chrome-moly flow meters wi th  a s tandard 

( r e f e r e n c e )  s t a i n l e s s  s t e e l  f low meter. 

Corrosion samples were loaded i n t o  the  cold l e g  sample holders  ( C l ,  C2, and 

C 3 )  and pressure d rop  d a t a  obta ined;  a f t e r  load ing  the  H 3  and H 3 R  samples 

the  p re s su re  drop  was aga in  measured as a func t ion  of pump vol tage  and flow. 

F i n a l l y ,  t h e  H 1  and H2 samples were loaded a f t e r  removal of  t h e  metal flow 

p lugs  and t h e  temporary flowmeter-pressure gage assembly. 

d e t a i l s  and r e s u l t s  of  t h e s e  t es t s  are repor ted  i n  Sec t ion  V .  

Meter attachment 

I V  C S t e e l  Sample Prepara t ion  

The s t ee l  cor ros ion  sample ma te r i a l  was purchased t o  commercial spec i f i ca -  

t i o n s .  

s e c t i o n  1 1 1 - C .  

from 1/8-inch shee t  t h a t  had been r o l l e d  t o  t h e  sample th ickness  of 1/16- 
inch .  

p i eces  of 1- inch o r  2-inch pipe and then "hot"  r o l l i n g  t o  1/16-inch t h i c k  

and then  machining t o  s i z e .  The 0.006-inches t h i c k  f o i l  sample ma te r i a l  

was obtained by a d d i t i o n a l  r o l l i n g  of t he  1/16-inch shee t  and c u t t i n g  t o  

s i z e .  

C e r t i f i e d  a n a l y s i s  of t he  ma te r i a l  composition was repor ted  i n  Sub- 
The 316 s t a i n l e s s  s t e e l  samples were i n i t i a l l y  machined 

The f e r r i t i c  sample material was obtained by c u t t i n g ,  and f l a t t e n i n g  

After shop f a b r i c a t i o n  i s  completed t h e  prepared samples a r e  s to red  u n t i l  

needed. The samples are  then  stamped wi th  a 4 -d ig i t  i d e n t i f i c a t i o n  number, 

c leaned,  d r i e d ,  weighed and s to red  i n  a d e s i c c a t o r  un t i l  loaded i n t o  t h e  

loop. 
(material combination).  
fo l lows  : 

I n  t h e  i d e n t i f i c a t i o n  system, t h e  f i r s t  d i g i t  i s  the  loop  number 
The second d i g i t  i d e n t i f i e s  sample l o c a t i o n  as 
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Second 
Diai t No. Pos i t i on  I n  Loop 

3 

4 H3 

5 H3R 

-&inch pipe a t  H3 o u t l e t  

1 H1 

8 

9 c3 

1-inch pipe ad jacent  t o  C3 

Se c ond 
Diai t No. Pos i t i on  I n  Loop 

6 c1 

2 H2 l 7  c2 

The l a s t  two d i g i t s  from 00 - 99 are used i n  sequence t o  chronologica l ly  

i d e n t i f y  samples i n  a given loca t ion .  

The procedures used i n  c leaning  and weighing samples are out l ined  below: 

Cleaning and Weighing - P r i o r  t o  Test 

A. Low Alloy S t e e l s  

1. Vapor b l a s t  each sample. 

2. 

3. Etch i n  10% H SO f o r  30 seconds. 

4. Rinse i n  d i s t i l l e d  water. 

5. Acetone r i n s e  and dry.  

Obtain des i r ed  phys ica l  measurements and macrophotographs. 

2 4  

I n  subsequent opera t ions  use fo rceps  o r  

l i n t  f r e e  gloves f o r  handling. 

6. S to re  wi th in  d e s i c c a t o r  i n  50 m l  beakers .  

B. S t a i n l e s s  S t e e l  

1. Acetone r i n s e .  

2. Passivate ( s tandard  procedure) .  

3. Obtain desired phys ica l  measurements and macrophotographs. 

4. Degrease wi th  de t e rgen t  and water. 

v e n t s ) .  

(Do not  use halogenated so l -  

5. Rinse i n  demineralized or d i s t i l l e d  water. 

6. Acetone r i n s e  and dry.  I n  subsequent opera t ions  use forceps  or  

l i n t  f r e e  gloves f o r  handling. 

7. S to re  wi th in  d e s i c c a t o r  i n  50 m l  beakers.  
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C .  A l l  Samples After Cleaning 

1. Remove from d e s i c c a t o r  and bake i n  oven a t  105 C f o r  30 minutes. 

2. Return t o  des i cca to r  and cool  t o  room temperature. 

3. Weight t o  nea res t  0.1 mg and r e t u r n  t o  des i cca to r  f o r  t r a n s f e r  t o  

t e s t  loop. 

Cleaning and WJiphinp - Afte r  Test_ 

A .  A l l  Samples 

1. Transfer  exposed sample t o  l abora to ry  i n  stoppered t e s t  tube under 

argon. 

React wi th  e t h y l  a l coho l  f o r  30 minutes a t  room temperature 

suspended cor ros ion  products  appear i n  l i q u i d ,  c o l l e c t  on a f i l t e r ,  

d ry  and weight products  s epa ra t e ly  f o r  each sample). 

2 .  (If 

3. Rinse i n  demineralized o r  d i s t i l l e d  water. 

4.  React wi th  130 F e t h y l  a l coho l  f o r  s e v e r a l  minutes, o r  i f  evidence 

of r e a c t i o n  appears ,  u n t i l  r e a c t i o n  ceases .  

5. Rinse i n  d i s t i l l e d  water u n t i l  pH of r i n s e  equals  pH of water  

supply 
6. Acetone r i n s e  and dry. 

7. Bake i n  oven a t  105 C f o r  30 minutes. 

8. P lace  i n  d e s i c c a t o r  and cool  t o  room temperature. 

9. Weigh t o  n e a r e s t  0.1 mg and r e t u r n  t o  des i cca to r  f o r  s to rage  u n t i l  

subsequent metal lographic  examination. 

Graphica l ly  t h e  proposed pre  and post  exposure events  f o r  each sample a r e  

ou t l ined  on Figure I V - 1 ,  Boxes t h a t  are dashed i n d i c a t e  t h a t  func t ion  i s  

appl ied  t o  only a s e l e c t  number of  samples. 

a few of the  metal lographic  examinations l i s t e d .  

t h e  proposed pos t  exposure examination i s  found i n  Subsection I V  E .  

Most samples w i l l  r ece ive  only 

Addit ional  desc r ip t ion  of 

I V  D Sample Loading and Removal 

I n  o rde r  t o  minimize system contamination from t h e  atmosphere i t  was o r ig i -  

n a l l y  planned t o  use a d r y  box over the  sample holder  du r ing  t r a n s f e r  of 

cor ros ion  samples i n t o  o r  from t h e  loop.  

nee r ing  Drawing 5534-1, Rev, C and included i n  Appendix F )  obtained f o r  

A vacuum dry box ( s e e  Al l ied  Engi- 
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t h i s  purpose was designed f o r  a t tachment  t o  t h e  %inch Marman f l ange  which 

was connected t o  t h e  body of t h e  sample holder .  I n  p r i n c i p l e  the  d ry  box 

was t o  serve  as a means of providing c l ean  argon cover gas  over t h e  open 

loop  when samples were e i t h e r  1.oaded o r  removed. 

During shakedown opera t ions  it was found necessary t o  thoroughly c l ean  t h e  

s e a l i n g  su r faces  of t h e  two-inch Mrman Conoseal assemblies  on t h e  sample 

holders  before  remaking t h e  j o i n t .  

f l ange  c leaning  procedure obviously contaminated t h e  cover gas  atmosphere. 

I n  a d d i t i o n ,  because t h e  sample t r a n s f e r  opera t ions  and f l ange  uncoupling 

and clamping could be cons iderably  s impl i f ied  and expedited wi th  no d ry  

box, subsequent access  t o  t h e  samples was accomplished without  using t h e  

dry box. The u n i t  i s  being maintained f o r  special t es t s .  

The a l coho l  and water used i n  t h e  

To minimize sodium contamination dur ing  sample t r a n s f e r  opera t ions  without  

a d r y  box, t h e  fol lowing s t e p s  were incorpora ted :  

1. An argon gas  purge i s  maintained over t h e  sample holder  a t  a l l  times 

when t h e  t o p  was uncovered. 

2. While c leaning  t h e  Marman Conoseal j o i n t ,  a temporary, c l o s e  f i t t i n g  

i n n e r  cap i s  pos i t ioned  i n s i d e  t h e  Conoseal assembly below t h e  l e v e l  of 

t h e  gaske t  s e a t i n g  sur face .  

A t y p i c a l  cyc le  f o r  loading  and removing cor ros ion  samples inc ludes  the  

fol lowing sequence of opera t ions :  

1. 

2. 

3. 
4.. 

5. 

6 .  

Drain sodium i n t o  dump t ank .  

Cool sample holders  t o  250 F - 300 F. 
Remove Conoseal clamp. 

Remove sample holder  cap under a s t ream of argon, withdraw cor ros ion  

samples arid rep lace  cap. 

Place exposed sample i n  a t e s t  tube under an  argon atmosphere, s topper  

and send t o  l abora to ry  f o r  c leaning  and weighing. 

Remove sample holder  cap under a s t ream of argon and cover wi th  a tem- 

porary,  i nne r  cap.  

7 4. 



7 .  Clean sodium f i l m  from gasket  s e a t i n g  su r face  of female f l ange  using 

co t ton  swabs sa tu ra t ed  with propyl a lcohol ,  then r i n s e  wi th  water and 

wipe d ry  wi th  c lean  swab. 

removed from t h e  area of t he  loop,  cleaned wi th  water and d r i ed  and re- 

turned.  

During t h i s  i n t e r v a l  t he  male f l ange  cap i s  

8. I n s t a l l  new gasket .  

9. Remove temporary inne r  cap under a s t ream of argon, then load new cor- 

ro s ion  samples i n  empty passages and cover with cleaned male f lange  

cover. 

Attach conoseal  clamp i n  accordance wi th  vendor i n s t r u c t i o n s .  

Reheat sample holders  and loop  t o  about 500 F, then  f i l l  wi th  450 F so- 
dium from t h e  dump tank  and r e -e s t ab l i sh  normal t e s t  condi t ions.  

10. 

11. 

These procedures were modified somewhat when t h e  r ad ioac t ive  t r a c e r  f o i l w a s  

used i n  run 1-1. P r i o r  t o  loading  t h e  f o i l ,  t h e  H3R sample holder  was sur- 

rounded wi th  l ead  b r i c k  sh i e ld ing  2-inches t h i c k ,  which was adequate t o  re-  

duce dose rates t o  l ess  than 2 m / h r  i n  the  surrounding ope ra t ing  area. 

24-inch long  tongs were used i n  t r a n s f e r r i n g  t h e  f o i l  between the  shipping 

cask and t h e  sample holder .  

r a d i o a c t i v e  f o i l  was t h e  l a s t  sample loaded and t h e  f i rs t  removed. 

samples were handled i n  t he  normal fash ion .  

O f  t he  4 samples normally used i n  H3R,  t h e  

Other 

Three &- by 1/16- by 2-inches metallic samples, prepared i n  a similar man- 

n e r  t o  t h e  cor ros ion  samples, were spaced, w i r e d  toge ther  and placed i n  the  

p ip ing  near  t he  H3 (Tm,) sample holder .  

s i m i l a r l y  placed near  t h e  C 3  (Tmin) holder .  

p l e s  t h e  piping near  them w i l l  have t o  be cu t .  

of a d d i t i o n a l  d a t a  j u s t i f i e d  t h e i r  i n s e r t i o n .  

Three a d d i t i o n a l  samples were 

I n  o rde r  t o  remove these  sam- 

The p o t e n t i a l  a v a i l a b i l i t y  

I V  E Steel  Sample Analysis  

The b a s i c  data f o r  t h e  mass t r a n s f e r  eva lua t ions  a r e  suppl ied by removable 

s t e e l  samples which w i l l  be exposed t o  sodium under con t ro l l ed  condi t ions  

of time, temperature,  temperature d i f f e r e n c e ,  v e l o c i t y  and oxide content .  

Each sample w i l l  be analyzed i n  a comprehensive manner i n  order  t o  ob ta in  



p e r t i n e n t  information f o r  c o r r e l a t i n g  e f f e c t s  of spec i f i ed  sodium environ- 

ment condi t ions  and mater ia l s .  

Figure I V - 1  and Appendix B i temize  or descr ibe  most of t h e  procedures used 

i n  the  sample a n a l y s i s .  

The previous ly  shown sample f lowsheet ,  

Changes i n  weight of t h e  s t e e l  samples a f t e r  exposure t o  the  sodium provides 

an important  measure of t h e  combined e f f e c t  of cont ro l led  va r i ab le s .  The 

development of an appropr ia te  s t a t i s t i c a l  program t o  supply mass t r a n s f e r  

c o r r e l a t i o n s  i s  based l a r g e l y  upon the  a n a l y s i s  of weight change data .  

Radiochemical a n a l y s i s  of s t e e l  samples i s  used t o  supplement the  weight 

change measurements and meta l lographica l  data. De ta i l s  of t h i s  a n a l y s i s  

are provided i n  Appendix C. In  each loop  conta in ing  a r ad ioac t ive  f o i l ,  

t h e  f o i l  s e rves  as a source f o r  t r a n s f e r r i n g  ac t iva t ed  i so topes  t o  loop  

components and t o  t h e  remaining s t e e l  samples throughout t he  system. Af t e r  

exposure and removal from t h e  loop  each cor ros ion  sample and t h e  f o i l  w i l l  

be analyzed f o r  a c t i v a t e d  Cr 51, Mn 54, Fe 59 and Co 60. 
t h e  depos i ted  a c t i v i t y  may be removed i n  t h e  c leaning  opera t ion ,  t he  alco-  

ho l  and water washes used i n  c leaning  the  sample a l s o  w i l l  be analyzed f o r  

t h e  same i so topes .  Af t e r  c o r r e c t i n g  f o r  t he  a c t i v i t y  contained i n  the  so- 

dium which a l s o  w i l l  be counted, t h e  r e s i d u a l  a c t i v i t y  i n  t h e  wash w i l l  be 

a t t r i b u t e d  t o  coming from the  s t e e l  sample. 

Because some of 

A l l  specimens a f t e r  t e s t  w i l l  be examined meta l lographica l ly  and compared 

wi th  r e p r e s e n t a t i v e  p r e - t e s t  samples i n  o rde r  t o  eva lua te  changes a t t r i b -  

uted t o  t h e  sodium exposure. Metallographic examination of a sample from 

each o rde r  ( s i z e )  of s t e e l  used t o  f a b r i c a t e  t h e  loops has been made and 

w i l l  be reported i n  f u t u r e  r epor t s .  

t he  sample ma te r i a l  i s  r e p r e s e n t a t i v e  of t h e  loop  material. 

A l l  ma te r i a l s  met s p e c i f i c a t i o n s  and 

I V  F Sodium Samplinp and Analysis  

A s  p a r t  of t h e  experimental  program t o  c o n t r o l  and/or monitor impuri ty  

l e v e l s ,  sodium samples f o r  each loop w i l l  be analyzed (according t o  proce- 

dures  i n  Appendix B )  a t  pe r iod ic  i n t e r v a l s  cqrresponding t o  t h e  fol lowing 

schedule : 
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1. Sodium, p r i o r  t o  loading  i n  loop. These samples were obtained by bor- 
i n g  out  c y l i n d e r s  from t h e  5 ga l lon  con ta ine r s  of c a s t  sodium a t  room 

temperature.  

Loop sodium samples, taken a t  500 F from t h e  dump tank,  us ing  t h e  t h i e f  

tube  technique.  

a. 

b. 

2. 
Samples w i l l  be taken  a t  t h e  fol lowing per iods:  

A t  beginning of each t e s t  run. 
Each time loop  i s  dumped f o r  removing cor ros ion  samples dur ing  

a run (700 and 1400 hours) .  

c. A t  end of t e s t  run (2800 hours ) .  

Impur i t i e s  which a r e  analyzed by wet chemistry and/or emission spectro-  

graphic  methods inc lude  those elements which are normally p re sen t  i n  rela- 
t i v e l y  high concent ra t ions  i n  commercial sodium (Ca and K)* p l u s  o t h e r  

elements normally found i n  the  ma te r i a l s  of  cons t ruc t ion  (Fe, C r ,  N i ,  Mn, 

Mo). 
a t t a c k  s t a i n l e s s  s t e e l  and decarburized f e r r i t i c  s tee ls .**  

Lithium was a l s o  included i n  t h i s  l i s t  because of i t s  tendency t o  

Act ivated i so topes  - Cr 51, Mn 5 4 ,  Fe 59, and Co 60 - i n  sodium samples 

from loops  conta in ing  r ad ioac t ive  f a i l s  w i l l  be analyzed t o  assist i n  pro- 

v id ing  ma te r i a l  balances f o r  mass tiransfer c o r r e l a t i o n s ,  

-- 
* 

** Liquid-Metals Handbook, NAVEXOX, P-733 (Rev. ) P. 106, June 1952. 

Liquid-Metals Handbook, Sodium-NaK Supplement TID 5277, P. 4 ,  Ju ly ,  1955. 
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V. PRE-OPERBTIOHAL S 

V A Level Gage C a l i b r a t i o n  

B b i n  Flow Meter Ca l ib ra t ion  

V C Observed Pressure Drop Data 

V A Level Gage Ca l ib ra t ion  

Level i n d i c a t l o n  i s  accomplished by measuring the  vol tage drop ac ross  a re- 

s i s t a n c e  probe which extends through the  bottom of the  surge tank t o  a 

he ight  of 12-inches,  A panel  mounted vol tmeter ,  ca l ib ra t ed  t o  % l e v e l ,  is 
used f o r  l e v e l  measurement. 

Ca l ib ra t ion  data, using a po r t ab le  spark plug probe, was obtained t o  check 

the  assumption of l i n e a r  vo l tage  change with l e v e l ,  

cons is ted  of a 12 v o l t  source with one lead fed through an i n d i c a t o r  l i g h t  

and t h e  probe element while t he  second l ead  w a s  grounded t o  t h e  loop. For 

a s p e c i f i c  measurement, t h e  po r t ab le  probe was i n s e r t e d  through the  vapor 

t r a p  i n  t h e  top of the  surge tank t o  a known d is tance .  

added t o  t h e  loop  u n t i l  t h e  e l e c t r i c a l  c i r c u i t  was completed, as de tec ted  

by the  i n d i c a t o r  l i g h t .  

d i c a t o r  was recorded. 

opera t ion  of Loop #1 a r e  shown below: 

The spark plug probe 

Then sodium was 

Simultaneously the  reading on the  pane l  l e v e l  in -  

A t a b u l a t i o n  of t he  data obtained dur ing  the  i n i t i a l  

TABLE 8-1 

Surge Tank Temperature - 530 F 

Sodium l e v e l ,  inches Ind ica to r  reading,  % + 2 

2+ 1 5  
4 26 

6 42 
9-7/8 71 

A review of t he  data shows good agreement with t h e  assumed l i n e a r  v a r i a t i o n  

of s i g n a l  with sodium l e v e l .  



F i n a l  c a l i b r a t i o n  consis ted of checking the  end poin t  condi t ions  and ad- 

j u s t i n g  t h e  ind ica to r  t o  read 0% a t  zero l e v e l  and 100% a t  12-inches or  

maximum l e v e l .  

i ng  the  r e s i s t a n c e  probe. 

surge tank drained but  a t  opera t ing  temperature.  Subsequent checks wi th  an 

ad jus t ab le  probe i n  t h e  region of 25% t o  50% showed agreement wi th in  *-inch 

fo r  t h e  simultaneous measurements on the  por tab le  and f ixed  probes. 

Figure V-1  f o r  a p l o t  of t h e  opera t ing  and i n i t i a l  l e v e l  gage c a l i b r a t i o n .  

The f u l l  tank  condi t ion (12-inches) was simulated by shor t -  

The empty tank condi t ion  was obtained wi th  the  

See 
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276-19 SODIUM L E V E L ,  INCHES 

FIGURE V-1 SURGE TANK LEVEL INDICATOR CALIBRATION 

V B M i n  Flowmeter Ca l ib ra t ion  

Sodium flow i s  detected by a permanent magnet flowmeter and ind ica t ed  on a 

panel-mounted, K in te l  e l e c t r o n i c  galvanometer. 

flowmeters - one i n  the  main flow stream i n  the  minimum temperature region 
Each loop conta ins  two 
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and one i n  the  bypass l i n e  preceding t h e  plugging i n d i c a t o r  and cold t r ap .  

A s e l e c t o r  switch determines which meter i s  providing the  s i g n a l  t o  t h e  

galvanometer. 

I n  order  t o  s a t i s f y  loop  des ign  and opera t ing  t e s t  condi t ions  the main flow- 

meter was t o  cover t h e  range of 0.2 t o  1.0 gpm and the  bypass meter 0.1 t o  0.2 

gpm. Pipe ma te r i a l s  used i n  flowmeter c e l l  cons t ruc t ion  were as fol lows:  

Type 316 s t a i n l e s s  s t e e l  - Loop #l 

2$r--lMo a l l o y  s t e e l  - Loops #2, #3 and #5 
5Cr-+Mo-&Ti a l l o y  s t e e l  - Loops #.4 and #6 

Previous experience wi th  magnetic flowmeters of a u s t e n i t i c  s t a i n l e s s  s t ee l  

ind ica t ed  e x c e l l e n t  agreement between predic ted  and measured m i l l i v o l t  s ig-  

nal/gpm f l o w .  With t h e  use of f e r r i t i c  flow p i p e s ,  however, t he  s i g n a l  i s  

cons iderably  smaller and t h e r e f o r e  more s u b j e c t  t o  e r r o r  from thermal EMF 

e f f e c t s .  

main flow meters were c a l i b r a t e d  a g a i n s t  a s t a i n l e s s  s t e e l  f low meter. 

I n  order  t o  provide more accu ra t e  flow measurements a l l  f e r r i t i c ,  

For these  c a l i b r a t i o n  tes t s  t h e  re ference  flowmeter was i n s t a l l e d  i n  a 

temporary bypass l i n e  between the  H 1  and H2 sample  ho lders  as  shown i n  

Figure V-2. 

through t h e  re ference  flowmeter, metal plugs were i n s e r t e d  i n  the  H 1  o u t l e t  

passage and i n  t h e  H2 i n l e t  passages.  I n  t h i s  manner t h e  sodium was forced 

t o  flow i n  ser ies  through t h e  f e r r i t i c  and the  s t a i n l e s s  s t e e l  flow meters. 

I n  o rde r  t o  i n s u r e  t h a t  a l l  of t h e  flow stream was d i r ec t ed  

Separa te  i n d i c a t i n g  ins t ruments  were used t o  provide simultaneous readings 

f o r  t h e  two flow meter s i g n a l s .  

ducted before  loop  samples were added. 

tes ts  var ied  from zero t o  about 1 . 5  gpm, corresponding t o  appl ied  pump 

vo l t ages  from zero t o  225 v o l t s  i n  25 v o l t  increments.  

a t  e s s e n t i a l l y  i so thermal  loop  condi t ions .  

I n i t i a l  flow c a l i b r a t i o n  runs  were con- 

The range of flows covered by t h e  

A l l  t e s t  runs  were 

Flow t e s t s  a t  500 F, 600 F and 750 F showed n e g l i g i b l e  temperature e f f e c t .  

Most of t h e  subsequent c a l i b r a t i o n  d a t a  was obtained wi th  sodium i n  the 

reg ion  of 600 F t o  700 F, approximating t h e  normal temperature condi t ions  

of t h e  flowmeter p ipe  dur ing  s tandard t e s t  runs.  



276-18 

FIGURE V-2 FLOW-AP TEST EQUIPMENT 

81 



Because of t h e  tendency of t he  Kin te l  e l e c t r o n i c  galvanometer t o  d r i f t ,  it 

was found necessary t o  zero the  instrument  immediately preceding each flow 

measurement, 

s e t s  of d a t a  were obtained over t he  pump vol tage  range, and t h e  a r i t h m e t i c  

average va lues  used f o r  each poin t .  One s e t  of readings was obtained dur- 

i n g  the  period of i nc reas ing  pump vol tage  and the  second s e t  during the  de- 

c reas ing  vol tage  per iod.  

I n  order  t o  compensate f o r  reading and instrument  e r r o r s ,  two 

Loop #2 was down, awai t ing a new pump c e l l  during the  flow c a l i b r a t i o n  

tests f o r  Loops #3 through #6. 
system a l r eady  conta in ing  type 316 s t a i n l e s s  s t e e l  and due t o  the  small and 

v a r i a b l e  flow s i g n a l  experienced with the  f e r r i t i c  flowmeters, the  two 

chrome moly p ipes  i n  Loop #2 flow meters were exchanged f o r  s t a i n l e s s  s t e e l  
ones p r i o r  t o  t h e  i n i t i a t i o n  of t h e  s tandard  t e s t  runs. 

Because t h i s  loop (#2)  was a b ime ta l l i c  

The flow c a l i b r a t i o n  d a t a  f o r  Loop #3 shown i n  Table V-2 and p lo t t ed  i n  

Figure V-3  a r e  t y p i c a l  f o r  d a t a  from t h e  f e r r i t i c  flow meters. 

of t he  flow c a l i b r a t i o n  f a c t o r s  used f o r  each of t he  t e s t  loops i s  shown i n  

Table V-3. 

A summary 

TABLE V-2 

LOOP #3 FLOW DATA 

SODIUM TEMPERATURE - 600 F 

Main Flow Meter 
Pump Voltage S ipna l ,  Mv 

75 0.006 

100 0.024 

150 0.085 
17 5 0.13 
200 0.15 
22 5 0.20 

% 
Reference Flow 

- Mv . apm 
0.11 0.177 

0.22 

0.46 

0.69 

0.57 

0.354 
0,74 

0.92 

1.11 

0.82 1.32 

Calculated c a l i b r a t i o n  f a c t o r  f o r  r e fe rence  s t a i n l e s s  flowmeter i s  0.621 

mv/gpm based upon measured magnetic f l u x  and dimension data. 
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Loop 

1 

TABLE V-3 
-I_ 

FLOW METER CALIBRATION DATA FOR MASS TRANSFER LOOPS 

Ca l ib ra t ion  
Location b t e r i a l  - Fac to r ,  mv/gpm 

Bypassif 
Main 

Bypass 
Main 

Bypass 
Main 

Bypass 
Main 

Bypass 
Main 

Bypass 
Main 

316SS 
316SS 

316SS 
316ss 

316ss 
231-  

316SS 
5C r 

316SS 
2&r 

316SS 
5Cr 

0.618 
0.641 

2.32 
2.02 

2.27 
0.169 

2.49 
0.279 

2.53 
0.126 

2.49 
0.215 

Reference F.M. 316SS 0.621 

3t Bypass r e f e r s  t o  t h e  bypass p u r i f i c a t i o n  po r t ion  of loop.  
f lowpipes o r i g i n a l l y  i n  bypass were changed t o  316 s t a i n l e s s  s t e e l  p r i o r  
t o  Run 2 and c a l i b r a t i o n  f a c t o r s  a r e  tabula ted  fsr  the  modified flow- 
meter. 
i s  included t o  r e p o r t  c u r r e n t  condi t ions .  

F e r r i t i c  

The s t a i n l e s s  bypass da ta  pos tda tes  prepara t ion  of t he  t e x t  but  



A review of t h e  c a l i b r a t i o n  curve f o r  Loop #3 i n d i c a t e s  t h a t  a negat ive  

flow s i g n a l  on t h e  main f l o u  would be obtained f o r  zaro flow. 

d a t a  v e r i f i e d  t h i s  observat ion so  t h a t  i n  normal test. opera t ion  two flow 
readings  a r e  always logged f o r  each point .  One reading was taken a t  the  

opera t ing  pump vol tage  and the  o the r  a t  zero pump vol tage.  

opera t ion  t h e  flowmeter l e a d s  were or ien ted  t o  give a p o s i t i v e  signal. 
Therefore ,  t o  ob ta in  a n e t  flow s i g n a l ,  t he  value a t  zero  pump vol tage  was 

added, i f  negat ive,  and subt rac ted ,  i f  p o s i t i v e ,  t o  t h e  measured reading  a t  

t he  ope ra t ing  pump vol tage.  

Subsequent 

For normal tesl; 

V C Observed Pressure Drop Data 

I n i t i a l  opera t ion  of loop  #1, with a l l  samples i n  place,  i nd ica t ed  g r e a t e r  

system pressure drop and/or lower capac i ty  pump performance than  o r i g i n a l l y  

a n t i c i p a t e d .  With 200 v o l t s  appl ied t o  the  primary of the  EM pump, loop  

flow was only 0.6 gpm ins t ead  of t h e  a n t i c i p a t e d  1.0 gpm. 

l imi t ed  t o  -210 v o l t s  i n  order  t o  avoid excessive hea t ing  a t  t h e  n i c k e l  

f o i l  l amina t ions  of t h e  pump c e l l  e l ec t rodes .  

Pump vol tage  wa8 

A s  a r e s u l t  of t h e  flow experience with loop  #l, pressure drop d a t a  were 

obtained f o r  a l l  o t h e r  loops p r i o r  t o  s t a r t - u p  of the  planned t e s t  runs. 
Since the  normal t e s t  loop and i t s  assoc ia ted  ins t rumenta t ion  d id  not  i n -  

c lude provis ions  f o r  measuring pump o u t l e t  p ressure ,  a temporary l i n e  con- 

t a i n i n g  a Bourden tube pressure  gage was i n s t a l l e d  a t  t he  H 1  sample holder .  

This installation, shown on Figure V-2, w a s  part of the temporary assembly 

for flowmeter c a l i b r a t i o n  which was described i n  the  preceding sec t ion .  

P e r i o d i c a l l y  during t e s t ,  argon was admitted t o  t h e  loop through t h e  supply 

valve a t  t he  temporary pressure  gage i n  order  t o  maintain the  in te rconnec t -  

i n g  l i n e  open between H 1  and t h e  gage ( f r e e  from sodium). 

e s s e n t i a l l y  isothermal  i n  t h e  region of 600 F t o  800 F, d a t a  were accumu- 

l a t e d  a t  pump vol tages  ranging from 0 t o  200 v o l t s  i n  25 t o  50 v o l t  incre-  

ments. 

c a t i o n s  were recorded f o r  each vol tage  s e t t i n g ;  a t  t h e  8ame time loop  flow 

p lus  C 3  and H 3  temperatures were noted. Data were obtained f o r  t h r e e  d i f -  
f e r e n t  condi t ions  of sample loading  i n  the  flanged holders :  

With t h e  system 

Pressure  readings a t  t he  surge tank  and a t  the  H l  sample holder  lo- 

(1) no samples, 
( 2 )  a l l  cold l e g  holders  loaded with samples, and ( 3 )  a l l  samples i n  posi-  
t i o n  except  the  H 1  and H2 sample holders .  
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To he lp  compensate f o r  reading and instrument  e r r o r s ,  f o r  each series of 

t e s t s  one set  of readings  were obtained f o r  i nc reas ing  pump vol tage  and an- 

o the r  s e t  for decreas ing  vol tage ,  and t h e  mean va lues  were used i n  p l o t t i n g  

t h e  da t a .  

l e t  passages)  and t h e  surge tank  was taken as the  system pressure  drop  o r  

pump developed head. 

t h e  pressure  drop between the  surge tank and the  pump p lus  t h e  drop  between 

the  pump and H 1  sample holder  was ca l cu la t ed  t o  be l e s s  than 1 p s i  and was 

p a r t i a l l y  compensated f o r  by t h e  lower s t a t i c  head ( < 1 p s i )  a t  t he  surge 

tank. 

The A P  between t h e  H 1  sample holder  (with no samples i n  t h e  in-  

Over t h e  flow range of  primary i n t e r e s t ,  0 t o  1 gpm, 

Pressure  drop d a t a  l i s t e d  i n  Table V-4 f o r  loop  #3 a r e  shown as representa-  

t i v e  of t h e s e  tests. 
loops  #2 through #6) are shown i n  Figure V - 4 .  These results i n d i c a t e  t h a t  

t h e  system pressure  drop i s  g r e a t e r  t han  was ca l cu la t ed  f o r  the  i n i t i a l  de- 

s ign  ( < 70 p s i  a t  l gpm). 

t h e  f i n a l  l o o p  design (which included more samples than when t h e  ear l ie r  

c a l c u l a t i o n s  were made) i s  shown i n  Appendix E and i n d i c a t e s  c l o s e r  agree- 

ment wi th  t h e  experimental  da ta .  

Curves based upon d a t a  from a l l  t h e  loops (covering 

However, l a t e r  pressure  drop c a l c u l a t i o n s  for 

TABLE V - 4  

LOOP #3 PRESSURE DROP DATA 

Sodium Temperature - 600 F 

Samples S t a t u s  - A l l  loaded except  H 1 &  H2 holders  

Pump Volts  

0 
50 

100 
125 
150 
17 5 
200 
225 

Flow, apm 
0 
0 

0.18 
0.28 
0.40 
0.53 
0.65 
0.78 

LP,  p s i  

- 
1.3 
4*3  
7.8 

13.9 
20.0 
30.9 
42.1 

I n  o rde r  t o  f a c i l i t a t e  a t t a i n i n g  t h e  des ign  flow of 1.0 gpm f o r  subsequent 

tests t h e  pump c e l l  des ign  can be modified t o  provide increased  developed 

head, 
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V I .  PKOJE'2T STATUS ( DECEMBER, 1960 ) 
'This yeport  has  descr ibed t h e  design d e t a i l s  of t he  k s s  Transfer  Test  

LOOP:; dnd has  ind ica t ed  t h e  results of the  pre-operat ional  t e s t s  and de- 

sc r ibed  t h e  i n i t i a l  ope ra t ing  procedures.  To t h e  bes t  of our  knowledge 

these  t e s t  loops have been designed, f a b r i c a t e d ,  checked out and now a r e  

ready t o  provide cont rac ted  t e s t  da t a .  

appears  t o  be involved with the  loop  pressure  drop ( o r  t he  pump spec i f i ca -  

t i o n s )  and removal of samples a t  room temperature and wi th  b r i e f  exposure 

t o  a i r  in s t ead  of a t  opera t ing  condi t ions .  

The only shortcoming of these  loops 

The i n i t i a l  t e s t  runs on each loop  have been operated according t o  t e s t  

s p e c i f i c a t i o n s  except for t h e  maximum v e l o c i t y  ( o r  flow r a t e ) .  The pumps 

are operated a t  maximum developed head condi t ions  and wi th  cor ros ion  sarn- 

p l e s  i n  a l l  sample holder  s l o t s .  

loops  wi th  s t a i n l e s s  s t ee l  pump c e l l s  w i l l  opera te  a t  about 0.6 t o  0.7 of  

r a t e d  (one gpm) flow. 

l i m i t e d  t o  l ess  than 0.5 gpm flow. 

Experimental  d a t a  i n d i c a t e s  t h a t  the 

While t h e  loops wi th  f e r r i t i c  pump c e l l s  w i l l  be 

The flow meter c a l i b r a t i o n s  have ind ica t ed  somewhat lower than  an t i c ipa t ed  

s i g n a l  from t h e  f e r r i t i c  flow meters. 

d i f f i c u l t y  due t o  thermal  e l e c t r i c  o r  o the r  low vol tage  pickup i n  these  

systems. 

This  i n d i c a t e s  t h a t  t h e r e  w i l l  be 

The results of t h e  f irst  s e r i e s  of t e s t  runs  w i l l  be reported i n  t h e  fo r th -  

coming Topica l  Report: GEAP-3726-Sodium Mass Transfer :  I I -Screening Tes t  

Data and Analysis.  
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Each ind iv idua l  appendix contained he re in  and l i s t e d  below i s  preceded by 

a colored d i v i d e r  page. 
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APPENDIX A 

LITERATURE SURVEY ON MASS TRANSFER I N  LIQUID METAL SYSTEMS 

A l i m i t e d  l i t e r a t u r e  survey was undertaken i n  t h e  f a l l  of 1959, during t h e  

i n i t i a l  phase of t h e  Bss Trans fe r  Program, t o  provide an  up-to-date b i b l i -  

ography f o r  a l k a l i  metal cor ros ion  and mass t r a n s f e r .  

of t h i s  survey was t o  accumulate a d d i t i o n a l  background information f o r  use 
i n  de f in ing  t h e  loop  des ign ,  ope ra t ing  procedures and the  experimental  t e a t  

program. 

One of t h e  ob jec t ives  

An a b s t r a c t  or l i s t  of  p e r t i n e n t  information contained i n  each r e p o r t  i s  
presented i n  t h i s  Appendix. 



LITERATURE SURVEY ON MASS TRAhSFER I N  LIQUID METAL SYSTEMS 

October 27, 1959 

Prepared By T.  J .  Powell 

The main purpose of t h i s  l i t e r a t u r e  survey i s  t o  provide a c u r r e n t  b i b l i -  

ography, included he re in ,  on the  sub jec t  of mass t r a n s f e r  and cor ros ion  i n  

l i q u i d  metal systems toge ther  with any information p e r t i n e n t  t o  our present  

s tudy of mass t r a n s f e r  i n  molten sodium. 

I n  t h i s  bibl iography most of t h e  r e fe rences  a r e  followed by a l i s t  of the  

r e p o r t  h i g h l i g h t s  which were considered of primary i n t e r e s t  t o  the  bbss 

Transfer  Program. 

the  survey, and a r e  summarized i n  the  fol lowing t e x t .  

The fol lowing po in t s  were given s p e c i a l  cons idera t ion  i n  

a. 

b. The pro and con of a monometallic system. 

c .  The use of an  economizer. (F igure  8 loop)  

d .  Spec ia l  sample handling techniques.  

e. The e f f e c t  of ve loc i ty .  

f .  Di f fus ion  bonding and removable p a r t s .  

g. Radioact ive t r a c e r  techniques.  

h. 

The e f f e c t  of continuous o r  non-continuous opera t ion  of t h e  loop. 

The r e s u l t s  of t e s t s  on 316SS, 2Sr-lMo a l l o y  s t e e l ,  and SCr-+Mo-Ti 

a l l o y  s t e e l .  

I n  cons ider ing  the  fol lowing remarks, i t  must be kept i n  mind t h a t  a l l  de- 

duc t ions  are based on what i s ,  a t  most, a l imi t ed  l i t e r a t u r e  survey. Cer- 

t a i n  t r ends  a r e  ind ica ted  b u t  no d e f i n i t e  conclusions can be made wi th  re -  

spec t  t o  t h e  s t a t e  of t h e  a r t  without a f u r t h e r  s ea rch  of t h e  l i t e r a t u r e ,  

and, i f  poss ib l e ,  a determinat ion of t h e  e x t e n t  of c u r r e n t l y  unpublished 

work. 

above. 

The fo l lowing  remarks correspond a l p h a b e t i c a l l y  t o  t h e  po in t s  l i s t e d  

a. I n  the  l i t e r a t u r e  reviewed, no re ference  i s  made t o  t h e  d e s i r a b i l -  

i t y  of continuous opera t ion  of t h e  loop,  nor t o  the  ill e f f e c t s  on 

the  v a l i d i t y  of experimental  r e s u l t s  obtained by a shutdown-startup 

method. 
no t  very d e s i r a b l e  i n  t h a t  no experimental  procedures were found 

However, it i s  implied t h a t  discont inuous opera t ion  i s  
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which involved i n t e n t i o n a l  shutdown before  the  end of the  run on 

a l l  samples i n  t h e  loop. L i t e r a t u r e  (McKee (a))  reviewed a f t e r  

the  o r i g i n a l  l i t e r a t u r e  survey was i ssued ,  i n d i c a t e s  t h a t  h i s  

loops were cooled t o  room temperature f o r  removing se lec ted  corro- 

s ion  samples p r i o r  t o  t h e  end of a t e s t  run. 

b. Although the  a d d i t i o n a l  expense must be considered,  the  d e s i r a b i l -  

i t y  of a monometallig system seems t o  be l i t t l e  quest ioned,  espe- 

c i a l l y  a t  temperatures g r e a t e r  than 1000 F, E p s t e i n , ( l 2 )  Kelman, 

Wilkinson, and Yaggee(&l) and Koeing and Brush.(22) 

c. The use of an economizer seems t o  have been almost un ive r sa l  i n  

forced c i r c u l a t i o n  thermal g rad ien t  loops.  General ly  no comment 

has been made i n  the  l i t e r a t u r e  regard ing  l i m i t a t i o n s  assoc ia ted  

wi th  use of an  economizer. 

economizer which did not  perform according t o  design i n  t h a t  i t  
had a lower capac i ty  f o r  hea t  t r a n s f e r  than  was predic ted .  

However, Markert(28) desc r ibes  an 

No mention i s  made of experimental  d a t a  from the  economizer region 

and/or i t s  v a l i d i t y ,  

d .  The sample handl ing techniques of those  t e s t s  reviewed were f a i r l y  

s tandard.  I n  gene ra l ,  a l l  consis ted of dumping and/or cool ing the  

loop  before  removal of t h e  sample. 

proposed by Prados and S c o t t , ( s )  i s  based upon obta in ing  weight 

da ta  f o r  hot  zone samples and cold zone d e p o s i t s  a f t e r  t he  f i rs t  

plugging occurs i n  i n i t i a l  opera t ion .  Then, da t a  would be obtained 

f o r  progress ive ly  s h o r t e r  per iods  of t ime i n  subsequent opera t ions .  

This method however, could be p r o h i b i t i v e l y  time consuming. 

A somewhat o r i g i n a l  approach, 

e. No t e s t s  were found which endeavored t o  measure v e l o c i t y  e f f e c t s  

a t  v e l o c i t i e s  as high as 30 f t / s e c ;  however, "...flow r a t e s  a r e  

s a i d  t o  be important  up t o  30 f t / s e c , "  Draycott and Rich(6) .  
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f .  

H a a g ( u )  ind ica ted  t h e  t r a n s p o r t  r a t e  t o  be i n v a r i a n t  wi th  flow 

v e l o c i t y  i n  t h e  range 0 .1  t o  1 5  f t / s e c  f o r  sodium temperatures  up 

t o  900 F. 

"There i s  one p e c u l a r i t y  of t h e  sodium. . . . p  i e c e s  of similar 

metal i n  con tac t  under sodium gene ra l ly  weld i f  t h e  temperature 

i s  high enough. Self-welding has never .been observed t o  occur 

below about  600 C," E p s t e i n . ( l 2 )  And aga in ,  "The scavenging ac- 

t i o n  of sodium c a t a l y z e s  d i f f u s i o n  welding," Koeing and Brush, (22) 

These observa t ions  would seem t o  i n d i c a t e  t h a t  movable p a r t s  could 

not  be used i n  h igh  temperature sodium systems i f  t h e  system i s  t o  

be monometallic . 
g. The use of  t r a c e r s  i n  t h e  s tudy  of  cor ros ion  was foreseen  by 

S t a n l e y ( 3 )  as e a r l y  as 1947. 
used toge the r  wi th  weight measurement, i n  t h e  s tudy  of mass t r ans -  

f e r  and p r e f e r e n t i a l  l ead ing ,  D a v i s  and Drayco t t , (4 )  Draycott  and 

Rich(5)  and Eding and Cam.@) Tracers  a re  p a r t i c u l a r l y  recom- 

mended i n  t h e  range where the  mass t r a n s f e r  cannot be measured by 

weighing, k r k e r t .  (28) 

Today t r a c e r  techniques have been 

Using t r a c e r  techniques,  Haag(u)  i n d i c a t e s  t h a t  bu i ldup  of a c t i v -  

i t y  i s  uniform wi th  r e spec t  t o  system geometry. 

h. Data i s  presented wi th  t h e  o u t l i n e  a b s t r a c t s  i n d i c a t i n g  t h e  ra te  

of mass t r a n s f e r  of p a r t i c u l a r  a l l o y s  under va r ious  t e s t  condi- 

t i o n s .  
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I 

e. Two p r i n c i p a l  methods of l i q u i d  metal a t t a c k  a r e  ind ica t ed :  

1. By s o l u t i o n  - of t h e  major c o n s t i t u e n t  of t h e  alloy or  by 

leaching  out a minor a l l o y i n g  element or  by s o l u t i o n  o f  g r a i n  

boundary c o n s t i t u e n t s .  

2. By chemical r e a c t i o n ,  e i t h e r  of t h e  l i q u i d  metal o r  of some 

impuri ty  which it  conta ins  (such a s  oxide) .  

13. Eps te in  and Weber, Corrosion and Other Fac tors  i n  t h e  Application of 

- Sodium t o  t h e  KAPL Reactor,  KAPL-M-LFE-4, 1948. 
a. A genera l  d i s c u s s i o n  of sodium technology with reference t o  KAPL 

r e a c t o r s .  

b. "There i s  one p e c u l a r i t y  of  sodium... Pieces  of s i m i l a r  metal i n  

contac t  under sodium g e n e r a l l y  weld i f  t h e  temperature i s  high 

enough. Se l f  welding has never been observed t o  occur below about 

600 c.li 

c. "For Metals whose oxides  a r e  reduced by Na, cor ros ion  i s  n e a r l y  

independent of f low ve loc i ty ."  

I n  oxygen free  systems (>0.01 w/o) no e f fec t  of flow v e l o c i t y  on 

cor ros ion  i s  expected. 

There i s  no e f f e c t  of t h e  oxide f i l m  on SS on t h e  p u r i t y  of t h e  

sodium. 

The d i f f u s i o n  of oxygen from SS i n t o  sodium i s  negl ig ib le .  

d .  

e. 

f .  
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Haag, F. G . ,  A c t i v i t y  Transport  i n  Sodium Cooled .%stems, KAPL-P-1707, 

1957. 
a. Test condi t ions:  

15. 

1. 600-900 F 

2. 0.1-15 f t /sec 

3.  Monometallic Construct ion 
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Isotope S t a i n l e s s  S t e e l  

C O  - 60 0.0032 
Ta - 182 0.20 
Mn - 54 0.13 
Fe - 59 0.012 
C r  - 51  0.0006 

16. Hayes and Shepard, Corrosion and Decarburization of F e r r i c  Chromium- 

Molybdenum S t e e l s  i n  Sodium Coolant Systems, NAA-SR-2973, 1958. 
a. Tes t  equipment: 

1. High-velocity i so thermal  pump lop:  1025 F, 13.5 f t / s e c ,  NaZO 

2. Low-velocity anisothermal  pump loop: 550-1050 F, 0.13 f t / s e c ,  

a t  36 ppm. 

NaZO a t  1 0  ppm. 

b. A l l  of steels t e s t e d  showed low cor ros ion  rates, 

c. Decarburizat ion encountered i n  low-chromium samples. 

Ind iv idua l  Element (co = 1) 

2.7~10-6 1 
2.0~10-4  75 

- - 
8.3~10-3 3,100 
1 .0~10-4  40 

d .  S t e e l s  wi th  5% Cr o r  more were carburized.  

17. Hoffman and W l y ,  Corrosion Resis tance of Metals and Alloys t o  Sodium 

and Lithium, Advances i n  Chemistry Series f19, Am. Chem. So., 1957. 

a. General d i scuss ion  of corrosion.  

b. Severa l  example loops  shown. 

18. Holman, W. R., Mass Transfer  by High Temperature Liquid Sodium, AECU- 

4071 and 4072. 

a. Test condi t ioner  

1. Thermal convection loops 

2. 1500 F maximum, 1330 F minimum 

3. Material:  TP 316 s t a i n l e s s  s t e e l  
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4. Calculated average ve loc i ty :  < 3  ft /min 

5., - 50 ppm Na20 by d i f f u s i o n  cold t r a p  
b. "Mass t r a n s f e r  r a t e s  are nor necessa r i ly  t h e  same f o r  both solu- 

t i o n  and depos i t ion ,  bu t ,  --- they appear t o  be of t h e  same order  

of  magnitude. I'  

c. Corrosion samples loca ted  i n  chain fash ion  throughout c i r c u l a t i n g  

loop. 
2 

d. 

e. 

Corrosion ra tes  ranged from +O.76 t o  -0.64 mg/cm -mo. 

Samples gained weight a t  co lder  end of hot l e g  and l o s t  weight a t  

higher  temperature region.  Zero weight change noted near  cen te r  of 

ho t  l eg .  

19. Jackson, C .  B . ,  Ed i to r .  Liquid Metals Handbook, Sodium-NaK Supplement --9 

Third E d i t i o n ,  U . S .  Government P r i n t i n g  O f f i c e ,  1955. 

a. Techniques and f a c i l i t i e s  f o r  r ad ioac t ive  material i n v e s t i g a t i o n s  

a r e  descr ibed including:  

1. A f igure-of-eight  sodium t e s t  loop,  a t  890 F Tmax, AT = 250 F, 
flow = 0.6 gpm, oxygen = 35 ppm, wi th  an i r r a d i a t e d  s t a i n l e s s  

s t e e l  source specimen. 

2. An in -p i l e  sodium t e s t  loop  us ing  a non-radioactive N a K  c i r c u i t  

f o r  cool ing and an  economizer t o  minimize heat  l oad ,  operated 

a t  900 F Tmax and 2* gpm flow. 

b. The e f f e c t s  of oxygen, temperature,  A T ,  ve loc i ty ,  time and se l ec t ed  

i n h i b i t o r s  on r ad ioac t ive  material t r a n s f e r  a r e  discussed.  Most of 

t h e  r e s u l t s  a r e  based upon a maximum temperature of 

ever ,  thermal  convection capsules  a t  1300 F and 700 F AT showed 

t r a n s p o r t  rates -300 times those  obtained wi th  t h e  in -p i l e  loop  

( r e f e r r e d  t o  above).  

1000 F. How- 

20. Kel&n, Wilkinson, and Yaggee, Resis tance of Mater ia ls  t o  Attack & 
Liquid Metals, ANL-44-17, 1950. 

a. 

b. 

General  background and t e s t i n g  methods. 

Extensive cons idera t ion  of work on Na and N a K  cor ros ion  p r i o r  t o  

1950. Less on a l a r g e  number of o the r  l i q u i d  metals. 

. 
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c. ".. .because of t h i s  mass t r a n s f e r  of copper (and t o  a l e s s  ex ten t  

of i r o n )  mul t imeta l l ic  systems containing these  elements y i e ld  data  

t h a t  a r e  o f t e n  d i f f i c u l t  t o  in te rpre t . ' I  

d.  'I ..., when exposed t o  sodium, metals high i n  chromium, such as 

s t a i n l e s s  s t e e l  and s t e l l i t e ,  acqui re  oxide f i lms  which prevent i n -  

t ima te  contac t  and thereby i n h i b i t  d i f f u s i o n  welding" i f  enough 

oxygen i s  present  i n i t i a l l y  t o  form the  f i l m .  

21. Keyes, J. J.,  Some Calcula t ions  of Diffusion Controlled Thermal Gradient 

Mass Transfer ,  ORNL 57-7-115, Ju ly ,  1957. 

P resen t s  c a l c u l a t i o n s  on t h e  amount of mass t r a n s f e r  t o  be expected i n  

l i q u i d  a l k a l i  metal systems f o r  two assumed d i f f u s i o n  mechanisms: 

a. Boundary l a y e r  assumed sa tu ra t ed  and r a t e  of t r a n s f e r  l imi t ed  by 

r a t e  of d i f f u s i o n  of s o l u t e  i n t o  l i q u i d .  

A s imp l i f i ed  genera l  expression f o r  e f f e c t s  of v a r i a t i o n  i n  tempera- 

t u r e  and composition i s  given by: 

b. 

Where W ( 0 )  i s  mass t r a n s f e r r e d  i n  time 0 ,  kL i s  mass t r a n s f e r  coef- 

f i c i e n t ,  S i s  s o l u b i l i t y  of so lu t e  i n  l i q u i d  Na o r  N a K ,  tH and tC 
a r e  hot  and cold zone temperatures,  respec t ive ly .  

Rate of t r a n s f e r  l imi t ed  by r a t e  of d i f f u s i o n  of a component of 8 

s o l i d  a l l o y  element up t o  the  s o l i d  sur face .  

c. 

A s impl i f ied  genera l  r e l a t i o n s h i p  i s  given by: 

Where Dw i s  d i f f u s i t y  of a l l o y  element i n  t h e  s o l i d  wall;  x, t he  

bulk composition; pw, s o l i d  dens i ty .  

22. Koeing and Brush, Se lec t inP  Mater ia l s  f o r  Liquid Sodium Systems, KAPL- 

P-1484, 1955. 
a. Tes t s :  

1. 
b. 

Dynamic up t o  1000 F 

S t a t i c  up t o  1650 F 
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b. A t  temperatures above 1000 F, s t a i n l e s s  s t e e l  i s  p roh ib i t i ve ly  a t -  

tacked i f  t h e  sodium oxide content  i s  more than a few hundredths 

percent .  

c. E f f e c t s  of cover gases.  

d.  ' Non-monometallic systems of ordinary s t r u c t u r a l  mater ia l s  show no 

tendency t o  t r a n s f e r  a t  temperatures up t o  1000 F. 
e. "The scavenging a c t i o n  of sodium ca ta lyzes  d i f fus ion  welding." 

T(De,q. F )  R( mg/dm'-mo 1 
2 4 ~ r - 1 ~ 0  950 10  

5C r-%Mo-3 i 950 1 0  

23. Lyashenko, e t  a l ,  Proceedings of t he  Second I n t e r n a t i o n a l  Conference on 

t h e  Peaceful Uses of Atomic E n e r a ,  Vol. 7 ,  p.2194, United Nations, 

Geneva, 1958. 

a. A USSR paper on the  cor ros ion  r e s i s t a n c e  of var ious a l l o y s  i n  so- 

dium and l i th ium.  

b. Tes t  condi t ions :  

1. 

2. About 5 mm/sec 

3. Economizer used i n  loops 

Mechanical p r o p e r t i e s  considered a f t e r  exposure. 

600 C (bypassed a t  120-150 C )  

a .  

24. Lyon, R. N . ,  Ed i tor .  Liquid Metals Handbook, Second Edi t ion ,  U.S. Gov- 

ernment P r i n t i n g  Of f i ce ,  1954. 
a. Describes t h e  des ign  and cons t ruc t ion  of a t y p i c a l  t e s t  loops f o r  

dynamic cor ros ion  s t u d i e s .  

signed fo r  l gpm flow a t  -1000 F Tmax and included i n  economizer. 

Corrosion specimens were contained i n  flanged sec t ions  i n  t h e  Tmx 

and Tmin regions.  

Types and mechanisms of l i q u i d  metal  corrosion a r e  discussed.  

mary r e s u l t s ,  based p r i n c i p a l l y  upon s t a t i c  cor ros ion  t e s t s ,  f o r  

t he  cor ros ion  r e s i s t a n c e  of var ious  cons t ruc t ion  ma te r i a l s  a r e  in-  

cluded. 

The tes t  loops were of type 347SS, de- 

b. Sum- * 
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25. M.S.A., F i n a l  Report on Liquid Metal Technology, P ro jec t  No. NR031-364, 

b r c h ,  1955. 
a. General i n t roduc t ion  t o  research  and development work over 5 year  

c o n t r a c t  per iod.  
P resen t s  summary of s o l u b i l i t y  s t u d i e s  of  i r o n  and n i c k e l  i n  sodium. b. 

ppm i r o n  = 0.5 + 0.0122 t 
ppm n i c k e l  = 1.3 + 0.0199 tF 
where t = temperature i n  OF 

' 

F 

F 
C. Abs t rac ts  o f ' a l l  l i q u i d  metal technology r e p o r t s  issued by Mine 

Safety Appliance Co. over zon t r ac t  period a r e  included.  

26. Manly, W. D., Fundamentals of Liquid Metal Corrosion, Corrosion, 12  4.6- 
52, Ju ly ,  1956. 
a. Types of a t t a c k :  

1. Simple s o l u t i o n  

2. Alloying between l i q u i d  and s o l i d  metal 

3. In t e rg ranu la r  pene t r a t ion  

4. Impurity r e a c t i o n s  

5. Temperature grad ien t  mass t r a n s f e r  

6. Concentrat ion g rad ien t  mass t r a n s f e r ,  o r  d i ss imi la r  metal mass 

t r a n s f e r  

b. Tes t  va r i ab le s :  
1. Temperature 

2. Temperature g rad ien t  

3.  Cyclic  temperature f l u c t u a t i o n  

4. Surface a r e a  t o  volume r a t i o  

5. P u r i t y  of  l i q u i d  metal 

6. Flow v e l o c i t y  

7. Surface condi t ions  

8. Materials  i n  con tac t  wi th  l i q u i d  metal 

9. Condition of con ta ine r  ma te r i a l  

Discussion of t h e  above with some examples. c .  
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27. Markert, W . ,  The Corrosion Tes t ing  of Various Mater ia ls  i n  Sodium, 

SW-3792, 1954. 

a .  Work prel iminary t o  BW-7020, Corrosion Tes t ing  of Various Materibla 
- i n  Sodium, by Dudek and Ferguson. 

b. Tes t  condi t ions:  same a s  BW-7020. 

c.  The 300 s e r i e s  s t a i n l e s s  s t e e l s  gene ra l ly  had low pos i t i ve  weight 

changes. 

Croloys had low weight changes: nega t ive  i n  those  with less than 

5 percent  chromium and p o s i t i v e  i n  those with more than  5 percent  

chromium. 

d .  

28. B r k e r t ,  W., I n v e s t i g G i o n  of Corrosion and Mass Transfer  With Sodium 

i n  a Fipure-of-Eipht C i r c u i t ,  BW-3794, 1954. 
a. Test condi t ions:  

1. 

2. 

Economizer did not  f u l f i l l  design condi t ions.  

Transfer  rates were smal le r  than  those  obtained using spinning 

samples (BW-7020). 

Detai led d e s c r i p t i o n  of loop and i t s  operat ion.  

Tmx = 1067 F, AT = 617 F 
v = 30 f t / s e c  a t  3 gpm 

b. 

c. 

d. 

e. Bss t r a n s f e r  i n  some cases  was so small t h a t  weight measuring tech- 

niques f a i l e d  and t r a c e r  techniques are recommended. 

29. McKee, John M., Sodium Corrosion A s  a Function of T i m e ,  Presented at 

5 t h  Nuclear Congress, Apr i l ,  1959. 

a. Tes t  condi t ions:  

1. Two thermal convection loops 

2, 1575 F maximum, 475 F system AT 

3, frlaterial: TP 316 s t a i n l e s s  s t e e l  

4. Removable cor ros ion  samples loca ted  i n  1575 F region 

5. Calculated average sodium ve loc i ty :  2-inches/second 

Samples removed a t  1000 hour i n t e r v a l a  throughout completion of run 

a t  5000 hours. 

moval Itto minimize t h e  p o s s i b i l i t i e s  f o r  oxygen c o n t a d n a t i o n  o f  

t h e  s od iumll. 

b. 

Loops were cooled t o  room temperature p r i o r  t o  re- 

. 
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c. Diffusion cold t rapping  with f rozen  sodium was used to maintain 
system oxide content .  

a n a l y s i s  from a sodium sample withdrawn a t  end of t es t  run. 

ported oxygen content :  

1. Loop A: 100, 130 ppm 

2. Loop B: 40, 80 ppm 

Only re ference  found which reported sodium corros ion  as a function 
of time cor ros ion  r a t e  da t a  ( a t  1575 F and v e l o c i t y  of -2-inchee/ 

s e c )  for :  

Oxygen content  was obtained by chemical 

Re- 

d .  

1. 500 hours: 1 .5  mg/cm 2 -mo 

2 2. 4000 hours: 0.5 mg/cm -mo 
F e r r i t i c  boundary l a y e r  found on cor ros ion  samplee. e. 

30. Prados and Sco t t ,  Proposal f o r  an  Experimental Study of Thermal Gr adlei& 

Mass Transfer  i n  a Thermal Convection Loop, ORNL-CF 58-2-124, 1958. 
a. General i n t roduc t ion  with present  s t a t e  of a r t .  

b. 

c. 

d .  Criteria of experiment: 

Theory wi th  equat ion  of  t r a n s f e r  between wall and l i q u i d .  

Pyrex and Quar tz  loops suggested.  

1. 
2. 

Loop ma te r i a l  must be i n e r t  t o  l i q u i d  metal. 

The r a t e s  of t r a n s f e r  must be high enough t h a t  s i g n i f i c a n t  

q u a n t i t i e s  a r e  t r ans fe r r ed  i n  a reasonable  amount of t i m e .  

e. Mode of operat ion:  t he  loop is  operated u n t i l  plugging occur8 i n  

t h e  cold zone, then i s  shutdown and ho t  zone sample and cold zone 
d e p o s i t s  weighed. 

s h o r t e r  times before plugging ... a curve i s  obtained,  

Process i s  repeated wi th  shutdown i n  s h o r t e r  and 

f .  Data a r e  included and method of a n a l y s i s  discuseed.  

31. Smith, A.  A. ,  The I n t e r a c t i o n  of Sodium and Ferrous Mat crus a t  H&& 
Temperatures, NP6649, August, 1955. 

Discusses deca rbur i za t ion  of f e r r i t i c  s t e e l  i n  sodium. 
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32. Smith, F. A . ,  Proceedinm of t h e  Second I n t e r n a t i o n a l  Conference on the 

Peaceful Uses of Atomic E n e r a ,  Vol. 7,  p.2291, United Nations, Geneva, 

1958. 
a. General d i scuss ion  of sodium reac to r s .  

b. 1. IISodium i s  the  b e s t  cor ros ive  of l i q u i d  metals,  i n  both s t a t i c  

and dynamic systems." 

2. " . . . the  mechanism of l i q u i d  metal cor ros ion  ..., simply depends 

on the s o l u t i o n  r a t e  of the  s o l i d  metal i n  the  l i q u i d  metal." 

c. Fab r i ca t ion  p r a c t i c e s  a r e  discussed.  

33. S tan ley ,  J. K. ,  Tracer  I so topes  i n  M e t a w ,  Nucleonics, 1:70-7, 

October, 1947. 
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APPENDIX B 

ANALYTICAL PROCEDURES 

This  document was submitted t o  t h e  SAN Off ice  of t h e  USAEC p r i o r  t o  f a b r i -  

c a t i o n  of t h e  s ix  test loops.  It conta ins  a n a l y t i c a l  procedures and o the r  

information p e r t i n e n t  t o  determining t h e  mass t r a n s f e r  of s tee l  exposed t o  

l i q u i d  sodium. 

mental equipment i s  presented f o r  background information. Some des ign  de- 
t a i l s  and the  number of  sample s l o t s  changed dur ing  f a b r i c a t i o n ,  l n s t a l l a -  

t i o n  and s t a r t -up  of t h e  t e s t  equipment. 

as r e fe rence  ma te r i a l  and p r o j e c t  s t a t u s  as of February, 1960. 

A deac r ip t ion  of i n i t i a l  t e s t  condi t ions  and t h e  experi-  

These procedures are presented 
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February 10, 1960 
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. 

ANALYTICAL PROCEDURES TO BE USED TO DETERMINE 

MASS TRANSFER UTES AND SODIUM PURITY 

(Contract  AT(O4-3)-189; PA #15) 

This  memorandum conta ins  a copy of a n a l y t i c a l  procedures and o the r  i n fo r -  

mation p e r t i n e n t  t o  determining t h e  mass t r a n s f e r  and/or cor ros ion  of  se- 

l e c t e d  ma te r i a l s  exposed t o  l i q u i d  sodium and t h e  impur i t i e s  i n  t h e  sodium. 

A b r i e f  d e s c r i p t i o n  and opera t ing  condi t ions  of  t h e  experimental  equipment 

t h a t  w i l l  be used t o  provide t h e  cor ros ion  samples (coupons) and sodium 

samples is presented f o r  background i n f o r m t i o n .  The equipment provided 

by t h i s  c o n t r a c t  c o n s i s t s  of s i x  forced convection t e s t  loops  f a b r i c a t e d  

from va r ious  s t r u c t u r a l  ma te r i a l s ;  one each of type 316 s t a i n l e s s  s teel ,  

24 chromium - 1 molybdenum s t e e l ,  and 5 chromium - h molybdenum - 8 tita- 
nium s t e e l  monometallic loops ,  two b i m e t a l l i c  loops  of  type  316 i n  t h e  hot  

l e g ,  2 a  chromium - 1 molybdenum s t e e l  i n  t h e  cold l e g  and one b i m e t a l l i c  

loop  of type 316 and 5 chromium - 9 molybdenum - 8 t i t an ium s t e e l .  

The t e s t  loops  have sample holders  i n  t h e  hot  leg at  t h e  T-, T--100 F 
and Tmax-200 F l o c a t i o n s  p lus  a s p e c i a l  holder  a t  T- t h a t  can be biolog- 

i c a l l y  sh ie lded  f o r  tests t h a t  r e q u i r e  a r ad ioac t ive  souroe sample8 and 

t h r e e  ho lde r s  i n  t h e  cold l e g  a t  Tmax-lOO F, Tmx-200 F and a t  Tmin loca- 

t i o n s .  Each sample holder  has a 2-inch Conoseal f l a n g e  f o r  aocess  t o  t h e  

removable samples and a concent r ic  10-inch f l ange  f o r  a t tachment  of a port- 

a b l e  i n e r t  gas  ( d r y )  box t o  minimihe contamination of t h e  loop  and earnplea 
dur ing  sample removal, a t  about 45;O F. 
sodium i n  t h e  loop. 

tank,  main and s t a r t -up  e l e c t r i c  h/eaters,  air  coolers ,  and system f o r  hea t  

removal from t h e  coo le r s ,  sodium p u r i f i c a t i o n ,  e l e c t r i c a l  d i s t r i b u t i o n ,  in-  

s t rumenta t ion  and con t ro l s .  

I n i t i a l  opera t ion  of t h e  loops  will provide m a t e r i a l  sc reening  tests t o  
determine mass t r a n s f e r  and/or cor ros ion  of  materials under t h e  fo l lowing  

condi t ions :  

bu t  t h e  type 316 s t a i n l e a s  s t e e l  loop  where the  upper temperature w i l l  be 

1300 F, temperature d i f f e r e n t i a l  w i l l  be 500 F and t h e  sodium p u r i t y  w i l l  

An EM pump is used t o  c i r c u l a t e  t h e  

Other l oop  cdnponents inc lude :  a surge tank,  a dump 

I 

I 
* sodlum v e l o c i t y  30 f t y s e c ,  maximum temperature 1200 F f o r  a l l  



be 50 ppm of oxygen (450 F plugging i n d i c a t o r  temperature) .  The condi t ions  
, f o r  t h e  second b i m e t a l l i c  316 - 22 loop  w i l l  vary by changing one of  t hese  

va r i ab le s .  

For i n i t i a l  opera t ion  t h e r e  w i l l  be one sample of t h e  same mater ia l  as t h e  

sample holder  i n  t h e  -100 F and -200 F of maximum temperature l o c a t i o n s  and 

t h r e e  samples i n  t h e  h o t t e s t  and i n  t h e  co ldes t  zones. 

schedule i s  presented i n  t h e  fol lowing t a b l e :  

The sample removal 

TEMP. ,ZONE 
LOCATION 

Tmax 
Tm,-lOO F 

Tm-200 F 

TmU-500 F 

HOT LEG SAMPLES 
( v  = 30 Feet  per  Second) 

1 Month 2 Months 4 Months 

X X X 
X 
X 

- - 
- - 
- - - 

I 

COLD LEG SAMPLES 
( v  = 1 0  Feet  per Second) 

1 Month 2 Months 4 Months 
- - 

- X 
X 

X X X 

- 
- - 

This  schedule inco rpora t e s  minimum dis turbance  t o  t h e  loop  during o p e r a t i o n  

Addi t iona l  low v e l o c i t y  samples may be placed i n  any of t h e  temperature 

zones but  w i l l  only be removed f o r  a n a l y s i s  a f t e r  t h e  t e s t  i s  completed. 

A t  p r e sen t ,  p ressure  drop or h e a t e r  capac i ty  limits the  a d d i t i o n  of more 

high v e l o c i t y  specimens. 

The a n a l y t i c a l  procedures descr ibed i n  subsequent paragraphs are c u r r e n t l y  

planned f o r  use i n  determining t h e  mass t r a n s f e r  and/or cor ros ion  of mate- 

rials exposed t o  sodium and the  sodium pur i ty .  

as a guide i n  conducting t h e  experimental  program. 

progresses  and i n  t h e  i n i t i a l  t e s t  d a t a  become a v a i l a b l e  it i s  l i k e l y  t h a t  

some changes i n  t h e  number and frequency of removing samples and some of 

t h e  a n a l y t i c a l  procedures w i l l  be d e s i r a b l e  f o r  e f f e c t i v e  da ta  compilation. 

These procedures w i l l  serve 

However, a s  t he  program 
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NON-RADIOACTIVE METHODS AND PROCEDURES 

c 

Weight Change Measurements 

It i s  assumed t h a t  t h e  p r i n c i p a l  d a t a  f o r  eva lua t ing  mass t r a n s f e r  w i l l  be 

suppl ied by weight measurements of removable specimens withdrawn from the  

t e s t  loops  a t  pe r iod ic  i n t e r v a l s .  A l l  samples w i l l  be weighed t o  *O. l  mg 

before  and a f te r  t e s t  t o  determine t h e  change i n  weight. 

From e x t r a p o l a t i o n  and i n t e r p o l a t i o n  of  hot l e g  cor ros ion  data found i n  t h e  
l i t e ra ture ,  and shown on Figure B-1, a cor ros ion  r a t e  of 10 mg/dm 2 -mo was 

se l ec t ed  as  a reasonable  value f o r  use a s  a re ference  design condi t ion  i n  

s i z i n g  t h e  samples and e s t a b l i s h i n g  time i n t e r v a l s  f o r  i n i t i a l  t e s t  runs.  

On t h e  basis of t h e  above condi t ions  and a minimum tes t  i n t e r v a l  of one 

month, t h e  se l ec t ed  sample s i z e  (1/16-inch x 7/32-inch x 3-inch) w i l l  pro- 

v ide  a s e n s i t i v i t y  of l e s s  than  10 mg/dm -mo which i s  equiva len t  t o  0.06 

mils/yr of uniform su r face  change. 

2 

Mul t ip le  t a b s  ( t h r e e )  loca ted  a t  t h e  maximum and minimum temperature re- 

g ions  of t h e  loop  w i l l  be withdrawn a t  varying t i m e  i n t e r v a l s  t o  provide 

weight change da t a  as a func t ion  of t i m e .  
temperature  l o c a t i o n s  w i l l  be analyzed a t  t h e  end of t h e  t e s t  f o r  compari- 

son of temperature  e f f e c t s .  

hot  l e g  and d e p o s i t s  i n  t h e  cold l e g ,  a t  t h e  same r a t e ,  t hen  the  weight 

change data f o r  a s i n g l e  t e s t  run as a f u n c t i o n  of t ime may resemble t h e  

curves shown i n  Figure B - 2 .  However, i t  i s  recognized t h a t  the  a c t u a l  da ta  

may be cons iderably  d i f f e r e n t .  If, f o r  example, t h e  mass t r a n s f e r  pro- 

ces s  i s  l imi t ed  by s o l u t i o n  r a t e ,  then t h e  equi l ibr ium concent ra t ion  of 

s o l u t e  ma te r i a l s  i n  t h e  sodium w i l l  correspond t o  s a t u r a t i o n  near  t h e  min- 

imum system temperature.  Under these  condi t ions ,  s i n c e  p r e c i p i t a t i o n  does 

no t  occur u n t i l  t h e  sodium temperature i s  a t  o r  below s a t u r a t i o n ,  deposi- 

S ingle  samples a t  in te rmedia te  

If t h e  s t r u c t u r a l  ma te r i a l  d i s s o l v e s  i n  the  

t i o n  w i l l  occur only i n  t h e  v i c i n i t y  of  t h e  minimum temperature region.  

Thus samples H i ,  H2, H3, C 1  ,and C2 may a l l  l o s e  weight while C3 (and t h e  

main c o o l e r )  may ga in  weight. 
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MetalloEraphic Examination 

Because i t  i s  probably t h e  b e s t  s i n g l e  t o o l  f o r  determining the  na tu re  and 

e x t e n t  of l i q u i d  metal cor ros ion ,  microscopic examination of metallograph- 

i c a l l y  prepared specimens w i l l  be used f o r  a l l  samples. 

p l e s  w i l l  be s tudied  meta l lographica l ly  a f t e r  weight measurements; repre- 

s e n t a t i v e  pipe sec t ions ,  i f  considered necessary f o r  s tudy,  w i l l  be obtained 

by removing p ieces  from t h e  loop  upon completion of t he  t es t  run and exam- 

ined metal lographical ly .  

"Metals Tes t  Methods" w i l l  be used as a re ference  i n  preparing t h e  speci-  

mens. 

s i t i o n  products or change i n  composition w i l l  be chemically analyzed. 

The removable sam- 

The latest  e d i t i o n  o f  ASTM Standards,  Part 3, 

Samples or pipe s e c t i o n s  t h a t  e x h i b i t  s i g n i f i c a n t  build-up of depo- 

Loop and Sample Analysis 
A l l  mate r i a l s  used i n  cons t ruc t ing  t h e  t e s t  loop  and cor ros ion  samples w i l l  

be purchased i n  accordance wi th  app l i cab le  ASTM s p e c i f i c a t i o n s  and c e r t i -  

f i e d  chemical ana lyses  w i l l  be obtained.  I n  add i t ion ,  r ep resen ta t ive  sam- 

p l e s  w i l l  be spo t  checked by chemical and/or spec t rographic  ana lyses  using 

t h e  l a t e s t  e d i t i o n  of t h e  ASTM IIMethods of Chemical Analysis of Metals" and 

t h e  ASTM ItMethods of Emission Spectrochemical Analysis ' t .  

Sodium Analysis 
Oxide conten t  of t h e  sodium w i l l  be determined wi th  an in-loop plugging 

i n d i c a t o r .  

d i c a t i n g  the  temperature a t  which a sudden flow decrease through t h e  in s t ru -  

ment occurs  due t o  depos i t i on  o f  t h e  oxide a t  a flow r e s t r i c t i n g  o r i f i c e .  

Addi t iona l  information on t h e  use of  t h i s  device  as a method f o r  oxide 

measurements i s  descr ibed i n  t h e  Liquid k t a l s  Handbook Sodium NaK Supple- 

ment ( T I D  5277). This  method of oxide d e t e c t i o n  i s  known t o  provide r e l i -  

a b l e  and reproducible  r e s u l t s  f o r  t h e  range of sodium impur i t i e s  a n t i c i -  

pated f o r  t h e s e  tests. The methods of a n a l y s i s  for Ca, Co, Cr, Fe, K ,  L i ,  
Mn, Mo, N i ,  S i ,  and T i  i m p u r i t i e s  i n  t h e  sodium w i l l  be i n  accordance with 

the  chemical or spectographic  ana lyses  descr ibed i n  Attachment A .  

This  i n d i c a t o r  d e t e c t s  t h e  oxide s a t u r a t i o n  temperature by in-  
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RADIOACTIVE METHODS AND PROCEDURES 

To assist i n  t h e  eva lua t ion  of cor ros ion  and/or mass t r a n s f e r ,  r ad ioac t ive  
ma te r i a l  t r a n s f e r  ( t r a c e r )  techniques similar t o  those  descr ibed i n  t h e  

Liquid Metals Handbook ( T I D  5277) w i l l  be used f o r  t he  i n i t i a l  run with 

the  type  316 s t a i n l e s s  s t e e l  (monometall ic) loop  and f o r  subsequent runs 

i n  t h e  o t h e r  t e s t  loops  i f  weight change measurements do not provide suf- 

f i c i e n t  information.  

comparing t h e  r a d i o a c t i v i t y  of t h e  source samples with t h e  deposi ted ac t iv -  

i t y  w i l l  be removed from t h e  loops  according t o  the  aforementioned schedule 

and i n  a d d i t i o n  t o  non-radioactive examinations w i l l  be analyzed radiochem- 

i c a l l y  t o  determine the  t r a n s f e r  r a t e  f o r  each de tec t ab le  r ad ioac t ive  spe- 

c i e s .  

The i s o t o p i c  t r a n s p o r t  r a t e s  may be ca l cu la t ed  by 

I r r a d i a t e d  Sample and Control  Specimen 

Each loop  using t h e  r ad ioac t ive  ma te r i a l  t r a n s f e r  technique w i l l  conta in  an 

i r r a d i a t e d  sample ( 6  mils x 7/32-inch x 3-inch) with an i n i t i a l  a c t i v i t y  of 

approximately 0.10 cu r i e s .  Each i r r a d i a t e d  sample w i l l  have a comparison 

c o n t r o l  specimen which w i l l  be a v a i l a b l e  f o r  comparison of p r o p e r t i e s  and 

w i l l  be monitored f o r  a c t i v i t y  decay. 

ated sample w i l l  be weighed, meta l lographica l ly  examined and radiochemi- 

c a l l y  analyzed as descr ibed i n  Attachment B. 

Af te r  cor ros ion  t e s t i n g  t h e  i r r a d i -  

Radiat ion Scanning of  Loop 

The i r r a d i a t e d  sample i n  t h e  loop  w i l l  be b i o l o g i c a l l y  shielded so  t h a t  t he  

r e s t  of t h e  loop  can be p e r i o d i c a l l y  scanned with a po r t ab le  counter  t o  

determine q u a l i t a t i v e l y  t h e  r a t e  and l o c a t i o n  of t r ans fe r r ed  a c t i v i t y .  

Radiochemical Analysis of  Corrosion Samples 

The r ad ioac t ive  d e p o s i t s  on t h e  co r ros ion  samples w i l l  be counted with a 

sodium iod ide  c r y s t a l  whose output  i s  coupled t o  a 256 channel analyzer .  

It i s  poss ib l e  t h a t  some of t h e  ana lyses  can be obtained from t h e  c o l l e c t o r  

samples d i r e c t l y ,  without  chemical s epa ra t ion ,  by count ing t h e  Co60 a t  t h e  
54 2.5 MEV summation peak, Fe59 a t  1.3 MEV ( co r rec t ed  f o r  Go6* c o n t e n t ) ,  Mn 
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a t  0.8 MEV and Cr5l a t  0.32 MEV. 
for t h e  radiochemical a n a l y s i s  of Fe59, Co5" 60, C r 5 1 ,  Mn54' 56 a r e  pre- 

sented i n  Attachment B. S imi la r  procedures w i l l  be used f o r  o ther  spec ies  

t h a t  may be present  and a r e  de tec ted  by t h e  multichannel analyzer  examina- 

t i o n  of t h e  sample. 

If sepa ra t ion  i s  required,  t he  procedures 

Radiochemical Analysis  of Impur i t ies  i n  Sodium 

Concentrat ions of the  ac t iva t ed  spec ies  of Fe, Cr, Co, and Mn w i l l  be de- 

termined i n  sodium samples from loops us ing  t h e  r ad ioac t ive  t r a c e r  tech- 

nique t o  he lp  provide a ma te r i a l  balance f o r  the  ind iv idua l  i so topes  which 

are involved i n  t h e  t r a n s f e r  process .  

a l coho l  and water ,  radiochemical a n a l y s i s  f o r  t h e  r ad ioac t ive  i so topes  w i l l  

be i n  accordance with the  procedures descr ibed i n  Attachment B. 

After r e a c t i n g  t h e  samples with 
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ATTACHMENT A 

ANALYTICAL PROCEDURES FOR NON-RADIOACTIVE 

IMPURITIES I N  SODIUM SAMPLES 

CHEMICAL PROCEDURES 

Calcium 
Chromium 
I r o n  
Lithium 
Nickel 
Potassium 

SPECTROGRAPHIC PROCEDURES 

Calcium 
Cobalt 
I r o n  
Manganese 
Molybdenum 
Nickel 
S i l i c o n  
Titanium 



Abstract 

Calcium i s  t i t r a t e d  t o  a v i s i b l e  end p o i n t  wi th  an  EDTA sa l t  (Disodium 

ethylene-diaminetetraaecate d i h y d r a t e ) .  

make t h e  method a p p l i c a b l e  i n  t h e  presence  of magnesium. 

Ca lce in  i n d i c a t o r  i s  employed t o  

Reagents and Apparatus 

Absolute  Methanol 

Hydroxide-Cyanide s o l u t i o n ,  (1N sodium hydroxide and 0.7h potassium cya- 

n i d e  ) 
C a l c e i n  I n d i c a t o r ,  2% s o l u t i o n ;  keep i n  f o i l  covered c o n t a i n e r ,  G. F r e d r i c k  

Smith Company, Columbus, Ohio 

I ce l and  Spar (des igna ted  f o r  s t a n d a r d i z i n g ) ,  J. T. Baker Chemical Co. 
0.002M Standard EDTA s o l u t i o n  

Microscope i l l u m i n a t o r  

Lamp, G.E., Type l& - 29 (100 watts)  120 V 

Three Kodak Wratten F i l t e r s  #78AA 

Magnetic stirrer 
Micro bure t 

Procedure 

1. 

2. 

3. 

4. 

5 .  

Dissolve  t h e  sample i n  an i n e r t  atmosphere by t h e  a d d i t i o n  of small 

p i e c e s  t o  methanol. 

c a r e f u l l y  t o  evapora t e  t h e  methanol. 

To a sample a l i q u o t ,  add 1 m l  hydroxide-cyanide s o l u t i o n  and 1 drop of 

2% c a l c e i n  i n d i c a t o r  s o l u t i o n .  

P repa re  b lank  i n  same manner, s u b s t i t u t e  de ionized  water  f o r  t h e  sam- 

p le .  (Note 1) 

I l l u m i n a t e  samples wi th  t h e  t r i p l e  f i l t e r e d  microscope i l l u m i n a t o r  -- 
exclude  o t h e r  l i g h t .  The blank appea r s  pink and t h e  sarnple greenish-  

yel low.  

T i t ra te  sample w i t h  s t anda rd  EDTA (Note 2 )  whi le  s t i r r i n g  cont inuous ly .  

(Note 3 )  

Add a n  equa l  volume of de ionized  water  and h e a t  

Cool. 
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6 .  The end poin t  i s  reached when t h e  l a s t  t r a c e  of yellow i s  gone and t h e  

sample matches t h e  blank i n  co lor .  

Notes 

1. 

2.  

3. 

4. 

A given blank should not be used with samples prepared apprec iab ly  

l a t e r  because the  co lo r  d e t e r i o r a t e s  wi th  time. 

A 0.001M so lu t ion  of Iceland Spar i n  hydrochlor ic  ac id  i s  used t o  stand- 

a r d i z e  the  EDTA so lu t ion .  

Due t o  t h e  high pH (>11), the  calcium salts  tend t o  p r e c i p i t a t e .  

prevent  f a l s e  end po in t s ,  vigorous s t i r r i n g  i s  necessary.  

Magnesium does not i n t e r f e r e  i n  a 100 molar excBss. It only i n t e r f e r e s  

when present  i n  l a r g e  enough q u a n t i t i e s  t o  p r e c i p i t a t e  v i s i b l y  with the  

hydroxide-cyanide so lu t ion .  

To 

Reference 

Socolar ,  S. J . ,  and Salach,  J. I. ,  Analy t ica l  Chem. 31, 473 (1959). 
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CH RO M I  U M 

Abs t rac t  

Chromium i s  determined c o l o r i m e t r i c a l l y  with s-Diphenylcarbazide reagent .  

ReaPent s 

Absolute Methanol 

0.1N S i l v e r  Nitrate s o l u t i o n  

1 N  Ammonium P e r s u l f a t e  

6 N  S u l f u r i c  Acid 

1:lO (-1N) Hydrochloric Acid 

1:lOO (-0.1N) Hydrochloric Acid 

0.1% Methyl Orange i n d i c a t o r  

2N Sodium Hydroxide 

s-Diphenylcarbazide s o l u t i o n ,  1 grams of p h t h a l i c  anhydride and 0.25 gm of 

s-Diphenylcarbazide i n  100 ml of 95% e thano l  (s table  1 month). 

Procedure 

1. Dissolve the  sample i n  an i n e r t  atmosphere by t h e  a d d i t i o n  of‘ small 

p i eces  t o  methanol. Add an  equal  volume of deionized water  and hea t  

c a r e f u l l y  t o  evaporate  t h e  methanol. Acid i fy  wi th  n i t r i c  ac id .  

2 .  Take an  a l i q u o t  t o  con ta in  0.005-0.015 m g  of chromium. Add 5 m l  of 0 . 1 N  

s i l v e r  n i t r a t e .  Bo i l  f o r  

30 minutes a n d  while s t i l l  hot  add 20 ml of 1:lil hydrochlor ic  ac id .  F i l t e r  

and wash the s i l v e r  ch lo r ide  on t h e  f i l t e r  wi th  1:lOO hydrochlor ic  acid. 
D i l u t e  t o  about 60 mnl and make approximately n e u t r a l  t o  methyl orange 
wi th  2N N a O H  wi!,hout adding i n d i c a t o r  (approximately pH 4 ) .  
a c i d i t y  of t h e  approximately n e u t r a l  s o l u t i o n  by adding 3.3 n i l  of 6N 
s u l f u r i c  ac id  and t r a n s f e r  t o  a 100 ml volumetl.ic f l a s k .  Add 1 m l  of 

t h e  reagent  and d i l u t e  t o  volume. 

Mix and add 10 m l  of 1N ammonium p e r s u l f a t e .  

3. 
Adjust  t he  

4 .  Determine o p t i c a l  d e n s i t y  a g a i n s t  a reagent  blank a t  51,O mu i n  a 10 cm 

Beckman c e l l  w i th in  5 minutes. Read ppm from a c a l i b r a t i o n  cui’ve ob- 

t a ined  wi th  s tandard s o l u t i o n s .  

Reference 

S n e l l ,  F. D . ,  and S n e l l ,  C .  T . ,  Color in ie t r ic  Methods of  Analysis ,  New York, 

D. Van Nostrand Co., Inc.  (1957). 



- IRON 

Abs t rac t  

I ron  i s  determined co lo r ime t r i ca l ly  with o-phenanthroline reagent .  

Reagents 

Absolute Methanol 

Hydrazine Hydrate, 85% 
o-phenanthroline reagent ,  d i s so lve  0.5 gm i n  5 drops concentrated hydro- 

c h l o r i c  ac id  and 1 ml deionized water.  

sodium a c e t a t e  and 200 m l  g l a c i a l  a c e t i c  ac id .  

solved and d i l u t e  t o  500 ml .  

Add 100 ml water.  Add 200 gm 

Warm,  s t i r  u n t i l  d i s -  

Procedures 

1. Dissolve the  sample i n  an i n e r t  atmosphere by the  add i t ion  of small 

p ieces  t o  methanol. Add an equal  volume of  deionized water and hea t  

c a r e f u l l y  t o  evaporate  the  methanol. Acidify with hydrochlor ic  ac id  

by adding 1 m l  of 1:9 H C 1  excess f o r  each 50 m l  of so lu t ion .  Boi l  5 
minutes t o  d i s so lve  i r o n .  

Take an  a l i q u o t  t o  conta in  0.005 - 0.12 mg of i r o n .  

e s sa ry .  

cen t r a t ed  hydrochlor ic  a c i d ,  2 m l  of o-phenanthroline reagent ,  and 5 
d rops  of hydraz ine  hydra te .  If pH i s  n o t  3 - 5, a d j u s t  with concen- 

t r a t e d  hydrochlor ic  a c i d  o r  concentrated ammonium hydroxide. 

Wait 30 minutes f o r  complete reduct ion of i r o n  and determine o p t i c a l  

d e n s i t y  with a 520 mu f i l t e r  i n  a 4 cm K l e t t  c e l l  o r  a 10 cm Beckman 

c e l l  a t  510 mu. Read a g a i n s t  the  o r i g i n a l  so lu t ion  ins tead  of a rea- 

gent  blank s ince  o the r  co lo r s  from ma te r i a l  may cause i n t e r f e r e n c e  i n  

t r u e  i r o n  reading. 

2. Evaporate i f  nec- 

Add sample a l i q u o t  t o  a 50 m l  f l a s k  conta in ing  2.5 m l  of con- 

3. 

4. Read ppm from c a l i b r a t i o n  curve obtained with standard so lu t ions .  

References 

+ 1. Sandress,  Erneet ,  Color imet r ic  Determination of Traces of Metals, 2nd 
Ed. New York, In t e r sc i ence  Publ i shers ,  (1950). 

2. ASTM Standards,  American Society Tor Tes t ing  m t e r i a l s ,  (1955). 
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LITHIUM 

Abst rac t  

Lithium i s  determined by flame photometry. 

Reaaents and Apparatus 

Standard l i t h i u m  s o l u t i o n s  

Beckman Model DU Flame Spectrophotometer 

Didymium F i l t e r  

Hydrochloric Acid 

Procedure 

1. Dissolve t h e  sample by dropwise a d d i t i o n  o f  deionized water i n  an i n e r t  
atmosphere. Acid i fy  w i t h  hydrochlor ic  a c i d .  

2. Determine t h e  approximate sample composition by reading t r i a l  samples. 

Prepare s tandard l i t h i u m  s o l u t i o n s  conta in ing  anions and ca t ions  t o  as  

c l o s e l y  match t h e  sample composition as poss ib le .  

s t anda rds  must be m a d e  for each sample s i n c e  compositions vary.  

Determine luminos i ty  (% t ransmi t tance  s c a l e )  of t he  sample a g a i n s t  a 

deionized water blank us ing  a Didymium F i l t e r .  Use the  fol lowing s e t -  

t i n g s  : 
Wave Slit Width Length 

Usually a s e t  of 

3 .  

Sen s i t i v  i t y 

670 mu 0.1 - 0.2 mm Two t o  f o u r  t u r n s  from clockwise limit 

4 .  Read ppm l i t h i u m  from a c a l i b r a t i o n  curve prepared from standard solu- 

t i o n s .  

References 

1. Farquhar,  Analysis  of t h e  Alka l i  Metals, American Potash C(c Chemical 

Corporat ion,  Trona, Ca l i fo rn ia ,  (Meeting of the  Ariwrican Chemical Soci- 

e t y ,  September, 1958, Chicago, I l l i n o i s ) ,  

2. F. B u r r i e l  - Marti', J. Kamirez .- Munoz, F1:ime Photonietry A Ivbnunl i>L 
blethods and Appl ica t ions ,  N e w  York, Elsevier.  Publishinf; Compuny (1%7 ). 
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Abst rac t  

Nickel i s  determined c o l o r i m e t r i c a l l y  with dimethylglyoxime reagent .  

Reagents 

Absolute Methanol 

Ammonium C i t r a t e  Solu t ion ,  540 gm per  l i t e r ,  f i l t e r  i f  necessary.  

Dimethylglyoxime, 1.0 gm i n  500 ml of ammonium hydroxide, d i l u t e  t o  one 

l i t e r ,  make f r e s h ,  good f o r  one month. 

Iodine Solu t ion ,  d i s so lve  8 gm of potassium iod ide  and 2.6 gm of iod ine  

i n  a minimum of water and d i l u t e  t o  one l i t e r ,  

Procedure 

1. Dissolve t h e  sample i n  an i n e r t  atmosphere by the  add i t ion  of small 

p i eces  t o  methanol. Add an equal  volume of deionized water and hea t  

c a r e f u l l y  t o  evaporate  t h e  methanol. Acidify wi th  hydrochlor ic  ac id .  

To an a l i q u o t  conta in ing  not  more than 0.3 mg n icke l  i n  a 50 ml volu- 

metr ic  f lask-add  i n  t h e  fol lowing order :  

2 .  

5 ml ammonium c i t r a t e  s o l u t i o n  

5 ml i od ine  s o l u t i o n  

1 0  ml dimethylglyoxime 

3 .  D i l u t e  t o  mark and mix. Determine o p t i c a l  d e n s i t y  a f te r  10  minutes 

a g a i n s t  a reagent  blank a t  540 mu i n  a 10 cm Beckman c e l l .  

Read ppmnicke l  from a c a l i b r a t i o n  curve prepared with s t a n d a r d  solu-  

t i o n s .  
4. 

Reference --- 
- ASTM Methods f o r  Chemical Analysis  of Metals, American Socie ty  f o r  Tes t ing  

Mater ia l s ,  (1956). 

123 



A 

- POTASSIUM 

Abstract  

Potassium i s  determined by flame photometry. 

Reagents and Apparatus 

Standard potassium s o l u t i o n s  

Beckman Model DU flame spectrophotometer 

Didymium F i l t e r  

Hydrochloric Acid 

Procedure 

. 

1. 

2 .  

3 .  

4 .  

5. 

Dissolve t h e  sample by dropwise a d d i t i o n  of deionized water i n  an i n e r t  

atmosphere. Acidify w i t h  hydrochlor ic  a c i d .  

Determine t h e  approximate sample composition by reading t r i a l  samples. 

Prepare s tandard potassium s o l u t i o n s  conta in ing  anions and c a t i o n s  t o  

a s  c l o s e l y  match t h e  sample composition as poss ib le .  

s tandards  must be made fo r  each sample s i n c e  compositions vary. 

Determine luminosi ty  (% t ransmi t tance  s c a l e )  of t h e  sample a g a i n s t  de- 

ionized water  blank using a Didymium f i l t e r .  

Use t h e  fol lowing s e t t i n g s :  

Wave Length S l i t  Width S e n s i t i v i t y  

Usually a s e t  of 

766 mu 0.05 - 0.15 Two t o  f o u r  t u r n s  from clockwise limit 

Read ppm potassium from c a l i b r a t i o n  curve prepared from standard solu- 

t i o n s .  

References 

1. Farquhar, Analysis  of t h e  A l k a l i  Metals, American Potash & Chemical 

Corporat ion,  Trona, C a l i f o r n i a .  

Society,  Chicago, I l l i n o i s ,  September, 1958). 
F B u r r i e l  - Marti', J .  Ramirez - Munoz, Flame Photometry A Manual of 

- Methods and Applicat ions,  N e w  York, E lsev ier  Publ ishing Company, (1957). 

(Meeting of t h e  American Chemical 

2. 
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SPECTROGRAPHIC UETERMINATIO@ 

E' 

- Abst rac t  

Samples a r e  dissolved by the  dropwise a d d i t i o n  of deionized water under an  

i n e r t  atmosphere, neu t r a l i zed  with s u l f u r i c  a c i d ,  evaporated,  and loaded 

i n t o  craters d r i l l e d  i n  g raph i t e  e l ec t rodes .  

burn t h e  samples and e x c i t e  the  impuri ty  spec t ra .  

used, depending upon the  elements sought. 

The e l ec t rodes  a r e  arced t o  

Dif fe ren t  procedures a r e  

Reagents and Apparatus 

1 8 N  S u l f u r i c  Acid 

2N S u l f u r i c  Acid 

Phenolphthalein Ind ica to r  

Jaco,  3.4 meter Ebert  Spectrograph 

Procedure I Cobal t ,  I ron ,  Manganese, Molybdenum, Nickel, Titanium 

1. Dissolve a 1 gm sample of sodium i n  a pyrex cup by the  dropwise a d d i -  

t i o n  of deionized water under an i n e r t  atmosphere. 

Neu t ra l i ze  us ing  1 8 N  s u l f u r i c  ac id  i n i t i a l l y  followed by 2N s u l f u r i c  

ac id  t o  t h e  phenolphthalein end poin t .  

Evaporate t o  dryness then load 50 mg of sample i n t o  g raph i t e  e lec-  

t rodes .  
Arc i n  t h e  Ebert  spectrograph f o r  2 minutes a t  1 5  amps. 

Develop p l a t e  and read on microphotometer i n  2200-3500 A range. 

2. 

3. 

4. 
5 .  

0 

Procedure I1 S i l i c o n  

1. 

2. 

3. 

4. 
5 .  

Dissolve a 1 gm sample of sodium i n  a s t e e l  cup by t h e  dropwise a d d i -  

t i o n  of deionized water under an i n e r t  atmosphere, 

Neut ra l ize  us ing  1 8 N  s u l f u r i c  ac id  i n i t i a l l y  followed by 2N s u l f u r i c  

a c i d  t o  t h e  phenolphthalein end point .  

Evaporate t o  dryness  then load 75 mg of sample i n t o  g raph i t e  e lec-  

t rodes .  

Arc i n  t h e  Ebert  spectrograph f o r  2 minutes a t  1 5  amps. 

Develop p l a t e  and read on microphotometer i n  2200-3500 A range, 
0 
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Procedure I11 Calcium 

1. Dissolve a 1 gm sample of sodium i n  a s t e e l  cup by t h e  dropwise a d d i -  

t i o n  of deionized water under an i n e r t  atmosphere. 

Neu t ra l i ze  us ing  1 8 N  s u l f u r i c  a c i d  i n i t i a l l y  followed by 2N s u l f u r i c  

a c i d  t o  t h e  phenolphthalein end poin t .  

Evaporate t o  dryness then  load  1 0  mg of sample i n t o  g raph i t e  e lec-  

t rodes .  

Arc f o r  2 minutes a t  5 amps i n  t h e  Eber t  spectrograph wi th  f i l t e r s .  

Develop p l a t e  and read on microphotometer i n  t h e  4200-6700 A range. 

2. 

3 .  

4. 
5 .  

0 
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ATTACHMENT B 

ANALYTICAL PROCEDURES FOR ACTIVATED IMPURITIES 

Chromium - 51 
Manganese - 54 and 56 
I ron  - 59 
Cobalt - 58 and 60 
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- CHROMIUM - 5 1  

P r i n c i p l e  of Method 

Chromium i s  oxidized t o  chromate, scavenged with Fe(OH)3 t o  remove impuri- 
t i e s  then p r e c i p i t a t e d  as BaCrO4.  

Reference 

UCRL-432 
LA- 17 2 1 

Reagents and Apparatus 

Chromium c a r r i e r  (10  mg C r ( I I I ) / m l )  
Barium N i t r a t e  ( s a t u r a t e d  - 10%) 
KBr03 s o l i d  
1M Ammonium a c e t a t e  7.7 gm/100 ml 

I ron  c a r r i e r  (10 mg Fe/ml) 
KOH d i l u t e  

Phe no1 pht ha1 e i n  
Whatman F i l t e r  paper #540 w . 4  cm,diameter 

Procedure 

1. 

2. 

3. 

4.  

5. 

To 200 ml of aqueous sample add  2 m l  chromium and i r o n  c a r r i e r s .  
KOH t o  phenolphthalein end po in t  and hea t  t o  coagulate  t h e  p r e c i p i t a t e .  
Allow t o  s e t t l e  b r i e f l y  and decant  most of t h e  superna tan t  l i q u i d  t o  
waste.  Centr i fuge i n  a 50 m l  cen t r i fuge  cone and d iscard  supernate .  

Dissolve i n  4 - 6 drops of concentrated H C 1 .  
0.1 gm KBr03 c r y s t a l s .  
minutes t o  oxid ize  chromium t o  chromate. 
end po in t  and cen t r i fuge .  

Add 3 - 4 m l  sa tu ra t ed  Ba(N03)2 and 3 - 4 ml. 114 ammonium a c e t a t e .  
t r i f u g e  out  t he  BaCrO4. 

Dissolve BaCrO4 i n  6 drops H C 1  10  m l  water ,  d i l u t e  t o  30 ail and repre- 
c i p i t a t e  w i th  5 m l  ammonium a c e t a t e  and 5 ml  Ba(N03)~.  

F i l t e r ,  mount and count gamma. 

Add 

Add 1 5  ml H20 and about  
Place i n  beaker of b o i l i n g  water f o r  5 - 10 

Add KOH t o  phenolphthalein 
Discard p r e c i p i t a t e .  

Cen- 

Note 

Chemical y i e l d s  a r e  good and co r rec t ion  f o r  l o s s  i n  p u r i f i c a t i o n  i s  not  
normally requi red .  

- 
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MANGANESE - 54 and 5t! 

P r i n c i p l e  of Method 

Manganese i s  p r e c i p i t a t e d  as bin02 from n i t r i c :  ac id  so lu t ion .  

Ref e r e  nce 

UCRL-432. 

Reagents and Apparatus 

Manganese c a r r i e r  3.0 g/100 nil MnSO4.H2O ( 

NaOH 10% 

N i t r i c  ac id  1 : l O  

Kbr03 

H20* 30% 

Procedure 

1. 

2. 

3. 
4. 
5 .  

6. 

7 .  

8 .  

To 200 nil of aqueous sample add 2 ml manganese c a r r i e r .  

Add 5 ml of 10% NaOH t o  t h e  cold s o l u t i o n  then  hea t  t o  b o i l i n g  t o  coag- 

u l a t e  t h e  p r e c i p i t a t e .  Allow t o  s e t t l e  t w i e f l y  and decant  most of t he  

c l e a r  superna tan t  l i q u i d  t o  waste. Transfer  s l u r r y  t o  a 50 ml c e n t r i -  

fuge tube.  

Cent r i fuge  and d i sca rd  supernatant  l i q u i d .  

Dissolve i n  1 0  ml of (1:lO) n i t r i c  a c i d ,  

Add a small scoop (0.1 gm) of Kbr03 and p lace  i n  b o i l i n g  water f o r  5 - 
1 0  minutes. 

Dissolve p r e c i p i t a t e  i n  10  ml 1:lO n i t r i c , a c i d  conta in ing  a drop of 30% 
H202 (avoid l a r g e  excess  of H202). 

Add 2 small scoops (0.2 gm) of Kbr0-j s u f f i c i e n t  t o  des t roy  excess  of 

H20Z and enough a d d i t i o n a l  t o  p r e c i p i t a t e  1h02 again.  

water 5 - 10 minutes. 

F i l t e r ,  mount, and count.  

Cent r i fuge  and d i sca rd  superna tan t  l i q u i d .  

Place i n  b o i l i n g  

1 

Note 

Chemical y i e l d s  a r e  good and co r rec t ion  f o r  l o s s  i n  p u r i f i c a t i o n  i s  not 

normally r equ i r ed ,  

- 
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A. 

I R O N  - 59 

P r i n c i d e  of Method 

I ron  i s  ex t rac ted  i n  i sopropyl  e t h e r  from 9M H C 1 .  

as Fe(OH)3. 

References 

The i r o n  i s  then mounted 

UCRL-432 

LA- 17 2 1 

ReaPents and Apparatus 

I ron  c a r r i e r  4.8 gm/lOO m l  FeC13.6 H20 (10 mg Fe/ml) 

Cobalt c a r r i e r  1 0  mg Co/ml 

Ammonium hydroxide 

HC1 - 9M (3:l) 
I sopropyl  e t h e r  

Whatman #540 f i l t e r  paper 2.4 cm diameter 

P r  oc ed u r  e 

1. To 200 ml of aqueous sample add  200 of i r o n  c a r r i e r ,  5 drops Co ca r r i e r ,  

an  excess  of ammonium hydroxide and hea t  t o  coagulate  t h e  p r e c i p i t a t e .  

F i l t e r  i n  a g r a v i t y  funnel  on #4O Whatman paper,  

Dissolve t h e  p r e c i p i t a t e  from t h e  f i l t e r  with 15  m l  of 9M H C 1  c o l l e c t -  

i n g  s o l u t i o n  i n  a sepa ra to ry  funnel .  

E x t r a c t  i r o n  with f o u r  1 0  m l  por t ions  of i sopropyl  e the r .  

e t h e r  l a y e r s  i n  a 250 m l  beaker,  add  water ,  b o i l  t o  a low volume, add  

1 m l  3% H202 and 1 m l  concentrated H2SO4 and fume u n t i l  organic  mat ter  

i s  destroyed.  

Take up i n  a small amount of H C 1  (4 drops concent ra ted) ,  d i l u t e  with 

1 0  ml water and w a r m .  

a d d  5 ml concentrated NH40H. 

so lu t ion .  

6. F i l t e r ,  mount, and count gamma. 

2. 

3. 

4. Combine the  

5. 
Remove from hea t ,  add 5 drops coba l t  c a r r i e r  and 

The l a r g e  excess  of NHCOH keeps coba l t  i n  

Allow p r e c i p i t a t e  t o  s e t t l e  b r i e f l y .  

Note 

Chemical y i e l d s  a r e  good and co r rec t ion  f o r  l o s s  i n  p u r i f i c a t i o n  i s  not 
- 

n 
normally requi red .  
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COBALT - 58 and 6Q 

P r i n c i p l e  of Method 

Cobalt  i s  p r e c i p i t a t e d  as Potassium C o b a l t i n i t r i t e .  

Reference 

UCRL-432 

LA-1721 

ReaPents and Apparatus 

Potassium N i t r i t e  (80 gm/lOO ml, 8 ml g l a c i a l  a c e t i c  a c i d )  

G l a c i a l  a?+,dc ac id  

Cobalt  c a r r i e r  (4.0 g.d l00  m l  CoCl2.6H20) (10 mg Co/ml) 

KOH d i l u t e  

Phenolphthalein i n d i c a t o r  

Whatman f i l t e r  paper #540 2.4 cm diameter 

Procedure 

1. To 200 m l  of aqueous sample add 1.0 ml Co c a r r i e r  a drop of phenol- 

ph tha le in  i n d i c a t o r .  

b a l t  hydroxide. 

superna tan t  l i q u i d .  

d i sca rd  superna tan t  l i q u i d .  Dissolve i n  H C 1 ,  d i l u t e  and r e p r e c i p i t a t e .  
Dissolve p r e c i p i t a t e  i n  1 ml g l a c i a l  a c e t i c  ac id  and 1 5  ml water.  

1 5  m l  potassium n i t ra te .  

Warm and a d d  KOH t o  end poin t  t o  p r e c i p i t a t e  co- 

Allow t o  s e t t l e  b r i e f l y  and decant o f f  most of c l e a r  

Centr i fuge remainder iin a 50 ml cen t r i fuge  cone, 

2. Add 

Allow 3 minutes f o r  complete p r e c i p i t a t i o n .  

Cent r i fuge ,  d i sca rd  supernate .  

S l u r r y  up i n  30 m l  water and f i l t e r ,  mount and count f o r  be t a  o r  gamma. 3. 

Note 

Chemical y i e l d s  are good and c o r r e c t i o n  for l o s s  i n  p u r i f i c a t i o n  i s  not  

normally requi red .  

F 
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APPENDIX C - STEEL ACTIVATION 

P r i o r  t o  the  use of t h e  r ad ioac t ive  t r a c e r  technique i n  t e s t  opera t ion ,  

samples r ep resen ta t ive  of t h e  ma te r i a l s  under i n v e s t i g a t i o n  were i r rad i -  

a ted  and analyzed f o r  long l i n e d  gamma emi t t e r s .  

out  t h e  radiochemical procedures f o r  a p p l i c a t i o n  t o  t h e  mass t r a n s f e r  loops 

t h i s  work was used t o  determine i f  t h e r e  were any tramp impur i t i e s  i n  the  

s t e e l s  t h a t  would i n t e r f e r e  wi th  t h i s  program. 

I n  add i t ion  t o  checking 

The first portion of this Appendix "Activation and Radiochemical Analysis 

of Type 316 S t a i n l e s s  S t e e l  and 2Sr-lMo Alloy S t e e l  Samples", desc r ibes  

i n  d e t a i l  t he  procedures and r e s u l t s  of t he  i n v e s t i g a t i o n .  Based upon an 
2 assumed t r a n s f e r  r a t e  of 10 mg/dm -mo used i n  design the  r e s u l t s  ind ica ted  

t h a t  t h e  techniques would provide s a t i s f a c t o r y  r e s u l t s .  

The second por t ion  of t h e  Appendix, "Act iva t ion  and Radiochemical Analysis 

of SCr-+Mo-@i Alloy S t e e l  Specimens", provides  supplemental information 

f o r  us ing  t h e  5 C r  a l l o y  s t e e l  as an ac t iva t ed  sample, 
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_I_.- RADIOCHEMICAL A C T I V A T I O N  AND ANALYSIS OF TYF'E-316 STAINLESS STEEL 

AND 2&r-lMo ALLOY STEEL SAkIPLES 

Apr i l  30, 1960 

Prepared by T .  J .  Slosek 

- Summary 

Capsule MT-1 which contained f o u r  metal s t r ips ,  two each of 316 s t a i n l e s s  

s t e e l  and 2&r-lMo a l l o y ,  was disassembled i n  t h e  Radioactive Mater ia l s  

Laboratory.  

performed. 

be s u i t a b l e  f o r  a p p l i c a t i o n  t o  t r a c e r  a n a l y s i s  techniques.  

a r e  chromium 51, manganese 54, i r o n  59, and cobal-t 6fl -  

The metal  s t r i p s  were weighed and radiochemical ana lyses  were 

Both metals were found t o  conta in  four  i so topes  which should 

These i so topes  

I r r a d i a t i o n  

Capsule MT-1  was i r r a d i a t e d  f o r  772.8 MWD dur ing  GETR cycle  10. 

d i a t i o n  per iod extended from February 2 ,  1960 t o  ?.larch 7 ,  1960. 

sule was loca ted  i n  GETR pos i t i on  X l  with  the  bottom of t h e  capsule  1*- 

inches  above t h e  bottom of t h e  a c t i v e  por t ion  of' t he  r e a c t o r  core.  

average per turbed thermal flux i n  t h i s  l o c a t i o n  WE.S est imated t o  be 1.2 x 

10'' nv f o r  30 W ( t )  r e a c t o r  opera t ion .  

--- 
The i r r a -  

The cap- 

The 

The i r r a d i a t e d  capsule  contained four  metal samples. Two of t h e s e  samples 

were type 316 s t a i n l e s s  s t e e l  and t h e  o t h e r  two were a 2$.2-1Mo s t e e l  a l loy .  

A l l  samples were 3/16-inch w i d e  by 3-inches long  by approximately 5-mils 

th ick .  After i r r a d i a t i o n  t h e  capsule  was t r a n s f e r r e d  t o  the  Radioact ive 

Materials Laboratory where i t  was disassembled. The metal f o i l s  were re-  

moved, weighed, d i sso lved ,  and radiochemical ana lyses  were performed, 

Emission Spectrometer A n a l y E  

S t r i p s  of bo th  types  of metal ,  which were taken from the  same batch  of ma- 

t e r i a l  as those  which were i r r a d i a t e d ,  were analyzed on an  emission spec- 

t rometer .  The makeup of t h e  metals as  determined from these  ana lyses  i s  

t abu la t ed  i n  Table C-1. 
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TABLE C - l  

EMISSION SPECTROMETER ANALYSIS RESULTS 

I ron  

Chromium 

Nickel 

Molybdenum 

Manganese 

S i l i c o n  

Copper 

Cobalt  

316 SS 

63.8 
18.5 
12.0 

2.5 

2.5 

1 . 5  
0.22 

0.03 - 0.04 

2s r- 1 Mo 

95.8 
2.3 
0.1  

0.82 

0.45 

0- 

0.45 
0.12 
n i l  

Radiocherdcal Analyses 

The four metal  s t r i p e  were dissolved i n  aqua r e g i a  and a l i q u o t 8  of t h e  re- 
s u l t a n t  s o l u t i o n s  were analyzed on a 256 channel gamma spectrometer ,  

a l l  samples d i s t i n c t  a c t i v i t y  peaks were observed f o r  t h e  fol lowing i so-  

topes:  

and i r o n  59 and/or coba l t  60 (1.1 and 1.3 MEV). 

t a t i v e  d a t a  the  above elements were chemically separated using an ion  ex- 

change process.  

c a l l y  separa ted  elements. 

were de t ec t ed  are given i n  Table C-2. 

For 

chromium 51  (0.32 MEV), manganese 54 and/or coba l t  58 (0.84 MEV), 
In  order  t o  obta in  quant i -  

Gamma spectrometer  ana lyses  were repeated on t h e  chxni- 

P e r t i n e n t  data f o r  each of t he  i so topes  which 

S u f f i c i e n t  q u a n t i t i e s  of chromium 51, manganese 54, i r o n  59, and cobal t  60 
were present  i n  both metals  t o  permit t h e  use of these  i so topes  i n  radio- 
a c t i v e  t r a c e r  s t u d i e s  i n  t h e  sodium mass t r a n s f e r  loops.  

coba l t  58 was marginal. 

coba l t  60 i so tope  w i l l  s u f f i c e .  

a r e  given i n  Table C - 3 ,  

r ec t ed  f o r  i n -p i l e  and out-of-pile decay, 

The amount of 

Its u t i l i z a t i o n  i s  no t  important however s ince  the 

The r e s u l t s  of t h e  radiochemical analyses  

A l l  values  l i s t e d  i n  t h i s  t a b l e  have been cor- 
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TABLE C-3  

RADIOCHEMICAL ANALYSIS RESULTS 

Chromium 51  

Manganese 54 

I ron  59 

Cobalt 60 

atoms/gram 

mc/gran; 

atoms/gram 

mc/gram 

a t  oms/gram 

mc/gram 

atoms/gram 

mc/gram 

(See Table C-6 f o r  the 5Cr Results)  

316 si 
SamDle (A) 
0.5226 g 

17 2.34 x 1 0  

1882 

14 3.78 x 1 0  

0.272 

4.59 
22.2 

16 7.89 x 10 

9.06 

.inless 

Sample (B)  

0.5308 g 

17 
2.35 x 10 

1885 

u 3.76 x 10 

0.271 

4.72 10~5 
22.8 

16 7.75 x 10 

8.89 

Sample ( A )  

0.5103 g 

16 3.01 x 10 

243 

u. 5.21 x 10 

0.376 

1 5  7.45 x 10 

35.9 

5.89 1 0 ~ 5  

0.666 

Sample (B)  

0.5194 g 

16 2.95 x 10 

237 

5.21 lo1& 
0.376 

7 . u  1 0 ~ 5  
34.4 

6.04 
0.683 
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Discussion of  Results 
The results reported i n  Table C-3 i n d i c a t e  t h a t  a n a l y t i c a l  r e p r o d u c i b i l i t y  

between p a i r s  of each type of metal  i s  f3% or b e t t e r .  

of each i so tope  were converted t o  disintegrat: i .ons per  minute per  gram of 

mater ia l .  

were prepared. These curves are given i n  F igures  C - 1  and C-2. These 

curves serve t o  g ive  a b e t t e r  i n d i c a t i o n  of what m y  be a n t i c i p a t e d  during 

the  course of t h e  conduct of sodium mass t r a n s f e r  loop experiments. 

Ml l i cu r i e s /g ram 

Curves of d i s i n t e g r a t i o n  r a t e s  as a 17unction of cool ing time 

I n  order  t o  eva lua te  t h e  mass t r a n s f e r  r a t e s  required t o  give accura te  ra- 

diochemical a n a l y s i s  data,  t h e  curves of Figu:res C - 1  and C-2 were used to-  

ge the r  wi th  the  fo l lowing  assumptions. 

1. Tes t  samples w i l l  conta in  approximately 0.5 grams of metal and w i l l  
have dimensions of 3/16-inch x 3-inches x 0.006-inch. 

Tes t  samples w i l l  r e ce ive  the  same exposu:re as those which were in -  

cluded i n  capsule  MT-1. 
2. 

4 I t  i s  est imated t h a t  approximately 10 

i so tope  a r e  required i n  order  t o  ob ta in  quant iLs t ive  results which a r e  ac- 

c u r a t e  t o  *5%. For t h e  case  of chromium 51, t h i s  value i s  approximately 
4 5 x 10 s i n c e  only about 20% of the  d i s in t eg r ' a t i ons  r e s u l t  i n  a 0.32 MEV 

gamma. Using t h e  above va lues  as guides,  t he  f r a c t i o n  of i n i t i a l  radio-  

a c t i v e  sample material requi red  t o  achieve  *5% hccuracy w a s  ca lcu la ted .  

For example, from Figure C-2 the  dose r a t e  from the  coba l t  60 w i l l  be ap- 

proximately 2 x l o l o  d/m per  gram of metal o r  approximately 1 x 10 

per  sample. A s  was s t a t e d  above, approximately lo4 d/m a r e  required t o  

achieve *5% r e l i a b i l i t y  i n  the  a n a l y t i c a l  r e s u l t s .  This  means t h a t  any 

one hot  or cold l e g  "pickup" sample w i l l  have t o  conta in  10 / l o l o  o r  loe6 
of t h e  o r i g i n a l  i r r a d i a t e d  sample i n  order  t o  permit t h e  d e t e c t i o n  of 

coba l t  60 wi th  a *5% r e l i a b i l i t y .  

d i s in tegra t ions /minute  of a given 

10 
d/m 

4 

The same a n a l y s i s  was appl ied  t o  the  o ther  i so topes .  For purposes of c a l -  

c u l a t i o n ,  it was assumed t h a t  t h e  loop  opera t ion  would cover approximately 

t h r e e  months. The r e s u l t s  a r e  tabula ted  i n  Table C-4. 
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FIGURE C-1 ISOTOPIC ACTIVATION IN 316 STAINLESS STEEL 

( AFTER GETR IRRADIATION FOR 772.8 MWD IN 1.2 x 1014." THERMAL FLUX ) 
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FIGURE C-2 ISOTOPIC ACTtVATICjN IN 2% Cr 1 Mo ALLOY 

( AFTER GETR IRRADIATION FOR 772.a MWD IN 1.2 x 1014,~ THERMAL FLUX ) 
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TABLE C-4 
RADIOACTIVE ISOTOPE ACCUMULATION MQUIREMENTS 

Frac t ion  of I r r a d i a t e d  Sample which i s  
Required t o  Permit Analysis t o  *5% 

ISOTOPE 316SS 2 4 ~ r - 1 ~ 0  

Chromium - 5 1  10-6 10-5 
Manganese - 54 5 10-5 5 10-5 

c o b a l t  - 60 10-5 
I r o n  - 59 5 x 2 x 

Supplemen t a w  Analsse s 
It is i n t e r e s t i n g  t o  apply  some checks t o  t h e  r e s u l t s  obtained,  

s tance ,  t h e  metal f o i l s  were a l l  loca ted  i n  approximately the same flux and 

t h e r e f o r e  the  a c t i v a t i o n  of i nd iv idua l  e l e m n t s  should be propor t iona l  t o  
the  amount of t hese  elements  which were p resen t  i n  t he  two types  of s t e e l  

t e s t e d .  Table C-5 i n d i c a t e s  t h a t  such a c o r r e l a t i o n  was i n  f a c t  obtained. 

For in- 

TABLE C-5 

COMPARISON OF ACTIVATION BETWEEN THE T@ METALS 

Mi l l i cu r i e s /  Rat io  
Me t a l  Element 3- Gram of Metal mc/4% 

316SS I ron  63.8 22.5 0.353 

2 s  r-1 Mo I r o n  95.8 35.1 0.366 

316SS Chromium 18.5 1883 102 

2* r-1 Mo Chromium 2 .3  240 1 04 

The c o r r e l a t i o n  shown above i n d i c a t e s  t h a t  (1) the  f r a c t i o n  of each element 

p re sen t  as determined by emission spectrometer  a n a l y s i s  does not  vary from 

one sample t o  the  next  and ( 2 )  the  radiochemical ana lyses ,  a t  l e a s t  f o r  t h e  

elements l i s t e d  i n  Table C-5 a r e  accu ra t e  t o  *3%. 
be appl ied  t o  t h e  repor ted  thermal f l u x  l e v e l  (1 .2  x 1014 nv) i n  t h e  r e a c t o r  

p o s i t i o n  occupied by capsule  MT-1. 

A rough check can a l s o  

Using i r o n  58 as a f l u x  monitor and ne- 

g l e c t i n g  any c o r r e c t i o n s  t o  t h e  reported thermal neutron c ross  sec t ion  due 

t o  resonance peaks, r e a c t o r  moderator temperatures ,  e t c . ,  t he  fol lowing re -  
s u l t s  a r e  obtained:  



Fe58 (Jc = 0.9 x cm? Fe59 decay ~ Co 59 
0.31%- capture  45 days 
( 1 )  

where: NY 
N2t  = atoms of i r o n  59 formed dur ing  i r r a d i a t i o n  

= atoms of i r o n  58 present  i n  t h e  f o i l  p r i o r  t o  i r r a d i a t i o n  

= t h e r m 1  neutron cap t ive  c r o s s  s e c t i o n  of i r o n  58 
C 

@ = thermal neutron flux 
t = i r r a d i a t i o n  time = 2.22 x 1 0  6 seconds ( equ iva len t  f u l l  power 

ope ra t ion  ) 

If uc@t -1; 1 - e -Tot  - u p  

t 

7 
N2 = %ot and 

N1 

t N, 

Using sample 316SS ( A )  as an  example, we ge t  from Table C - 4 :  

= 2.40 x 1015 atoms N2 

- (0.5226) (6 .0  x 10 23) (0.0031) (0.6381 

= 1.075 x 1019 atoms 

- 
(58)  

The above va lue  i s  i n  good agreement with t h e  pred ic ted  f l u x  of 1 .2  x 1014nv. 63 



ACTIVATION AND RADIOCHEMICAL ANALYSIS OF SCr-&Mo-&i 

ALLOY STEEL SAMPLES 

October 14, 1960 

Prepared By 

P. W. Mathay 

Capsule m-2 was i r r a d i a t e d  f o r  772.8 MWD dur ing  Cycle 14 a t  t h e  GETReactor. 

The exposure cyc le  covered t h e  period from June 22, 1960 t o  J u l y  22, 1960. 
The capsule  was loca ted  i n  t h e  space X7 of t h e  southeas t  f a c i l i t y  j u s t  out- 

s i d e  t h e  r e a c t o r  core .  

base of t h e  a c t i v e  core.  

was est imated a t  1.4 x 1014 nv f o r  t he  30 megawatt r e a c t o r  opera t ion .  

The bottom of the  capsule  was 15 inches  above the  

The average per turbed thermal f l u x  i n  the  X7 hole  

The capsule  contained f o u r  metal s t r i p s ,  two of 316 s t a i n l e s s  s t e e l  and two 

of SCr-*Mo-&’i a l l o y .  

wide by about 0.006-inch t h i c k .  

removed t h e  samples. 

chemistry ana lys i s .  The s t a i n l e s s  s t r i p s  were weighed and s to red  i n  a 

sh ie lded  conta iner .  One s t a i n l e s s  sample, MC-2A, w i l l  be i n s e r t e d  i n  Sodium 

Loop No. 1 a t  San Jose. The o t h e r  s t a i n l e s s  s t e e l  sample, MT-2B, w i l l  be 

analyzed radiochemical ly  a t  t h e  time W-2A is analyzed fol lowing removal 

from t h e  t e s t  loop. 

The samples were 3.00-inches long by 0.1875-inches 

RML Operations received,  disassembled and 

Radiochemistry weighed the  samples and performed t h e  

The two low a l l o y  strips were weighed and analyzed by radiochemical methods. 

These samples contained s u f f i c i e n t  amounts of fou r  a c t i v e  i so topes  t o  make 

them app l i cab le  f o r  t r a c e r  techniques.  

Chromium 51, Manganese 54, I ron  59, and Cobalt  60 i so topes  are common t o  

t h e  316 s t a i n l e s s  s t e e l ,  t he  2&r a l l o y  and t h e  5Cr a l l o y .  

g ives  t h e  radiochemistry results on t h e  two SCr-+Mo-&’i samples. 

showing d i s i n t e g r a t i o n  r a t e  as  a func t ion  of cool ing  time a r e  given i n  

Figure C-3. 

Table C-6 
Curves 



t 

Chromium 51 

Manganese 54 

Iron 59 

Cobalt 60 

TABLE C-6 .-- 

(See Table C-3 f o r  316SS and 2$r R e s u l t s )  

atoms/grarn 

mc/gram 

a toms/gram 
mc/gram 

a t  om/gram 

mc/gram 

atoms/gram 
mc/gram ' 

5cr-i 
S a m p l e  ( A 1  

0.4554 g 

15 4.98 i r  10 
0,563 

- Sample ( B l  

0.4627 g 

16 6.69 x 10 

536 

1.18 1 0 ~ 5  
0.851 

15 5.48 x 10 

26.4 

16 2.89 x 10  
0.326 
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APPENDIX D 

STEEL SAMPLE REMOVAL UNDER OPERATING CONDITIONS 

This  document desc r ibes  the  s tudy t h a t  was m d e  t o  determine t h e  f e a s i -  

b i l i t y  of developing a sample handling mechanism which could be used t o  

remove o r  i n s e r t  a s t e e l  cor ros ion  sample under opera t ing  condi t ions  

(1300 F - 10 p s i g  sodium) of t h e  mass t r a n s f e r  loops.  

A s  a r e s u l t  of t h i s  r e p o r t  and the  l a c k  of evidence i n  t h e  l i t e r a t u r e  

i n d i c a t i n g  t h a t  d ra in ing  and cool ing  down a t e s t  loop  f o r  sample removal 

i s  de t r imen ta l  t o  t h e  cor ros ion  d a t a ,  it was recommended t h a t  a t  t h i s  

t ime no f u r t h e r  work should be devoted t o  developing such a device.  

appendix, however, does i n d i c a t e  seve ra l  poss ib le  methods of developing 

such a mechanism. 

This 

Included i n  t h i s  appendix a r e :  

D 1  Purpose 

D2 Summary and Conclusions 

D3 Recommendations 

D4  Discussion 

D 5  Cost 
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STEEL SAMPLE REMOVAL UNDER OPERA'L'II\JG CONDITIONS 

D 1  PURPOSE 

This  r e p o r t  i s  the  r e s u l t  of a s tudy t o  a s c e r t a i n  the  f e a s i b i l i t y  of devel-  

oping a sample handling mechanism which i s  t o  be used during ope ra t ion ,o f  a 

high temperature sodium mass t r a n s f e r  loop. This  mechanism has as i t s  Mc-  
t i o n  the  removal of a sample coupon from t h e  sodium loop  while t h e  loop i s  

ope ra t ing  thus  e l imina t ing  t h e  need of s h u t t i n g  down t h e  loop  each t i m e  a 
sample i s  removed. 

D2 SUMMARY AND CONCLUSIONS 

It has been the  i n t e n t  of t h i s  r e p o r t  t o  i n v e s t i g a t e  and desc r ibe  a method 

o r  methods of removing sample coupons from a n  opera t ing  sodium system with- 

out s h u t t i n g  down t h e  system i n  order  t o  determine t h e i r  f e a s i b i l i t y .  It 
i s  f e l t  t h a t  t h e  var ious  schemes as presented i n  t h i s  r e p o r t  conceptua l ly  

i n d i c a t e  t h a t  removing samples from an opera t ing  sodium system i s  f e a s i b l e ,  

bu t  t h a t  f u r t h e r  i n v e s t i g a t i o n  i s  requi red .  

The p resen ta t ion  of t h e  var ious  devices  has been descr ibed i n  such a manner 

as t o  show concepts r a t h e r  t han  d e t a i l e d  design. 

ever ,  t h a t  d e t a i l s  were neglected i n  cons ider ing  t h e  major advantages or 
disadvantages of t h e  schemes. Major cons idera t ion  was given t o  s a t i s f y i n g  

t h e  requirements of t h e  system as l i s t e d  i n  the  s p e c i f i c a t i o n  (see Attach- 
ment A )  and as f u r t h e r  desc r ibed  i n  t h e  d i s c u s s i o n .  S p e c i f i c  mechanical 

methods or d e t a i l s  were l e f t  t o  be completed when more d e t a i l  is des i r ed .  

This  does not  mean, how- 

I n  the  a l l o t t e d  time, a number of concepts wero i n v e s t i g a t e d ,  t h r e e  of 

which a r e  descr ibed i n  some d e t a i l  i n  Sec t ions  I ,  11, and I11 of t h e  D i s -  

cussion Sect ion of t h i s  r epor t .  

f u r t h e r  cons idera t ion ,  and recommendations are l i s t e d  below as t o  t h e  d i -  

r e c t i o n  t o  be taken. 

It i s  f e l t  t h a t  two of these  a r e  worthy of 

A coat  es t imate  f o r  the  components of t h e  varjouu schemes presented ind i -  

c a t e s  t h a t  t h e  manufacturing c o s t s  are approximately t h e  same, 

t h e  c r i t i c a l  f a c t o r  i n  t h e  cos t  of any of  ttieae schemes would depend on t h e  

amount of engineer ing and d r a f t i n g  t ime requi red .  

However, 
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D 3  RECOMMENDATIONS 
Two schemes, t he  valve-bellows arrangement and t h e  EM pump-drybox arrange- 

ment, a r e  worthy of f u r t h e r  cons idera t ion .  

I n  t h e  valve-bellows arrangement, a p o s i t i v e  means of guaranteeing a ba l -  

anced system pressure and a p o s i t i v e  means of i n d i c a t i n g  l i q u i d  l e v e l  loca- 

t i o n  i s  necessary.  

v ide  a s a t i s f a c t o r y  s o l u t i o n  t o  these  problems. 

The use of e x i s t i n g  l i q u i d  l e v e l  technology could pro- 

I n  the  EM pump-drybox arrangement, t e s t s  should be performed t o  determine 

the  e f f e c t i v e n e s s  of t h e  pump i n  balancing system pressure.  

termine t h e  maximum pressure  t h a t  a given s i z e  pump could s a f e l y  balance 

wi th in  the  c u r r e n t  l i m i t a t i o n s  of t h e  pump c e l l  and a t  the  same time would 
determine whether t he  c u r r e n t  f lowing i n  t h e  t ransformer is a good indica-  

t i o n  of t h e  l i q u i d  sodium l e v e l .  

This would de- 

For both of t hese  arrangements,  t he  ease  with which manipulators i n s i d e  the  

drybox can remove a Marman clamp and the  cap from the  system should be de- 

termined. 

A t  t h i s  t ime, i t  i s  f e l t  t h a t  t he  EM pump-drybox arrangement i s  the  most 

promising system inves t iga t ed  t o  d a t e ,  and component t e s t s  should be i n i -  

t i a t e d  t o  v e r i f y  t h i s  conclusion.  

D4 DISCUSSION 
The gene ra l  requirements of t h e  ma te r i a l  handling mechanism a r e  descr ibed 

i n  the  s p e c i f i c a t i o n  i n  the  attachment.  

schemes inves t iga t ed ,  a d i scuss ion  of t he  system condi t ions  and sample re- 

moval sequence i s  presented.  

P r i o r  t o  e l abora t ing  on var ious  

The system condi t ions  as s t a t e d  i n  t h e  s p e c i f i c a t i o n  may be var ied  i f  nec- 

e s sa ry  t o  c e r t a i n  minimum values  without a f f e c t i n g  the  bas i c  requirement -- 
an opera t ing  system. During t h e  sample removal, t h e  temperature may vary a 

maximum of 100 F, t he  flow r a t e  and t h e  pressure  may be lowered as long as 

f l a w  cont inues ,  and leakage i n t o  the  system of a n  i n e r t  gas  i n  small quan- 
t i t i e s  i s  permissible .  Any por t ion  of t h e  handl ing system t h a t  r ep resen t s  



a permanently f ixed  ex tens ion  of the  sodium l o o p  must be designed for a 

p res su re  of 100 ps ig  and a temperature of 130!J F. 

mechanism coming i n  contac t  wi th  sodium s h r i l l  be the  same ma te r i a l  as the 

loop  material. 

h y  material i n  t h e  

The material handl ing sequence r equ i r e s  the removal of t h ree  samples one a t  

a time a t  d i f f e r e n t  time i n t e r v a l s .  

sample would be: 

system; and (3 )  i n s e r t i o n  i n t o  con ta ine r  f o r  trai-isportation t o  a n a l y t i c a l  

l a b o r a t o r y  . 

Simply s t a t e d ,  t h e  procedure f o r  each 

(1) removal from flow channel; ( 2 )  removal from sodium 

Analyzing each s t e p  f u r t h e r ,  gene ra l  functionaL p r i n c i p l e s  of t h e  mechanism 

become def ined ,  a number of modes of a t t t i ck  become apparent ,  and the mutual 

dependence of va r ious  s t e p s  becomes ev ident .  

i n  one of  two ways: t h e  sample can be moved f‘l-.o!ii t h e  flow channel t o  an- 

o t h e r  p a r t  of t h e  loop which can be separated l’rom t h e  main loop; or t h e  

sample can be separa ted  from t h e  remaining por1,ion o f  t h e  loop by s h u t t i n g  

off t h e  f l u i d  flow t o  t h a t  p a r t i c u l a r  channel bu?, without  s topping  t h e  flow 

through t h e  remaining channels.  

S t e p  one can be accomplished 

Step  two, t h e  removal of t h e  sample from t h e  s tdjum system, can only be ac- 

complished by sepa ra t ing  the  po r t ion  of  t h e  system conta in ing  the  sample 

from t h e  remaining por t ion  o f  t he  system. This  can be accomplished by 

us ing  v a l v e s ,  e i t h e r  g a t e  or globe type depending on t h e  procedure t o  be 

used t o  remove t h e  sample; by using a f r e e z e  p lug  s o l i d i f y i n g  t h e  sodium 

i n  t h i s  po r t ion  of t h e  system; by us ing  gas  pressure  t o  work a g a i n s t  t h e  

pressure  of t h e  system; and by using t h e  e lec t romagnet ic  motor p r i n c i p l e  

t o  o b t a i n  a f o r c e  t h a t  ope ra t e s  a g a i n s t  t h e  pressure  of t h e  system. 

S tep  t h r e e ,  i n s e r t i o n  i n t o  t h e  con ta ine r  f o r  t r a n s p o r t a t i o n  t o  t h e  ana ly t -  

i c a l  l abo ra to ry ,  can be accomplished manually i n  a s tandard glove box and 

no mechanism i s  necessary f o r  i t s  f u l f i l l m e n t .  

S teps  one and two are  mutually dependent and w i l l  be considered as such i n  

eva lua t ing  the  above mentioned methods of a t t a c k .  



From t h e  a l t e r n a t i v e s  mentioned i n  s t e p s  one arid two, var ious  combinations 

can be e s t ab l i shed  and evaluated.  These combinations are l i s t e d  below: 

1. 

2. 

3 .  

4.  
5. 

Sample remaining i n  sample holder  - Freeze plug 

Sample remaining i n  sample holder  - Globe valve 

Sample removed from sample holder  - Gate valve - Bellows 

Sample removed from sample holder  - Gas pressure  

Sample removed from sample holder  - Motor p r i n c i p l e  

Consider ing t h e  opera t ing  requirements of t h e  system and the  high thermal 

conduct iv i ty  of t h e  f l u i d  which resul ts  i n  high cool ing requirements,  

Scheme No. 1 can be e l imina ted  as unfeas ib le .  

Scheme No. 2 r e q u i r e s  a change i n  t h e  sample holder  and a d d i t i o n a l  flow 

measuring devices .  

are f o r  low v e l o c i t y  flow samples and one is f o r  h igh  v e l o c i t y  flow sam- 

p l e s .  I n  t h i s  arrangement, a sepa ra t e  sample holder  would be suppl ied f o r  

each sample so t h a t  s h u t t i n g  o f f  t he  flow t o  any one sample would not  s t o p  

t h e  flow t o  t h e  o the r  samples. (1) a d i f f e r e n t  l o o p  con- 

figuration; (2) povs ib le  flow vur ia t ior i s  past  the  sample & s  compared t o  the  

p re sen t  holder ;  ( 3 )  ti change i n  flow condi t ions  pas t  t h e  remaining samples 

when one sample i s  being removed; ( 4 )  an inc rease  i n  t h e  hea t  l o s s e s  of t h e  

system; and ( 5 )  t h e  use  of a t  l e a s t  two flow measuring devices  t o  determine 

how much f l u i d  i s  f lowing i n  t h e  o t h e r  channels.  These changes would ques- 

t i o n  t h e  comparabi l i ty  of t h e  data obtained us ing  t h i s  method wi th  t h e  d a t a  

obtained us ing  t h e  p re sen t  holder .  

i n  F igure  D-1. 

The p resen t  holder  con ta ins  fou r  flow channels ,  t h ree  

This  results i n :  

A ske tch  of t h i s  arrangement i s  shown 

The remaining methods r e q u i r e  t h e  sample t o  be moved from t h e  sample holder  

t o  another  po r t ion  of t h e  loop.  

con t ro l l ed  e n t r y  i n t o  t h e  loop,  con t ro l l ed  movement of a device  t o  move t h e  

sample, and a r ec los ing  of t h e  loop. 

Each of these  methods r e q u i r e s  a means of 

I n  t h e  f i r s t  method (Scheme No. 3 ) ,  a g a t e  valve a n d  a l o n g  s t r o k e  bellows 

assembly i n  combination wi th  i n e r t  gas pressure  i s  the  means through which 

e n t r y  and e x i t  i s  accomplished. 
provided i n  Sect ion I and a ske tch  i s  shown i n  Figure D-2. 

A d e t a i l e d  d e s c r i p t i o n  of t h e  mechanism i s  
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I n  the  second method (Scheme No. 4 ) ,  gas pressure  i s  suppl ied t o  a c i r c u l a r  

drybox, conta in ing  mechanical t o o l s ,  which i s  a f f ixed  t o  t h e  system when 

sample removal i s  requi red .  

ances t h e  pressure  i n  t h e  system. 

system through the  standard flanged attachment.  This method i s  descr ibed 

i n  Sect ion I1 and i s  shown i n  Figure D-3. 

Pressure i n  t h e  box i s  increased u n t i l  i t  bal-  

A t  t h a t  t ime, e n t r y  i s  made i n t o  t h e  

The t h i r d  method (Scheme No. 5 )  used t h e  electromagnet ic  p r i n c i p l e  t h a t  a 

conductor car ry ing  c u r r e n t  i n  a magnetic f i e l d  produces a fo rce .  An EM 

pump i s  used t o  ob ta in  t h e  required fo rce  and i n  conjunction with a low 

pressure  f i l l e d  drybox containing mechanical t o o l s  permits e n t r y ,  e x i t ,  and 

removal of t h e  sample from t h e  system. This method i s  descr ibed i n  Sect ion 

I11 and i s  shown i n  Figure D-4. 

SECTION I 

VALVE - BELLOWS ARRANGEMEEXTI 

The device c o n s i s t s  of a ga t e  valve permanently f ixed  i n  the  system and a 

bellows assembly conta in ing  a rod wi th  a f i n g e r  l a t c h .  

b ly  i s  fas tened  t o  t h e  system by a Marman clamp. 

operated and no sampling i s  requi red ,  t h e  bellows assembly can be replaced 

by a cap. The use of t h e  cap permits t h e  opening of t he  ga te  valve during 
normal opera t ion  and e l imina te s  any metal-to-metal contac t  of t h e  valve 

parts except  f o r  s h o r t  per iods  of t i m e  dur ing  sample removal. 

bellows assembly would be enclosed i n  a glove box t o  permit opening the  

system under an  i n e r t  atmosphere. A means of guarantying a balanced system 

pressure  and a means of i n d i c a t i n g  l i q u i d  l e v e l  l o c a t i o n  must be used p r i o r  

t o  opening the  system. 

i n  Figure D-2. 

The bellows assem- 

When t h e  loop  i s  being 

The e n t i r e  

A prel iminary l ayou t  of t h i s  arrangement i s  shown 

I n q u i r i e s  as t o  the  a v a i l a b i l i t y  of a s u i t a b l e  v a l v e  and bellows were made 

t o  a number of manufacturers.  L is ted  below a r e  the  names of t h e  ones who 

can d e f i n i t e l y  s a t i s f y  our requirements:  
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Valve 

Bellows 

1. 

2. 

1. 

2. 

-rating Sequence 

Powell Valve Company 

Cinc inna t i ,  Ohio 

P-K I n d u s t r i e s  

North Arl ington,  New J e r s e y  

Nucledyne Divis ion 

Cook E l e c t r i c  Company 

Frankl in  Park ,  I l l i n o i s  

Solar  A i r c r a f t  Company 

San Diego, C a l i f o r n i a  

1. 

2. 

3 .  

4.  
5. 

6. 

7 .  

a. 
9. 

10. 

11. 

12.  

With the  cap on the  system, i n s e r t  an i n e r t  gas  a t  a pressure  above 
t h a t  of t he  system pressure .  Using a l i q u i d  l e v e l  i n d i c a t o r ,  i n su re  

t h a t  t h e  sodium l e v e l  i s  below t h e  valve and then  check t o  in su re  t h a t  

t h e  system pressure  i s  balanced, 

Close t h e  ga t e  valve ( l i q u i d  sodium below t h e  valve,  i n e r t  gas above) .  

Bleed off t h e  gas between the  valve and cap u n t i l  i t  equals  t h a t  of the 

glove box. 
Remove cap and rep lace  wi th  bellows assembly. 

F i l l  bellows wi th  i n e r t  gas u n t i l  p ressure  equals  t h a t  of loop  and open 

ga te  v a l v e .  

Compress bellows t o  ind ica t ed  poin t  f o r  engagement of sample. 

l a t c h  on t h e  rod engages wi th  t h e  f i n g e r  on t h e  sample.) 

Expand bellows removing sample from sodium t o  i n e r t  gas and c l o s e  ga t e  

valve.  

Equal ize  pressure  i n  bellows t o  t h a t  of  glove box. 

Open clamp and remove sample. 

Replace bellows assembly on valve.  

Secure clamp, f i l l  bellows wi th  i n e r t  gas ,  and open valve.  

Place sample i n  gas f i l l e d  con ta ine r  and remove from glove box. 

(F inger  

. 

Advantapes 

1. Completely enclosed system. 

2. S t r a i g h t  a x i a l  motion of bellows i s  only required.  



3 .  
4. 

Bellows can be replaced by cap dur ing  norma.1 operat ion.  

Valve  su r faces  not  i n  con tac t  except  f o r  s h o r t  per iods  of time when re-  

moving sample. 

Bellows assembly can be used cjn a l l  t h e  s.ample holders .  

S t a i n l e s s  s t e e l  bellows can be used on both. loops.  

5. 
6 .  

Disadvantages 

1. Obtaining a r e l i a b l e  ga t e  valve t o  opera te  proper ly  a t  t h e  condi t ions  

of t h e  system. 

Bellows manufacturers w i l l  not guarantee l i f e  of bellows. 

Requires use of a p o s i t i v e  l i q u i d  l e v e l  i n d i c a t o r  t o  i n d i c a t e  t h a t  li- 

quid l e v e l  i s  below the  valve s e a t .  

2 .  

3 .  

SECTION I1 

PISTON ASSEMBLY - DRYBOX ARRANGEMENT 

This  device c o n s i s t s  of a drybox containing a number of manipulators oper- 

a t i n g  i n  an i n e r t  atmosphere. 

cap from t h e  system and t o  remove the  sample from t h e  sample holder ,  

removal of t h e  sample i s  accomplished by a f i n g e r  l a t c h  a t tached  t o  a rod. 

The r o d ' s  motion i s  a x i a l  and r o t a t i o n a l ,  both accomplished by a guided 

p i s t o n  which r o t a t e s  90' during t h e  l eng th  of i t s  s t roke .  

i n d i c a t o r  and a means t o  i n s u r e  p re s su re  balance between the  drybox and the  

l i q u i d  metal system determines when the  system can be s a f e l y  opened. A 

hea t ing  c o i l  i s  provided t o  keep the  temperature of t h e  sodium cons tan t .  

p re l iminary  l ayou t  of t h e  devices  i s  shown i n  Figure D-3. 

These manipulators a r e  used t o  remove the  

The 

A l i q u i d  l e v e l  

A 

Operat ing Sequence 

1. I n s e r t  gas  i n t o  drybox u n t i l  p ressure  i n  box balances t h a t  of the  sys- 

t e m .  

t h e  spec i f i ed  level.  

Admit pressure  t o  upper s i d e  of p i s ton  c y l i n d e r  (cap removal) and open 

Marman clamp. 

Check l i q u i d  l e v e l  i n d i c a t o r  t o  i n s u r e  t h a t  l eve l  of sodium i s  a t  

2. 

3 .  Raise cap. 
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4 .  Admit pressure  t o  p i s ton  assembly t o  lower f i n g e r  l a t c h .  

move t o  ind ica ted  p o s i t i o n  t o  i n s u r e  t h a t  t he  f i n g e r  on t h e  sample i s  

engaged wi th  l a t c h .  

5. Raise f i n g e r  l a t c h  wi th  sample. 

6. Replace cap on system and t i g h t e n  clamp. 

7. Reduce pressure  i n  drybox and remove sample. 

Let p i s ton  

Advantages 

1. I t  can be used on a l l  t h e  sampling loops  by interchanging t h e  f i n g e r  

l a t c h .  

The l i q u i d  metal system i s  completely enclosed dur ing  normal loop  oper- 

a t i o n .  

No por t ion  of t h e  handl ing device comes i n  con tac t  with sodium except 

t h e  f i n g e r  l a t c h  and t h i s  only occurs  dur ing  sample removal. All oper- 

a t i o n s  for sample removal a r e  accomplished by rnariipulators wi th in  the  

d rytox . 

2. 

3.  

Disadvantages 

1. 

2 .  

3 .  

4 .  

Msintaining a gas pressure  t o  cons t an t ly  and c o n s i s t e n t l y  balance the  

system pressure  and y e t  no t  h inder  flow or permit s p i l l a g e .  

Use of a hea t ing  c o i l  t o  prevent cool ing  of l i q u i d .  

Large number of  mechanical devices  i n  a small volume (pneumatic, e lec-  

t r i c a l ,  and mechanical) .  

Maintaining a l e a k - t i g h t  drybox ( t h i s  a p p l i e s  t o  a l l  dryboxes) bu t  es- 

p e c i a l l y  t h i s  scheme because of t h e  l a r g e  number of r o t a t i n g  and s l i d -  

i ng  s e a l s  requi red  i n  t h e  drybox. 

SECTION I11 

EM PUMP - DRYBOX ARRANGEMENT 

This  device c o n s i s t s  of an  electromagnet ic  pump, a drybox conta in ing  manip- 

u l a t o r s  and viewing p o r t s ,  and wires  permanently a f f ixed  t o  the  samples. 

The EM pump i s  used t o  balance t h e  pressure  of the  system and i n  doing s o  

keeps t h e  s o d i u m l e v e l  below t h e  t h r o a t  of t h e  pump c e l l .  The drybox per- 



mits removal of the  cap, removal of t h e  sample and replacement of t he  cap 

i n  an i n e r t  atmosphere. This  i s  accomplished through the  use of manipu- 

l a t o r s  i n s i d e  the  drybox which a r e  operated ou t s ide  the  drybox through 

s e a l s .  Af t e r  t h e  clamp i s  opened, t h e  cap with gasket  a t tached  i s  r a i sed  

and r o t a t e d  so  t h a t  a c l e a r  a r e a  above the  opening i s  a v a i l a b l e .  A spare  

cap wi th  a gasket  r ep laces  the  removed cap once t h e  opera t ion  i s  completed. 

This  i s  necessary because mrman &lamp type gaske ts  are not  reusable  and 

must be replaced each time the  cap i s  removed. 

samples a r e  suspended through a support  p l a t e  l oca t ed  beneath the  cap. 

upper end of t h e  wire  i s  a t tached  t o  a l a t c h  mechanism which engages t o  a 

support  l a t c h  t o  r a i s e  t h e  sample t o  an i n i t i a l  height .  

r a i s e d  t o  a s p e c i f i c  he igh t ,  i t  i s  engaged by a crank. 

t he  sample from t h e  sodium system by winding tjhe wire  on a drum. 

The wires  a t tached  t o  the  

The 

Once the  l a t c h  i s  

This  crank r a i s e s  

An ammeter a s soc ia t ed  with t h e  pump transformer i n d i c a t e s  t h e  amount of  

c u r r e n t  f lowing i n  the  pump secondary, 

t h e r e  i s  sodium i n  t h e  t h r o a t  of t h e  c e l l  o r  below the  t h r o a t .  A gas valve 

i n  the  system insu res  t h a t  t h e  system can be checked f o r  balanced pressures  

p r i o r  t o  removing the  cap. 

Figure D-4. 

This  cu r ren t  i n d i c a t e s  whether 

A prel iminary layout,  of t he  device i s  shown i n  

Operat ing Sequence 

1. 

2. 

3. 

4. 
5 .  

6 .  

7. 

a.  

With drybox i n  place, start EM pump and check current. (The amount of 

c u r r e n t  i n d i c a t e s  i f  sodium i s  i n  t he  throat ,  of the  c e l l  or below i t . )  
I n s e r t  i n e r t  gas  i n t o  drybox, then open gas valve leading  from t h e  loop. 

If no sodium r i s e s  i n t o  t h e  bowl, system i s  balanced. 

Remove cap. 

Using support  l a t c h ,  raise sample t o  be removed. 

Engage l a t c h  with c r m k  mechanism and raise sample completely out of 

system. 

Close system with rjpare cap. 

Close valve and EM piimp. 

Remove sample frorri drybox. 
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Advantage s 

1. 
2. The pump c e l l  remains i n  t h e  system, b u t t h e  transformer sec t ion  can be 

u t i l i z e d  on the  o ther  sample removal s ec t ion .  

System i s  completely enclosed dur ing  normal loop operat ion.  

3. A l l  opera t ions  a r e  enclosed i n  a low pressure  drybox and can be seen 

through a viewing p o r t , ”  

Any loop  can be converted i n t o  an  ope ra t iona l  sampling loop by moving 

the  c e l l  s e c t i o n  from one loop  t o  another .  

Liquid l e v e l  can be a sce r t a ined  by the  c u r r e n t  f lowing i n  t h e  t r ans -  

former. 

No por t ion  of t h e  device n o t  permanently f ixed  t o  the  system comes i n  

con tac t  with sodium a t  any t i m e .  

4 .  

5. 

6 .  

Disadvantages 

1. During normal opera t ion  an e x t e r n a l  support  must be used t o  p ro tec t  the 

pump c e l l  from d i s t o r t i o n  due t o  the  pressure  and temperature condi- 

t i o n s .  

Hold-down weights must be used t o  keep the  sample i n  i t s  holder  during 

normal opera t ion .  

The unknowns of the  phys ica l  and e l e c t r i c a l  condi t ions  e x i s t i n g  wi th in  

the  c e l l  which determine the  n e t  fo rce  a c t i n g  a g a i n s t  t he  sodium. 

to type  component t e s t i n g  w i l l  be requi red  t o  c l a r i f y  these  unknowns. 

Dis turb ing  e f f e c t  on f o r c e  balance as sample i s  removed through c e l l .  

2 .  

3.  
Pro- 

4.  

D5 COST 
The c o s t  f o r  t h e  components of t h e  schemes presented i n  F igures  D-2, D-3, 
and D-4 a r e  i n  t h e  same p r i c e  range, approximately $L+,OOO*. 

f i g u r e  only  cons iders  one u n i t .  

p a r t s  such as t h e  bellows i n  Figure D-2 and t h e  EM pump’s t ransformer can 

be used on more than one u n i t  t hus  decreas ing  t h e  c o s t  on the  o the r  un i t s .  

However, t h i s  

If more than  one u n i t  i s  requi red ,  c e r t a i n  

* Shop c o s t  - no t  s e l l i n g  p r i c e .  
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Engineering c o s t  on t h e  other  hand can be q u i t e  d i f f e r e n t i a t e d  depending on 

the  scheme considered. The complexity of the  scheme shown i n  Figure D-3 
would i n v a r i a b l y  involve more engineer ing development than t h e  schemes 

shown i n  F igures  D-2 and D-4. However, becauise t h e  schemes a r e  not  de- 

t a i l e d ,  any of t h e  schemes my present  a prob:Lein which r equ i r e s  a l a r g e  

investment i n  engineer ing o r  d r a f t i n g  time. 

quired before  r e a l i s t i c  e s t ima tes  can be determlned. 

Fu r the r  i n v e s t i g a t i o n  i s  re -  
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A *  - SCOPE 

The i n t e n t  of t h i s  s p e c i f i c a t i o n  i s  t o  set  f o r t h  t h e  func t iona l  and genera l  

design requirements of t h e  two sample handling mechanisms t o  be designed 

f o r  use dur ing  opera t ion  of a high temperature sodium mass t r a n s f e r  loop. 

B. REFERENCES 

1. 

2. 

G.E. Drawing (Dated November 22, 1959) - Sample Holder 

C.E. Drawing (Pre l iminary  - No Number, Dated November 22, 1959) - Loop 

l ayou t  

C. GENERAL REQUIREMENTS 
1. The sample handl ing mechanism s h a l l  provide a means of removing sam- 

p l e s ,  one a t  a time, from flow channels i n  t h e  sample holder  shown i n  

Reference No. 1 while maintaining t h e  fol lowing system condi t ions :  

a. 

b. 

c.  

d. 

System temperature - 1300 F maximum. 

Sodium flow rate pas t  sample - 3 f p s .  (reduced from normal condi t ions)  

System pressure  - 1 0  ps ig  maximum. 

Temperature of sodium i n  t h e  v i c i n i t y  of t h e  sample holder  being 

opened must be maintained a t  or very c lose  t o  t h a t  of t h e  sample 

holder .  

No leakage of sodium t o  the  atmosphere i s  allowed. e. 

f .  No leakage of a i r  t o  sodium i s  allowed. 
The samples t o  be handled a r e  i n  accordance with the  fol lowing:  

a. Dimensions: 

2 .  

1/32 x 3/16 x 3 inches  long with a l o n g i t u d i n a l  crimp i n  the  cen te r  

as  descr ibed i n  subsec t ion  111-B.  
b. A c c e s s i b i l i t y :  

One end of t h e  sample pro t rudes  from t h e  sample holder  flow chan- 

n e l ,  approximately 1/8-inch t o  provide opportuni ty  f o r  gr ipping.  

c .  Mater ia l :  

(1) S t a i n l e s s  S t e e l  Type 316 
( 2 )  Alloy S t e e l  Type 2&r-lMo 
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3 .  Sample Handling Sequence 

Three samples are t o  be removed, one a t  a time a t  d i f f e r e n t  i n t e r v a l s .  

Each sample removal w i l l  inc lude  t h e  fol lowing sequence of events:  

a. Removal of flow channel.  

b. Removal from sodium system. 

c .  I n s e r t i o n  i n t o  a gas t i g h t  conta iner  f o r  t r a n s p o r t a t i o n  t o  t h e  ana- 

l y t i c a l  l abora tory .  

Handling mu.st be of such a n a t u r e  t h a t  no sample material i s  &&. d. 

4.  D e s i m  Requirements 

a.  Materials: 
b h t e r i a l s  contac t ing  sodium s h a l l  be t h e  same as t h e  loop  material, 
i . e . ,  one type 316 s t a i n l e s s  s t e e l  and one 2Sr-lMo. 

Any por t ion  o f  the handl ing system t h a t  r e p r e s e n t s  a permanently 

connected extension of' t h e  sodium system must be designed f o r  a 

pressure  of 100 p s i g  arid a temperature of 1300 F. 

b. Design Strength:  

c. Space R e s t r i c t i o n s :  

A 10-inch diameter space i s  a v a i l a b l e  a t  each sample holder  and t h e  

space above each sample holder  i s  c l e a r .  

d. Safe ty  Considerat ions:  

The system design must be such t h a t  i t  can be operated s a f e l y  with- 

o u t  undue r i s k  of f i r e  o r  o t h e r  hazards .  



A P P E N D I X  E 

P R E S S U R E  DROP C A L C U L A T W ;  

This  appendix conta ins  the  pressure drop c a l c u l a t i o n s  and a n a l y s i s  d a t a  f o r  

t h e  s i x  sodium mass t r a n s f e r  t e s t  loops covered i n  t h e  design r e p o r t .  The 

c a l c u l a t i o n s  here in  a r e  those which have been I-evised from t h e  o r i g i n a l  

c a l c u l a t i o n s  and a r e  based on t h e  number one loop  opera t ion  s i n c e  i t s  i n -  

s t a l l a t i o n  i n  t h e  t e s t  bui ld ing ,  The c a l c u l a t i o n s  presented,  d i f f e r  from 

t h e  o r i g i n a l  c a l c u l a t i o n s  due to  modif icat ions i n  t h e  sample i n s e r t  p a t t e r n  

( a d d i t i o n a l  sample c a p a c i t y ) .  
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APPENDIX E 

PRESSURE DROP CALCULATIONS 

June 8, 1961 

Prepared by A. G. S i l v e s t e r  

INTRODUCTION 
The s i x  geometr ical ly  i d e n t i c a l  sodium mass t r a n s f e r  loops ,  which were in -  

s t a l l e d  a t  General E l e c t r i c  Company, Atomic Power Equipment Department dur- 

i n g  the  summer of  1960 have been analyzed f o r  pressure  drop, or required 

pump head, us ing  standard pressure  drop equat ions  and cons t an t s  f o r  flow of 

l i q u i d s .  

A t  t h e  time of a n a l y s i s ,  only loop  number one had been i n  opera t ion  f o r  a 

s u f f i c i e n t  l e n g t h  of t ime t o  render  t e s t  d a t a  t o  compare with the  pressure  

drop c a l c u l a t i o n s .  It  i s  bel ieved however, t h a t  a l l  s i x  loops  w i l l  have a 

nea r ly  i d e n t i c a l  p ressure  drop. This  b e l i e f  i s  based on t h e  f a c t  t h a t  a l l  

loops  were f a b r i c a t e d  from i d e n t i c a l  drawings and a l l  machined p a r t s  were 

manufactured wi th in  shop to l e rances .  

Each sodium mass t r a n s f e r  loop  c o n s i s t s  of seven s p e c i a l l y  designed sample 

ho lde r s ,  an electromagnet ic  pump, a dump tank ,  a surge tank,  hea t e r s ,  

coolers ,  and in t e rconnec t ing  piping. The major sources  of pressure  l o s s  

are t h e  sample holders  and the  piping. A t  t he  design flow r a t e  of 1 gpm, 

t h e  sum of t h e  hea te r ,  cooler  and p ip ing  l o s s e s  a r e  ca l cu la t ed  t o  be about 

8 p s i  compared t o  a loop  AP of over 100 p s i .  

considered n e g l i g i b l e  and have been omitted from t h i s  ana lys i s .  

l oop  pressure  drop c a l c u l a t i o n s  were based on the  flow r e s i s t a n c e  of t he  

seven sample holders .  

These l o s s e s ,  t he re fo re ,  were 

Thus, a l l  

The pressure  drop i n  each holder  depends on the  number of p a r a l l e l  flow 

passages i n  each i n s e r t  and t h e  number of samples i n s t a l l e d .  Figure E-1 

shows t h e  standard i n s e r t  and sample loading  p a t t e r n  f o r  each loop. A l l  

coolan t  s l o t s  measure 0.115-inch x 0,180-inch except  the  H3R high v e l o c i t y  

f o i l  s l o t  which i s  0.062-inch x 0.187-inch. The l eng th  of each s l o t  i s  
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2-15/16-inches. 

ity f o i l  s l o t  is 0.062-inches t h i c k ,  0.170-inches wide and 3-inches long. 

The H3R sample ( i r r a d i a t e d )  s i z e  i s  0.006-inch t h i c k ,  0.216-inch w i d e  and 

3-inches long  and i s  crimped i n t o  ttV't shape. 

t h e  primary flow r e s i s t a n c e  cons idera t ions .  

1. Entrance and Exi t  Losses 

The sample i n s e r t e d  i n t o  a l l  s l o t s  except H3R high veloc- 

Following i s  a d iscuss ion  of 

Twenty-five ab rup t  changes i n  v e l o c i t y  occur i n  a c i r c u i t  of the  t e s t  

loop ,  

d i r e c t i o n  e i t h e r  a t  t he  same poin t  or c lose  enough t o  t h e  po in t  of 

change t o  make t h e  a n a l y s i s  d i f f i c u l t .  

g r e a t e s t  l a c k  of  confidence exis ts  i n  the  results of t hese  ca l cu la t ions .  

The expansion l o s s e s  are expressed i n  the  form of t l ve loc i ty  change 
squared d i v i d e d  by 2 g", while en t rance  and tu rn ing  losses are calcu- 

l a t e d  by applying an empir ica l  f a c t o r  t o  t h e  v e l o c i t y  head formula. 

The product of t h e s e  f a c t o r s  can r e s u l t  i n  an answer t h a t  may vary as 
much as p l u s  or minus 50%. 

hal f  of t h e  hot l e g  sample holder  l o s s e s  and 32% of the  cold leg losses, 

t hese  pressure  drop eva lua t ions  can be q u i t e  i n  e r r o r .  

The major i ty  of  t hese  sudden changes a l s o  involve a change i n  

This  i s  the  a rea  i n  which t h e  

Since these  combined l o s s e s  r ep resen t  one- 

The s lope  of t h e  r e s u l t i n g  pressure  drop vs .  flow curves a l s o  may be 

s l i g h t l y  i n  e r r o r  s i n c e  t h e  f a c t o r s  change wi th  the  e f f e c t i v e  d i r e c t i o n  

angle .  

ho lder  inc lude  two 90-degree t u r n s ,  an expansion and a con t r ac t ion  l o s s ,  

and f r i c t i o n  l o s s  between the  two sample s l o t  cy l inde r s  ( i n s e r t s ) .  

very low v e l o c i t i e s ,  t h e  change i n  flow d i r e c t i o n  can be made gradual ly  

with a low percentage of l o s s e s  going i n t o  eddy c u r r e n t s ,  entrainment 

of surrounding f l u i d ,  e t c .  

f o r c e s  become g r e a t e r ,  and an inc reas ing  percentage of l o s s e s  occur due 

t o  impingement and l a t e r a l  d i spe r s ion  of t h e  main s t ream a f t e r  s t r i k i n g  

the  underside of t he  sample holder  cover ,  

expect  t h a t  t h e r e  should be a change i n  t h e  K or mult iplying f a c t o r  a s  

v e l o c i t y  changes i n  t h i s  region.  

For example, t h e  cross-over l o s s e s  a t  t h e  t o p  of t h e  sample 

A t  

As the  v e l o c i t y  inc reases  c e n t r i f u g a l  

For t h i s  reason, one would 
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2. Turbulent - Laminar Flow 

The flow i n  t h e  sample holder  s l o t s  a t  700 P i s  t u rbu len t  ( t h a t  is, 
where t h e  Reynolds number i s  g r e a t e r  than 41300) under a l l  condi t ione  

above a flow of 0.3 gpm, 

t r a n s i t i o n  zone u n t i l  t h e  flow i s  reduced t o  0.144 gpm. 

p l e s  i n  these  s l o t s ,  t he  c r i t i c a l  transit .Lon zone i s  obtained a t  about 

0.25 gpm. The c r i t i c a l  Reynolds number flor flow t r a n e i t i o n  i s  thought 

t o  be conservat ive s ince :  1) t r a n s i t i o n  oondi t ions  a r e  f r equen t ly  re -  

ported as low a s  2000, and 2) e ince  t h e  phys ica l  p rope r t l ee  of sodium 

a r e  a func t ion  of temperature,  s l i g h t l y  lower flow r a t e s  a r e  required 

f o r  t r a n s i t i o n  condi t ions  a t  opera t ing  temperature,  

The high v e l o c i t y  s l o t s  do not reach t h e  

With no eam- 

3. Pressure Drop Due t o  F r i c t i o n  

Moody f r i c t i o n  f a c t o r s  were used i n  t h e  standard hydraul ic  f r i c t i o n  

equat ions ,  bu t  t h e r e  i s  an opportuni ty  t o  vary t h i e  f a c t o r  by a8 much 

a s  two t o  one f o r  t h e  same Reynold6 number (depending on t h e  roughnees 

f a c t o r  chosen, 

c ludes  an a d d i t i o n a l  allowance f o r  an i n c r e a s e  of apparent  roughneee 

f a c t o r  when hydraul ic  diameters  a r e  very smll ,  i.e., i n  t h e  region 

below 0.30-inch diameter ,  

s l o t s ,  where t h e  hydraul ic  diameter i s  O.OL+-inch, Crane sugges ts  t h a t  

t h e  roughness f a c t o r  should be g r e a t e r  by 37%, which would r e s u l t  i n  a 

cons tan t  v a l u e  of 0.053 f o r  f r i c t i o n  f a c t o r  independent of Reynolds 
7 number up t o  1 0  . 

twice as high a s  ca l cu la t ed  with t h e  s tandard equation. I t  i s  probably 

t r u e  t h a t  t h e  a c t u a l  roughness f a c t o r  should be g r e a t e r  than t h a t  f o r  a 

smooth b r a s s  tube,  when hydraul ic  diameters  a r e  very small, and where a 

s c a l e  depos i t  may have b u i l t  up on some of t h e  sur faces .  

t h e  ca l cu la t ed  f r i c t i o n  pressure  drops i n  t h i s  r epor t  should be consid- 

ered a s  t he  lowest probable value,  and may be 1 5  t o  30% higher  i n  

a c t u a l  p rac t i ce .  

Crane Technical Paper No. 409 - My, 1942 however, i n -  

For a t y p i c a l  case such as t h e  high v e l o c i t y  

This  would r e s u l t  i n  pressure  drops being about 

Therefore ,  

4. Deposition Pluaginp: of S l o t s  

The flow a rea  of t h e  sample s l o t s  with samples i n s t a l l e d  becomes zero 

when 23 mils  of depos i t  have accumulated uniformly on t h e  su r face  of 
t h e  flow a rea .  The a c t u a l  plugging poin t  may be reach before  23 mils 



5 .  

Temperature, F 700 

Viscos i ty ,  l b / f t -h r  0.71 

Sodium Density, P, l b / f t 3  53.8 

Veloc i ty  Rat io  V T / ~ 7 0 0  1 ,000 
I 

have been deposi ted,  if t h e  depos i t  t h i ckness  i s  not uniform. 
v a r i a t i o n  across  t h e  passage may poss ib ly  a f f e c t  t h e  uniformity of t h e  

depos i t .  As t h e  remaining flow passage becomes smaller t h e  chances of 
sudden plugging by p a r t i c u l a t e  matter a l s o  becomes g rea t e r .  

Temperature E f f e c t s  

The e f f e c t s  of temperature on t h e  phys ica l  dimensions of  t h e  sample 

holders ,  and i n  t h e  d e n s i t y  and v i s c o s i t y  of t he  sodium was considered. 

The sample holder  s l o t s  and samples were machined t o  s i z e ,  a t  room 
temperature i n  t h e  shop, t o  a to l e rance  of i0.003-inch. 

is heated,  t h e  flow passages wi th in  a sample holder  w i l l  i nc rease  i n  
area and t h e  p re s su re  drop would be less  than  ca l cu la t ed  when room 
temperature measurements are used. 

drop change t o  be expected when the  sample holders  are heated, the AP 
i n  sample holder  H3 was ca l cu la t ed .  

0.002-inch and a width change of 0.0013-inch f o r  a temperature rise of 

1130 F (room temperature  t o  1200 F ) .  The sample l e n g t h  and width w i l l  
change 0.00192 and 0.0007-inch, r e spec t ive ly .  The r e s u l t a n t  flow area 

2 i n c r e a s e  i s  0.00022-inch 

From t h i s ,  one may conclude t h a t  heated sample holders  w i l l  opera te  

wi th  2 t o  3% less p res su re  drop than  ca l cu la t ed .  

g i b l e  s i n c e  it i s  a l s o  wi th in  the  e r r o r  t h a t  might be caused by t o l e r -  

ance limits on the  holder  and sample dimensions. 

Veloci ty  

When t h e  loop  

To estimate the  amount of  pressure  

It has  a s l o t  l eng th  change of 

which reduces the  p re s su re  drop by only  3%. 

This  change i s  neg l i -  

800 900 1000 1100 1200 1300 

0.65 0.59 0.55 0.52 0.48 0.45 

53.0 52.2 51.3 50.4 49.5 48.6 

1.015 1.030 1.050 1.068 1.088 1.106 - 

The r a t i o  between sodium v e l o c i t y  a t  a h igher  temperature and a t  700 F a t  

the  same mass flow rate through the  same passage, i s  given by t h e  d e n s i t y  

r a t i o  as fol lows:  

17 0 



PRESSURE DROP ANALYSIS 

Standard hydraul ic  pressure  drop equat ions arid c o e f f i c i e n t s  were used t o  

c a l c u l a t e  t he  pressure drop, or  required pump head, f o r  t h e  t e s t  loops ,  A s  

previously descr ibed ,  the s i g n i f i c a n t  head l o s s  i n  each of t h e  s i x  loops 

occurs i n  the  cor ros ion  sample region wi th in  the  seven sample holders ,  

t h i s  a n a l y s i s  t he re fo re ,  only t h e  drop wi th in  the  sample holders  w i l l  be 

considered. 

For 

Geometrical and t e s t  condi t ions  f o r  t h i s  evalucition were obtained from 

o the r  s e c t i o n s  of t h i s  r e p o r t  - p a r t i c u l a r l y  i n  s e c t i o n  I11 (Design of Loop 

Components) - and the  drawings presented i n  Appendix F. The phys ica l  prop- 

e r t i e s  of sodium and the  hydraul ic  coef f ic ien t : ;  and formulae were obtained 

from one of t he  fol lowing re ferences :  

1. L i q u i d  Metals Handbook - Sodium N a K  Supp:Lernent, T I D  5277, AEC - Dept. 

of Navy - US Government P r i n t i n g  Off ice ,  1955. 
2. Heat Transmission - McAdams. 

3. In t roduct ion  t o  Heat Transfer  - Brown and Marco. 

4. Crane Technical  Paper No, 409 - May, 19k2. 

The flow meter c a l i b r a t i o n  and pump head d a t a  i s  obtained under i so thermal  

condi t ions ,  bu t  s ince  t h e  loops  a r e  operated wi th  a temperature d i f f e ren -  

t i a l ,  t h e  pressure  drops i n  t h e  sample holders  of t he  t e s t  l oop  were calcu- 
l a t e d  f o r  each of t he  fo l lowing  cond i t ions :  

1. Flow measured a t  a temperature of 700 F and sample holders  a t  t he  oper- 

a t i n g  temperature ind ica ted  below. 

SAMPLE HOLDER - TEMPERATURE 
C 3  (and flowmeter) 700 F 

C2, H 1  1,000 F 

C1, H2 1,100 F 

H3,  H3R 1,200 F 

This  was done both wi th ,  and without samples i n s t a l l e d .  

Loop Isothermal  a t  700 F - with and without  samples. 

Assuming varying amounts of dep le t ion  of t h e  hot l e g  samples and s l o t s  

and depos i t i on  on t h e  cold l e g  samples and s l o t s .  

flow meter temperatures were the  same as condi t ion  1 above. 

2. 

3. 
Sample holder  and 
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Within each sample holder  t h e  pressure  drop was evaluated a t  t he  fol lowing 

l o c a t i o n s  : 

1. Sample holder  en t rance  5. and 9. Second s l o t  en t rance  

2. F i r s t  s l o t  f r i c t i o n  6. and 10. Second s l o t  f r i c t i o n  

3. F i r s t  s l o t  e x i t  7. and 11. Second s l o t  e x i t  

4. Cross-over l o s s  between passages 8. Sample holder  e x i t  

Figure E-2 shows the  l o c a t i o n  of t he  ind iv idua l  AP eva lua t ions  f o r  t h e  hot  

l e g  sample holders .  Numbers i n  t h e  previous l i s t  correspond wi th  those on 

the  f i g u r e  and wi th  the  fol lowing equat ions and r e s u l t s .  S imi l a r ly  Figure 

E-3 desc r ibes  the  l o c a t i o n  of t h e  pressure drop ana lyses  f o r  t he  cold l e g  

sample holders .  

sure  drop a t  these  l o c a t i o n s  a r e  l i s t e d  below. 

The equat ions and c o e f f i c i e n t s  used t o  eva lua te  the  pres- 

1, Sample Holder ( i n s e r t  ) Entrance,  
-3 

2. S l o t  F r i c t i o n  Loss 

v2 P AP = f (L/D ) - (-) H 2g 144 

3.  S l o t  E x i t  and Turn Losses. 
r -I 

Ap = p AV12 + V 
2g 'J & 

4 .  Cross-Over Loss 
n 

L vc" P A P = f -  DH a 
5. Second S l o t  Entrance 

same* as l o c a t i o n  1. 

6. Second S lo t  F r i c t i o n  Loss 

Same* as l o c a t i o n  2. 

Where : 

AP = pressure  drop, p s i  

P = Na dens i ty ,  l b / f t  3 

V = v e l o c i t y  i n  s l o t ,  f p s  

g = a c c e l e r a t i o n  of  g r a v i t y  
= 32.2 f t / s e c 2  

K = ent rance  c o e f f i c i e n t  
0.50 f o r  s i n g l e  sample 
0.47 f o r  t r i p l e  sample 

f = f r i c t i o n  f a c t o r  (Moody) 

L = l eng th  of s l o t  

D = hydraul ic  diameter 
H - 4 (Flow Area) 

(Wetted Perimeter  ) 

AV = change i n  v e l o c i t y  

- 

= v-vc 

Vc = Cross-over v e l o c i t y  

V = vel .  i n  t r a n s i t i o n ,  f p s  
X 
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INSERT WITH 3 SL 
(LOW VELOCITY) 

INLET 

INSERT WITH 1 SLOT 
(HIOH VELOCITY) 

THERMOCOUPLE 

OUTLET 

276-6 

FIGURE E-2 HOT LEG SAMPLE HOLDER - PRESSURE DROP LOCATsONS 
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INLET 

REMOVABLECAP 

INSERT WITH 3 SLO 
(LOW VELOCITY) 

TS 

*THERMOCOUPLE 

OUTLET 

276-36 

FIGURE E-3 COLD LEG SAMPLE HOLDER - PRESSURE DROP LOCATIONS 
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7. 

8.  

Second S l o t  Ex i t  Loss 

v2 P AP = - (-) 
2g 144 

Hot l e g ,  Second S l o t  Di f fuser  Losses,  
r 1 

+ vx2 + f ( L / D ~ )  vd 
A P  = 

2 65 
P' 

144 
- 

change i n  ve loc i ty ;  
v-vx 

average v e l o c i t y  i n  
d i f f u s e r ,  f p s  

9. Cold Leg S l o t  Entrance.  

Same" as l o c a t i o n  I., 

10. Cold Leg S l o t  F r i c t i o n  Loss. 

Same* as  l o c a t i o n  2., 

11. Cold Leg S l o t  Ex i t  Lo:rs. 

Same" as l o c a t i o n  7. 

- - - - - - _ - - - - -  
"Same" i n d i c a t e s  i d e n t i c a l  equat ion but  v e l o c i t i e s  and c o e f f i c i e n t s  a r e  

evaluated f o r  l o c a l  condi t ions .  

" 

Flow a r e a s  and v e l o c i t i e s  used i n  the  eva lua t ions  a r e  i temized below: 

Location 

One s l o t  - with samp1.e 
without  sample 

F o i l  s l o t  - with sample 
without sample 

Flow Area Veloc i ty  --- 
(Q T & 1 gpml 2 

i n  fPS 

0.0207 
O.OL20 

0.0210 
0.023 5 

Three s l o t s  - with sample 0.062 
without, sample 0.1.25 

31.4 
15.5 

31.0 
27.6 

10.5 
5.2 

Cross-over (average)  0.1.41 4.6 

T r a n s i t i o n  preceding Diffuser  0.0342 19.0 

Di f fuse r  (average)  0.0482 13.5 
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RESULTS 

The r e s u l t s  of eva lua t ing  t h e  loop  pressure  drop a t  f i v e  flow r a t e s  under 

t h e  f irst  two ( tempera ture)  condi t ions  and a t  one flow r a t e  f o r  tile t h i r d  

cond i t ion  (sample l o s s  o r  d e p o s i t )  described above a r e  presented i n  both 

t a b u l a r  and g raph ica l  form. The t a b l e s  provide r ep resen ta t ive  numerical 

r e s u l t s  and the  f i g u r e s  provide g raph ica l  r ep resen ta t ion  of a l l  t h e  evalu- 

a t i o n s  made. The fo l lowing  i temized l i s t  of  condi t ions  and corresponding 

t a b l e s  and f i g u r e  numbers i s  provided f o r  more r ap id  i d e n t i f i c a t i o n .  

Analysis 
Condition 

Condition Table F igure  
Number Number Number 

Ind iv idua l  Sample holder AP (0.5 gpm) 1 El E-4 to E-7 
and E-9 

Loop AP a t  ope ra t ing  cond i t ions  ( 5  flow r a t e s )  1 E2 E-4 

Same without samples 1 E 3  E-5 

Isothermal Loop AP @ 700 F ( 5  flow r a t e s )  2 E4 E-6 

Same without samples 2 E5 E-7 

Hot l e g  dep le t ion ;  cold l e g  d e p o s i t s  (0.5 gpm) 3 E6 E-9 

Table E l  provides a breakdown of t h e  pressure  drops wi th in  each of t h e  seven 

sample holders  a t  0.5 gpm flow and a t  ope ra t ing  temperature. 
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TABLE E l  

SAMPLE HOLDER PRESSURE DROP - SAMPLES INSTALLED - 0.5 FLOW 

H 1  Sample Holder - 1000 F 

Entrance (1) 0.085 p s i  
F i r s t  s l o t  f r i c t i o n ( 2 )  0.500 
Second s l o t  entrance(5) 0.320 
Second s l o t  f r i c t i o n ( 6 )  3.460 
Second s l o t  e x i t ( 7 )  0.980 

H 1  TOTAL ‘7.965 p s i  

Exi t  (8 ) -- ;? .620 

H2 Sampl-e Holder - 1100 F 

Entrance( 1) 0.091 p s i  
F i r s t  SI-ot f r i c t i o n (  2 )  0.510 
Second :;lot entrance ( 5 ) 0,319 
Second s l o t  f r i c t i o n ( 6 )  3.480 
Second d o t  e x i t ( 7 )  0.980 
E x i t ( 8 )  - 2.620 

H2 TOTAL 8.000 p s i  

- 

- NOTE: F i r s t  s l o t  e x i t ,  and cross-over were negl ig ib le  f o r  both holders. 

H3 Sample Holder - 1200 F H3R Sample Holder - 1200 F 
Entrance (1) 0.810 p s i  

Cross-over(4) :L. 200 

F i r s t  s l o t  f r i c t i o n ( 2 )  3.500 
F i r s t  s l o t  e x i t  (3 ) 0.520 

Second s l o t  en t rance(5)  0.600 
Second s l o t  f r i c t i o n ( 6 )  3.500 
Second s l o t  e x i t ( 7 )  0.240 
E x i t ( 8 )  -- 2.360 

H3 TOTAL 12.730 p s i  

Entrance (1) 0.085 psi 
F i r s t  sl.ot f r i c t i o n (  2 )  0.500 
F i r s t  s l o t  e x i t ( 3 )  0.320 
Cross-over(4)-(Negligible) - 
Second s l o t  entrance( 5 )  0.940 
Second :;lot f r i c t i o n ( 6 )  3.420 

Exi t  ( 8 )  2.300 
Second :;lot e x i t ( 7 )  0.220 

H3R TOTAL 7.785 p s i  

- C 1  Sample Holder - 1100 F 

Entrance (9)  0.090 p s i  Entrance(9) 0.090 p s i  
Second s l o t  f r i c t i o n (  10) 0.510 Second s l o t  f r i c t i o n ( l 0 )  0.500 
Exi t  (11) -- om Exi t  (11 ) 0.140 
C 1  TOTAL 0.740 p s i  C2 TOTAL 0.730 p s i  

- C2 Sample Holder - 1000 F 

C 3  Sample Holder - 700 F 

F i r s t  s l o t  f r i c t i o n ( 2 )  0.478 

Second KLot f r i c t i o n ( l 0 )  0.478 

C 3  TOTAL 1.480 p s i  

Entrance I: 1 ) 

Cross-over(3,4, 5 )  0.334 

Exi t  ( 11 ) 0,110 

0.080 p s i  

m: The po ten t i a l  pressure drops not itemized i n  C 1 ,  C2, and C3 were 
negl ig ib le  f o r  t h i s  flow. 

TOTAL LOOP AP - m2 p s i  
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TABLE E2 -- 
------------- PRESSURE DROP W E N  FLOW I S  MEASURED AT 700 F 

AND SAMPLE HOLDERS ARE AT O E R A T I N G  BMPERATURES 

FLOW. QD m 
S a m D l e  Holder 
H1 - 1000 F 
H2 - 1100 F 
H 3  - 1200 F 
H3R - 1200 F 
C 1  - 1100 F 
C2 - 1000 F 
C3 - 700 F 
TOTAL LOOP AP, p s i  

2 (, 96 7.96 
3 ,, 02 8.00 
4.40 12.73 
2,,85 7.79 
-I.-- 0.74 

0.73 
Ju.2 1,18 
13.72 39.43 

--.-- 

11;. 72 
15.00 
25.00 
1:). 60 

I.. 29 
1.. 27 

2.L- *' 65 * 
73 53 

- 1.0 

28.30 
28.80 
51.00 
26.62 
2.49 
2.45 -La 

144.94 

1.3 

50.40 
51.20 
87.00 
44.00 
4.03 
3.96 

248 . 99 
AdL2 

The ca lcu la t ions  of pressure drops through the  l o o p  with the  samples re- 

moved from the sample holders a re  tabulated and presented i n  Table E3. 
ca lcu la t ions  were made under the  same flow and temperature conditions as  

those f o r  Itsamples installetd".  Refer t o  Figure E-5 fo r  plotted curves on 

It samples removed" conditioris. 

The 

TABLE E2 

*ME AS TABLE E2 EXCEPT SAMPLES ARE REMOVED 

FLOW.- 
Sample Holder 
H 1  - 1000 F 
H2 - 1100 F 
H 3  - 1200 F 
H3R - 1200 F 
C 1  - 1100 F 
C2 - 1000 F 
C 3  - 700 F 

TOTAL LOOP AP, 

0.54 
0.56 
0.78 
1.39 
0.02 
0.02 
La 

P s i  3.34 

1.44 
1.47 
2.16 
4.04 
0.06 

0,10 
0.05 

9.32 

-- 0.7 

2.70 
2.75 
4.25 
7.10 
0.11 
0.10 - 0.17 

17.18 

- 1.0 

5.15 
5.24 
8.66 

13.93 
0.21 
0.20 
0.31+ 
33.73 

9.10 
9.30 

14.30 
23.00 
0.34 
0.33 
0.55 
56.92 

With the e n t i r e  loop isothermal a t  700 F, the  pressure drops were calculated 

by applying a veloci ty  (dens i ty)  correct ion t o  the pressure drops given i n  

Tables E2 and E3. These ca lcu la t ions  a re  tabulated i n  Table E4 and plotted 

i n  Figure E-6 f o r  "samples in s t a l l ed"  conditions and Table E5 and Figure 

E-7 for tlsamples removed'l conditions. 
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TABLE E 4  

-- LOOP ISOTHERML AT 700 F -- SAMPLES INSTALLED 

FLOW, Rpm 

Sample Holder 
H 1  
H2 
H 3  
H3R 
c1 
c2 
c3 
TOTAL LOOP AP, pei 

2.82 7.57 
21.82 7.57 
4, 04 11.70 
Z! .62 7.25 
-.--- 0.69 
-.--- 0.69 

A M  1.L8 
12 . 79 36.95 

- 0.7 

14.02 
14.02 
22.95 
1.2.50 

1 .21  
1 . 2 1  

68 . 56 
-2& 

- 1.0 

26.95 
26.95 
46.90 

2.33 
2.33 

24.45 

5.28 
135 19 

1.3 

47.90 
47.90 
80.00 
40 40 

3.77 
3.77 

8 . 0  
232.14 

- TABLE E5 

- LOOP ISOTHERMLL AT 700 F -- SAMPLES REMOVED 

FLOW. RP m !L2 0.5 - 0.7 L O  1.3 
Sample Holder 
H 1  
H2 
H3 
H3R 
c1 
c2 
c3 
TOTAL LOOP A P ,  p s i  

0.52 
0.52 
0.72 
l . 28  
0.02 
0.02 
!U 
3.11 

1.37 
1.37 
1.99 
3.72 
0.06 
0.05 - 0.10 

8.66 

2.57 
2.57 
3.90 
6.53 
0.10 
0.10 
0.17 

.15.94 
-- 

4.90 
4.90 
7.96 

12.80 
0.20 
0.20 

4,24 
31.30 

8.70 
8.70 

13.15 
21.15 

0.31 
0.31 
0.55 
52.87 

T o  ca lcu la te  the e f f e c t  of a deplet ion (corrosion)  of the  walls of the hot  

l e g  sample holders l o t s  and samples, and/or the  deposit ion of material  on 

the walls of the cold l e g  sample holder s l o t s  and samples, t he  pressure 

drops were recalculated w i t h  modified dimensions. 

deplet ion or deposit ion was of uniform thickness around the perimeter of 

the flow paeeage. 
E-8. 

I t  was assumed t h a t  the 

The r e s u l t s  a r e  shown i n  Table E 6  and plotted on Figure 

Figure E-9 shows the progressive plugging of a cold l eg  sample. 
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276-3 FLOW, GPM 

FIGURE E-7 CALCULATED ISOTHERMAL PRESSURE DROP WITHOUT SAMPLES 

183 



n 

SAMPLE 
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TABLE E 6  

PRESSURE DROP ( p s i )  8 0.5 gpm AS A FUNCTION OFMILS DEPLETIOb OF HOT LEG 

AND DEPOSITTON ON COLD LEG SURFACES 

1 MILS CHANGE 0 - 
Sample Holder 
H 1  - 1000 F 7.965 5.890 
H2 - 1100 F 8.000 6.1’75 
H 3  - 1200 F 12.730 10.770 
H3R - 1200 F 7.785 6.290 
C 1  - 1100 F 0.740 1.055 
C2 - 1000 F 0.730 1.008 
C3 - 700 F 1.480 2.035 

- 3 

4.092 
4.269 
7.280 
3.620 
2.002 
1.915 
3.801 

6 .- 10 - 

2.657 --- 
2.81’7 --- 
4.762 --- 
2.841 --- 
3.232 12.66 
3.087 11.31 
6.113 19.71 

L5 - 20 - 31 

--- 0.992 0.92 

--- 1.429 1.19 
--- 1.44 1.13 

1.068 1.00 --- 

--- 111.20 --- 
99.36 --- --- 

173.30 --- --- 

Note t h a t  i n  the case of the  cold l e g  samples C 1 ,  C2 and C 3  the  flow pass- 

ages become plugged when 23 mils deposit  has been made, and the pressure 

drop w i l l  have increased t o  i n f i n i t y .  

samples w i l l  have been l o s t  when 31 mils has been removed, however, the 

pressure drop w i l l  not change s i g n i f i c a n t l y  a f t e r  approximately 20 mils have 

been removed (and there i s  s t i l l  a t h i n  sample l e f t )  because the difference 

i n  hydraulic diameter i s  not cont ro l l ing  when the  flow passage has already 

become s o  la rge .  

For the hot l e g  samples, a l l  of the 
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APPENDIX F --- 
- REFERENCE DRAWINGS 

This  appendix conta ins  a l i s t  (see  p a r t s  l i s t s )  of a l l  General E l e c t r i c  

Company drawings t h a t  were required f o r  t he  f a b r i c a t i o n  and assembly of 

t h e  s i x  Sodium Mass Transfer  Tes t  Loops. Reproductions of a few of t he  

more p e r t i n e n t  o r  r ep resen ta t ive  drawings are presented he re in .  

q u i r i e s  concerning t h e  drawings should be d i r ec t ed  t o  the  General E l e c t r i c  

Company. 

A l l  in -  

The drawings and parts l i s t s  tabulated below a r e  presented i n  t h i s  appen- 

d ix :  

DRAWING NUmER 

932C218 and PL 

*197E782 e.nd PL 

197 E7 96 
1973797 

585D389 
693Cg49 
612D 57 3 
612D706 

932C133 

932C134 

932C135 

5534-1 (Al l ied  Engineering 
and Production Corp. ) 

TITLE 

Tes t  F a c i l i t y  Layout 

Tes t  Loop Assembly 

Elementary Diagram 

Elementary Diagram 

Heater (300 F A T )  

Heater (100 F A T )  

Sample Holder (H1 and H2) 

Sample Holder ( D e t a i l s )  

Sample Holder ( H 3 )  
Sample Holder (H3R)  
Sample Holder ( C l ,  C2, C 3 )  
Vacuum Dry Box 

* This  drawing i s  r ep resen ta t ive  of a l l  s i x  t e s t  loops  i n s o f a r  as design 

and conf igura t ion  i s  concerned. 

are t h e  ma te r i a l s  of cons t ruc t ion .  

The bas i c  d i f f e r e n c e s  i n  t h e  s i x  loops 
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PARTS Lm 

SODIUM TEST LOOP 

Drawing Number 1973782 

Item 
No. 

. _ ~  

1 

2 

3 

4 

9 

10  

11 

12 

13 

14 

1 5  

16 

17 

18 

19 

20 

21 

22 

23 

through 

Quantity 
Per 

Assembly 

1 

X 

X 

1 

1 

2 

1 

1 

2 

3 

1 

2 

1 

1 

2 

1 

1 

Nomenclature 

Frame 

Elementary Diagram 

Flow Diagram 

NOT USED 

E. M. Pump 

Heater 

Sample Holder 

Sample Holder 

Sample Holder 

Fintube 

Sample Holder 

Cooler 

Flow Meter 

Surge Tank 

Dump Tank 

Fintube 

Plugging' P la te  

Cold Trap 

Part  Number 
O r  

Drawing Number 

197E742G1 

197 E7 97 

693C840 

585D519G4 

585D389G1 

612D573C1 

932C133G1 

932C134G1 

693C843 P6 

932C135G2 

6 9 3 ~ 8 4 3 ~ 2  

655C498G4 

932ClllG2 

612D458G2 

88513 548P2 

885B 549P2 

693C846G2 
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Item 
No. 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Quantity 
Per 

Assembly 

2 

1 

2 

4 

AR 

AR 

AR 

12 

4 

2 

8 

1 

2 

PARTS LIST 

SODIUM TEST LOOP 

Drawing Number 1973782 

Nomenclature 

- 

Reducer 

Reducer 

Heater 

NOT USED 

Liquid Metal Bellows Valve, 
Globe, 150# 1000 F Sodium per vendor 
drawing D-42390, 2Tkg Cr, 1% Mo a l loy  
s t e e l  body, Wm. Powell Co., Cincin- 
n a t t i ,  Ohio - or  Equal 

F i l l e r  Metal, 1/16 d i a .  Type 316SS 
Wire 

F i l l e r  Metal, 1/16 d i a .  McKay 2Cr Mo 
o r  Equal 

F i l l e r  Metal, 1/16 d i a .  Type 309 
&Kay 25-12 o r  Equal 

90' Elbow, 
WP22 

Tee, 

Concentric Reducer, 1" x 31' Sch. 40 
ASTM A 234 Gr WP22 

90° elbow, 1" Sch. 40 ASTM A 234 GI' 
wP22 

Tee, 1" Sch. 40 ASTM A 234 G r  WP22 

Socket Weld Reducer, 9" x @ Sch. 40 
ASTM A 234 Gr UP22 

Sch. 40 ASTM A 234 G r  

Sch. 40 ASTM A 234 G r  UP22 
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Part  Number 
O r  

Drawing Number 

885B736P2 

88 5B7 63P2 

693C849G1 
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PARTS LIST 

Item 
No. 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

Quantity 
Per 

Assembly 

1 

1 

1 

5 

1 

1 

1 

2 

2 

1 

SODIUM TEST LOOP 

Drawing Number 1973782 

Nomenclature 

Pipe, $11 Sch. 40 x 1 5 ' ,  ASTM A 335 
G r  P22 

Nipple, 1" Sch. 40 x L " ,  ASTM A 335 
G r  P22 

Pipe, Sch. 40 x 5 ' ,  ASTM A 312 
Gr TP316 

90° Elbow, 
G r  WP316 

Sch. 40, ASTM A 403 

90° Elbow, 1" Sch. 40, ASTM A 403 
G r  WP316 

Concentric Reducer, 1" x Sch. 40, 
ASTM A 403 C r  WP316 

NOT USED 

Gas Valve, d Female,NPT, Hoke Inc. 
o r  Equal 

Swagelok Male Connection, Crnwford 
F i t t i n g  Co. or Equal - Cleveland, 
Ohio 

Swagelok Tee, Crawford F i t t i n g  Co. 
or Equal - Cleveland, Ohio 

I n e r t  Cas Line, Q 0.0. x 0.035 
(20 CA) Wall x 3 0 ' ,  l l f ~ r d  brawn 
Copper Tube 

NOT USED 

Part  Number 
O r  

Drawing Number 

Cat. #380M 

Cat. #810-1-4 

Cat. #810-3 



PARTS LIST 

---- SODIUM TEST LOOP 

Drawing Number 1973782 

-- 
Item 
No. 

50 

5 1  

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

Quantity 
Per 

Assembly -- 
1 

1 

1 

6 

1 

1 

6 

4 

2 

1 

2 

1 

3 

2 

Nomenclature 

-_-- -------- 
Blower, Aladdin E-X Size 9 ARGT 9 
Disc-Down, 600 QFM aga ins t  3" S.P. 
Constant Speed 240 V ,  60 cy. Motor 
Aladdin Heating Corp., San Leandro, 
Calif. - or Equal 

Auto-Damper Regulator, Brown 
Industrial Motor 115 V ,  60 Cy. 
Minneapolis-Honeywell Co. - or Equal 

Cooling A i r  Ducts 

Dry Box Seal 

Support 

Support 

Spring Supports 

Cooler Cover 

Cooler Cover 

NOT USED 

Insu la to r  

Bushing 

Hanger 

Spring Hanger, Fig247 Size 2 ,  
Gr inne l l  Co. Cat. #54 or  Equal 

Hanger Rod, Fig140 3/8 x 8" l g .  
Grinnell  Co. Cat. #54 o r  Equal 
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Part  Number 
Or 

Drawing Number 

Cat . #801D6K- 
98-60 

612D608G1 

885B559Gl 

612D614G1 

612 D614G2 

612D614G3 

612D614P10 

612D61LPll 

612D614P5 

612D614P6 

612D61LP16 

t 



PARTS LIST -- 

Item 
No. 

65 

66 

67 

68 

69 

70 

7 1  

72 

73 
through 

75 

76  

77 

78 

79 

--- 
Q u a n t i t y  

Per 
As se mbly 

1 

1 

1 

60 

AR 

AR 

1 

1 

2 

1 

1 

SODIUM TEST Loop 

Drawing Number 1973782 

Nomenclature 

Hanger Rod, Fig140 3/8 x ;%I1 l g .  , 
Grinne l l  Co. Cat. #54 or ISqual 

Eye Rod, Fig248 3/8 x 8'' :Lg., 
Grinne l l  Co. Cat. #54 or Equal 

Hanger Rod, Fig140 3/8 x :L4I1 l g .  
Gr inne l l  Co. Cat. #54 or  Equal 

Shie ld ing  Bricks, 2 x 4 x 8, c a s t  
l e a d  

Brazing Alloy, 1/13 d i a .  Easy-Flo #3 
or  Equal 

Flux, Hand Flux or Equal 

Bridge, See D e t a i l  

Heater P ro tec t ion  S t r i p ,  0.015 
(28 G A )  x 3" wide x 5 0 ' ,  TP. 304SS 
Sh. 2 B  Fin. 

NOT U S E D  

Keystone Wireway, General E l e c t r i c  
Supply Corp. or Equal 

WWonnector ,  General E l e c t r i c  Suppls 
Corp. or Equal 

Closing P l a t e ,  General E l e c t r i c  
Supply Corp. o r  Equal 

NOT USED 

P a r t  Number 
O r  

Drawing Number 

Cat. #KFW445 

Cat .  #KFUC 

Cat. #KFCP 
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PARTS LIST ---- 

----- SODJUM TEST LOOP 

Drawing Number 1973782 

Item 
No. 

--- 
80 

81 

82 

83 

8.4 
through 

87 

88 

89 

90 

91 

92 

93 

9.4 

95 
96 

9’1 

98 

99 

100 
_____- 

---- 

Quanti ty  
Per 

Assembly 

AR 

AK 

AK 

A H  

33 

1 

1 

1 

1 

1 

1 

”) 
e-- 

I 

1 

1 

1 

1 
- 

Nomenclature 

Wire, 600 V Flamenol #18 Stranded AWC 

Wire, 600 V Flamer101 #lO AWG ( s o f t )  

Wire, 600 V Flamenol #12 AWG 

Wire, 600 V Flamenol #14 AWG 

NOT USED 

Thermocouples 

Heating Element 

l k a  t i n g  Element 

Het i  t i n g  Element 

Hea tirig Element 

IIea t i t i f :  Element 

Hes t i n g  Element 

lie9 t i  riy. Element 

Heti t i n g  Llement 

Ilea t i n g  Element 

ilea t i n g  Slenient 

Hen Ling Element 

Heti t i n g  Element 

Par t  Number 
Or 

Drawing Number 

SI-58175 

SI -5 817 5 

S r -58175 

S I -58175 

885B776G1 

9 3 Zc 2 09P1 

932c 2 OOP2 

433C20OP3 

cj32C2rKIP4 

33c?C20OP5 

53  2C2 00P6 

9 3 2c2 OOW 

(232~2 0 0 ~ 8  

93 2UOOP9 

532C200P10 

‘13 2c2 O O P l l  

0 3 :’C 2 I~lP12 



PARTS LIST ---- 

b 

--. 

I tem 
No. 

101  

102 
through 

104 

105 

106 
through 
109 

110 

111 

112 
through 

115 

116 

117 

118 

119 

120 

--- 

---_ 
Quanti ty  

Per 
As s e  mbly 

7 

1 

1 

1 

12 

8 

14 

12 

3 

.---- 

- SODIUM TEST LOOP 

Drawing Number 19’73782 

Nomenclature 

~ ~~ ~ 

Heating Element 

NOT USED 

Heating Element 

NOT LJSEb 

Transformer, Type S1 - 1 cy, 240/480 
120/2f+O V ,  37$ KVA Hevi-duty 
E l e c t r i c  Co., Milwaukee, Wisconsin 
o r  Equal 

Combination S t a r t e r ,  NEMA Size 4 
General E l e c t r i c  Co. o r  Equal 

NOT USED 

Uniclamp, Uniclamp Inc . ,  Glendale, 
C a l i f .  o r  Equal 

Uniclamp, Uniclamp Inc. ,  Glendale, 
C a l i f .  o r  Equal 

Uniclamp, Uniclamp Inc. ,  Glendale, 
Cal i f .  o r  Equal 

Uniclamp, Uniclamp Inc  e , Glendale,  
C a l i f .  o r  Equal 

Uniclamp, Uniclamp Inc, ,  , Glendale, 
Calif. o r  Equal 

~ 

Part Number 
Or 

Drawing Number 

932C200P13 

932C200P17 

Cat. # 
D-44880A 

Cat. # 
CR7008F100A2AA 

302-6 

302-8 

302-11 

302-17 

302-22 



---- PARTS Lm 

Item 
No. 

121 

122  

123 

124 

12 5 

126 

127 

128 

-- 
Quantity 

Per 
As s e mbly 

2 

2 

3 

3 

18 

18 

18 

5 

SODIUM TEST LOOP 
Drawing Number 1973782 
--- 

Nomenclature 

Screw Hex. Head, 4-20 x 3/4 lg. 
S t l .  Cad. P1. 

Washer, 9/32 I . D .  x 3/4 O.D. x 
1/16 Thk., S t l .  Cad, P1. 

Screw Hex. Head, 3/8-16 x 3/4 lg .  , 
S t l .  Cad. P1. 

L. Washer f o r  3/8 Screw, S t l .  Cad. 
P1. 

Screw Hex. Head, &-13 x 1+ lg .  , 
S t l .  Cad. P1. 

Nut Hex. *-13 Std., S t l .  Cad. P1. 

L. Washer for 9 Screw, S t l .  Cad. P1. 

Nut Hex. 3/8-16 Std., S t l .  Cad. P1. 

Par t  Number 
O r  

Drawing Number 

n 
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