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ABSTRACT 

Three types of frozen-seal  "valves" were t e s t e d  f o r  possible use i n  

t he  MSRE. The s e a l  was melted by d i r e c t  r es i s t ance  heat ,  by induction 

heat,  and by clamp-on Calrod heat.  The frozen s e a l  was made i n  a pre- 

formed r e s t r i c t i o n  sect ion of a standard piece of pipe by a cooling-gas 

j e t  stream d i rec ted  a t  t he  r e s t r i c t i o n .  Al l  t h r ee  valves performed s a t i s -  

f a c t o r i l y  through 100 t e s t  cycles. The Calrod-heated valve was se lec ted  

f o r  MSRE use on t h e  bas i s  of s impl ic i ty  of design and of operation. Two 

of t he  valves a r e  successful ly  undergoing fu r t he r  t e s t s  on t he  MSRE 

Engineering Test Loop. 





IPITRODUCTI ON 

A t  the  beginning of the  Molten S a l t  Reactor Program a proven, re l iab le ,  

mechanical valve was not available;  moreover, it was decided t h a t  a develop- 

ment program f o r  such a valve would not be undertaken a t  t h a t  time. Past  

experience indicated some success with a freeze-plug type llvalve," and a 

short  evaluation program was i n i t i a t e d .  Three types were tes ted  i n  valve 

t e s t  stands by using reactor-quali ty s a l t  a t  1100 t o  1200°~, and a l l  th ree  

types proved sa t i s fac tory  f o r  holding pressures up t o  60 psig.  Each valve 

was frozen and melted 100 times. There were no e l e c t r i c a l  or  mechanical 

f a i l u r e s .  Additional experience was gained through operation of the  valves 

incorporated i n  the  Engineering Test Loop i n  Building 9201-3. 

TEST EQUIPMEPIT 

Two t e s t  stands were b u i l t  which were iden t ica l  except fo r  the valve 

bodies and auxi l iary  heating equipment f o r  each valve. A description of 

one t e s t  system w i l l  apply t o  both. 

Figure 1 shows t h a t  the  system (including the  valve) was ve r t i ca l l y  

mounted. The t o t a l  volume of the  system was 5.6 ga l .  The sump tank was 

made of 6-in. sched-40 Inconel pipe and had a volume of 2.2 ga l .  A 3/8-in. 

sched-40 Inconel pipe connected the  sump tank t o  the  1-1/2-in. INOR-8 valve 

body by means of a 3/8- t o  1-1/2-in. INOR-8 b e l l  reducer. The connection 

from the valve body t o  the  head tank was by s imilar  means. The head tank 

was made of 6-in. sched-40 INOR-8 ;  the  volume of t h i s  tank was a l s o  

2 .2  gal .  

Sa l t - l eve l  indicators  were of the  contact probe type and signaled by 

means of control-panel-mounted l i g h t s .  

The molten s a l t  was moved from the  lower t o  the upper tank by means 

of gas pressure. Helium was used for  t h i s  purpose and t o  provide an i n e r t -  

atmosphere blanket f o r  the  s a l t .  A su i tab le  gas regulating and venting 

s t a t i on  was provided f o r  t h i s  purpose. The system was vented t o  the  atmos- 

phere through a CWS f i l t e r .  



Fig. 1. Test Stand with Resistance-Heated Valve in Place. 



Variac-control led heat  was appl ied  t o  t h e  tanks and piping by means 

of Calrod and clamshell hea te r s .  Average power required  t o  maintain 1100 

t o  1 2 0 0 ~ ~  i n  t h e  system was 4.5 kw. 

Coolant used f o r  t h e  f reeze  cycle was p l a n t  a i r  o r  fan-forced room 

a i r  blown across  t h e  a rea  of t h e  valve t o  be frozen.  The f reezing tem- 

pera ture  of t h e  s a l t  was 800 t o  8 5 0 ' ~  a s  measured by ex te rna l ly  a t tached 

thermocouples loca ted  1-112-in. above and 1-112-in. below t h e  cen te r  of 

t h e  valve. 

Analysis of the  MSRE-type s a l t  added t o  t h e  valve t e s t  was a s  follows: 

w t  $ ppm 

U Th Li Be Z r  F N i  C r  Fe ------ --- 
5.45 6 .21 9.74 4.61 13.3 b a l  35 140 355 

TEST CYCLE 

The procedure used f o r  valve t e s t s  was a s  follows: 

1. Maintain t h e  average loop temperature above t h e  melting 

po in t  of t h e  s a l t ,  with s a l t  i n  t h e  sump tank. 

2. Close the  equalizing valve a t  t h e  gas regula t ing s t a t i o n  

and apply approx 8 p s i g  of helium t o  t h e  sunrp tank. 

Vent t h e  head tank and allow s a l t  t o  r i s e  t o  the  lower 

ind ica t ing  probe i n  t h e  head tank (approx 600 cc of 

s a l t  ) . 
3. With zero s a l t  flow, t u r n  on 50 t o  60 cf'm of a i r  

(approx 6 lb/min) t o  the  freeze-plug a rea .  Maintain 

t h i s  a i r  flow f o r  1 0  t o  1 5  min t o  f reeze .  

4. Reduce a i r  flow t o  7 t o  1 0  cfm t o  maintain plug. 

5. Apply 60 p s i g  of gas t o  the  head tank and maintain 

t h i s  pressure  u n t i l  system temperatures reach equ i l ib -  

rium. 

6. Vent t h e  overpressure, equalize head and sump-tank 

pressure,  and t u r n  o f f  cooling a i r .  

7. Apply power t o  the  freeze-plug a rea  and melt t h e  s a l t .  

Melt -out i s  indicated  by the  head-tank probe l i g h t .  



8. Turn off  heat  t o  t h e  plug area;  al low s a l t  t o  run by 

g r a v i t y  t o  t h e  swrrp. 

9. Repeat cycle.  

The s i z e  of t h e  frozen a r e a  of s a l t  w a s  e s t ab l i shed  by c o n t r o l l i n g  

t h e  flow of coolant  and by ad jus t ing  t h e  hea t  appl ied  t o  t h e  valve body on 

each s ide  of t h e  plug. A p o s i t i v e  s e a l  appeared t o  be a plug approx 

3 i n .  long including t h e  t r a n s i t i o n  zone. 

DESCRIPTION OF TEST VALVES 

Direct-Resistance Valve 

Figure 2 shows the  d i rec t - res is tance-heated  t e s t  valve. Table 1 l i s t s  

p e r t i n e n t  data  on t h e  const ruct ion of t h i s  valve. 

Table 1. Construction Features of Direct-Resistance Valve 

Material  Sched 40, 1-112-in. INOR-8 pipe 

R e s i s t i v i t y  120 p ohm/cm a t  room temperature 

Power lugs  Outboard lugs  of 118-in. n icke l  p la te ,  cen te r  

l u g  118-in. INOR-8  p l a t e  a t  p ipe  t o  118-in. 

n ickel  p la te ,  3-114 i n .  x 8 i n .  

Over-all  l eng th  1 4  in .  between outboard lugs  

Cooling tube 2-in. -OD x 1116-in. -wall Inconel tube 

Power Center tapped, 1 v o l t ,  2000 amp t o  each 

outboard lug--4 kw t o t a l  

Power cable 1 MCM bra ided copper ( four  required  from 

lugs  t o  transformer)  

The freeze-plug zone was cold formed i n  a press  and j i g  t o  make a 

1 shaped flow r e s t r i c t o r  i n  t h e  p ipe .  The dimensions of t h e  
0 

i n s i d e  of t h e  p ipe  a f t e r  compression were 112 x 2-114 i n .  with a 40 

included angle of approach and discharge. The center- tap  l u g  was formed 

and welded t o  and around the  p ipe  r e s t r i c t i o n ,  then enclosed i n  t h e  cool- 

a n t  tube. 



Fig. 2. Resistance-Heated Valve. 



Induction-Heated Valve 

Figure 3 shows t he  induction-heated valve. Table 2 l i s t s  pe r t inen t  

data  on construction of t h i s  valve. 

Table 2. Construction Features of Induction-Heated Valve 

Material 1-1/2-in. sched-40 INOR-8 pipe 

Over-all length 6 i n .  

Power 12-kw, 450-kc spark-gap generator 

Power connection 1/4-in. 0.035-in. -wall, copper tube, water 

cooled 

Coil 12-turn U-shaped c o i l  made of 1/4-in. 

square copper tubing, spaced 1/16 in .  

apar t  

The freeze-plug zone was cold formed t o  make a f l a t ,  2 in .  long with 
0 

a 20 angle of approach and discharge. The f l a t s  were formed on opposite 

s ides  of t he  pipe t o  make a shaped flow r e s t r i c t o r .  Ins ide  

dimensions were 1/2 in .  x 2-1/4 in .  x 2 i n .  long. The induction c o i l  was 

formed t o  permit p r e f e r en t i a l  heating toward t he  outer  edges of t h e  f reeze  

plug and t o  f i t  over the  2-in. pipe f l a t .  No p a r t  of t he  heating c o i l  was 

at tached t o  o r  touching the  pipe. The c o i l  occupied 6 i n .  of pipe length  

and was at tached t o  t he  generator by standard brass  tubing f i t t i n g s  and 

1/4-in. copper tube. Water cooling of the  generator and heating c o i l  was 

required when the  generator was i n  operation. 

The f reeze plug was formed by d i rec t ing  control led a i r  flow i n  a 1 - in .  

pipe between the  heating c o i l s  t o  each of t he  f l a t s .  The a i r  nozzles were 

spaced 6 i n .  from the  valve. Two methods of supplying cooling a i r  were 

employed: low-pressure a i r  from a cen t r i fuga l  blower piped t o  each valve 

f l a t  with a 2-in. hose and high-pressure building a i r  piped through a 

regulator  and rotameter t o  each of t he  valve f l a t s  with a 1 - in .  pipe.  



Fig. 3. Induction-Heated Valve wi th  Co i l  i n  Pos i t i on .  



Calrod-Heated Valve 

The Calrod-heated valve was made up a t  t he  completion of the  induction- 

heated valve t e s t .  The same f l a t t ened  pipe  sect ion (2-in. f l a t s )  was used 

by simply removing t he  induction c o i l  and clamping a 1000-w 1500 '~  Calrod 

t o  each f l a t .  The 24-in. Calrods were bent i n t o  6-in. long W-shaped u n i t s  

and clamped onto the  pipe. The f i n a l  forming was done by heating the  

Calrod and tamping it i n t o  place t o  make a close f i t  t o  the  pipe. Power 

was controlled by a panel-mounted Variac. Cooling was accomplished by 

blowing a i r  across the  f l a t s  i n  the  same manner a s  was used f o r  t he  induc- 

t i o n  valve. 

Figure 4 shows the  valve. Thermocouples f o r  the  t e s t  were ex te rna l ly  

welded t o  the  valve. One thermocouple was centered on t he  broad face  of 

the  2-in. f l a t ,  one was spaced 1-112 in .  above, and one was spaced 1-112 i n .  

below the  center.  

FG3SULTS OF TEST-VALVE OPERATION 

Resistance -Heated Valve 

The valve was cycled 100 times without incident.  A curve of melt 

time vs power input i s  shown on Fig. 5a. Figure 5b shows heat  removal vs 

volume r a t e  of cooling a i r  across t he  freeze-plug area .  A flow of approx 

8 s c f i  was required t o  maintain the  plug. 

After t es t ing ,  t he  valve was removed from the  loop f o r  examination. 

The general appearance of the  valve was normal. 

Induction-Heated Valve 

The valve was cycled 100 times without d i f f i c u l t y  and with no 

apparent damage t o  the  pipe. The average melt time was 35 sec a t  12 kw. 

Freeze time sms 10  t o  1 5  min with 50 t o  60 cfm of a i r .  A flow of approx 

8 scfm was required t o  maintain the  plug. 



Fig. 4. Calrod-Heated Valve. 
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Calrod-Heated Valve 

The Calrod-heated valve was cycled 100 times with no d i f f i cu l ty .  

Figure 5a shows the  melt time vs power input.  The average melt time was 

3 min with 1.6 kw input. Again, an a i r  flow of approx 8 scfm was required 

t o  maintain the  plug. The maximum Calrod sheath temperature a t ta ined  i n  

3-112 min was 1 3 0 0 ~ ~ .  No severe oxidation was apparent on the  heating e le -  

ment. 

DISCUSSION OF TEST-VALVE IIiSTALLATION AND OPERATION 

All  the valves t e s t ed  performed sa t i s f ac to r i l y ,  with adequate f reeze 

and thaw times. However, the expense and complexity of the  associated 

equipment and the  operating procedures d i f fe red  widely with the  various 

types of valves. 

The problems associated with using a high-current - low-voltage source 

of power would make the  direct- res is tance valve cumbersome f o r  use i n  a 

reactor  system. To obtain reasonable operating voltage, a long piece of 

pipe was required between the  e l e c t r i c a l  connections. This added length 

required auxi l i a ry  heat  during the  freeze cycle t o  prevent formation of an 

excessively la rge  plug. It was necessary t o  tu rn  off  these heaters  

(two 1000-w ~ a l r o d s )  during the  melt cycle t o  prevent burnout when the  

direct- res is tance heat  was applied. 

The induction-heated valve, although much f a s t e r  than the others, 

required an expensive high-frequency generator (455 kc) .  

The valve heated with clamped-on Calrod heaters  appeared t o  be the  

bes t  of the  three  types of valves tes ted .  It has the  advantage of s t ruc-  

t u r a l  and e l e c t r i c a l  s impl ic i ty  with adequate freezing and melting times. 

The two thermocouples located away from the  center of the valve i n  

the Calrod-heated valve were useful  i n  determining the  frozen-plug s ize .  

Since the  thermocouples were located d i r ec t l y  i n  o r  close t o  t h e  cooling 

a i r  stream, they gave a r e l a t i ve  temperature reading only; however, once 

the  plug s i z e  and freeze point  had been established, the  thermocouple 

1-112 in .  above the  valve center was used a s  the  frozen-condition indicator .  



The use of a low-pressure cen t r i fuga l  blower t o  supply cooling a i r  

was abandoned due t o  t he  control  d i f f i c u l t i e s .  The losf ava i l ab le  pressure  

drop prohibi ted  r e s t r i c t i o n  of the  flow without a damper ccn t ro l  mechanism 

and required l a rge  a i r  leads  t o  the  valve. Proper s i z ing  of a blower with 

a variable-speed motor control  and an air-volume meter would have permitted 

s a t i s f ac to ry  operation. However, i n  the  absence of t h i s  con t ro l  the  frozen 

plug was too  l a rge  t o  permit reasonable melt times. 

The use of high-pressure bui ld ing a i r  through standard conbrols per-  

mit ted very c lose  control  of the  valve operation a s  well  a s  the  use of 

much smaller a i r  tubes t o  t he  valve f l a t s .  One-inch pipe was used f o r  t he  

a i r  tube during t h e  t e s t .  However, the  use of smaller (approx 1/2- in . )  

tubing was indicated.  An a i r  supply which permits the  use of small a i r  

ducts has the  advantages of simplifying the  control  problem t o  a g r ea t  

extent  and reducing t he  over-a l l  s i z e  of t he  valve assembly. 

DESCRIPTION OF VALVE INSTALLATION I N  ENGINEERING TEST LOOP 

The Calrod-heated valve was se lec ted  f o r  use i n  the  MSRE on t h e  ba s i s  

of the  previously described work and was incorporated i n t o  t he  ho t - s a l t  

MSFZ Engineering Test Loop located i n  building 9201-3. The valves were 

mounted hor izonta l ly  and or iented a s  shown on Fig. 6. 

The two valves were i den t i c a l  and were formed from 1-1/2-in. sched-40 

pipe by using t he  same j i g  (2-in. f l a t s )  a s  was used t o  form the  induction- 

heated development valve. The valves were heated by two 1000-w Calrod 

circular-wound hea te r s  a s  shown on Fig. 7, which a l s o  shows the  l oca t i on  

of the  coolant-a i r  nozzles. These nozzles were 1/2-in. copper tubing 

terminating 1 i n .  from the  valve f l a t s .  Coolant a i r  was supplied t o  t h e  

valves from the  building instrument a i r  system and was control led  by reg- 

u l a to r s  and rotameters. The reference temperature thermocouple was loca ted  

1 . 5  i n .  from the  center  of the  valve f l a t  (shown i n  Fig. 6 ) .  

The purpose of the  valve arrangement shown i n  Fig. 6 was twofold: 

(1) To provide a comon l i n e  from t h e  operating system t o  

the  f lush  dra in  tank o r  f u e l  d ra in  tank such t h a t  t he  

s a l t  flow could be d i rec ted  t o  o r  from e i t h e r  one tank 
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o r  t h e  other.  One valve o r  t h e  o the r  w i l l  be frozen 

a t  a l l  t imes depending upon t h e  operat ion.  

( 2 )  To ensure t h a t  s u f f i c i e n t  s a l t  would remain i n  t h e  

valve t o  make a p o s i t i v e  frozen s e a l  under a l l  con- 

d i t i o n s .  

The volume of t h e  operat ing system i s  such t h a t ,  when s a l t  i s  moved 

from e i t h e r  of t h e  d ra in  tanks t o  t h e  operat ing system, t h e r e  w i l l  always 

be s a l t  i n  the  valves  t o  make a sea l .  The surge p o t s  shown i n  Fig. 5a 

between t h e  valves and t h e  d ra in  tanks make it impossible t o  completely 

empty t h e  valves when draining t h e  c i r c u l a t i n g  system i n t o  t h e  tanks .  The 

surge-pot volumes a r e  such t h a t  t h e r e  i s  s u f f i c i e n t  r e s idua l  s a l t  i n  t h e  

valve body t o  form a sea l .  The valve bodies would d r a i n  completely were 

it not f o r  these  pots .  

FREEZE-VALVE OPERATION AND FESULTS I N  THE ENGINEERING TEST LOOP 

The valve t o  t h e  f l u s h  tank i n  t h e  Engineering Test  Loop was operated 

with coolant s a l t  ( L ~ F - B ~ F ~ ,  66-34 mole $I) through 40 cycles  without d i f f i -  

cu l ty .  After  approx 1300 h r  of operat ion t h e  i n i t i a l  melt appeared t o  

f a i l  t o  open t h e  l i n e ,  bu t  ind ica t ions  a r e  t h a t  t h e  d i f f i c u l t y  was a plug 

i n  t h e  l i n e  upstream from t h e  valve. Once t h e  d ra in  l i n e  vas c l e a r  t h e  

adjacent  valve, which had seen t h e  same operat ion conditions, operated 

normally. 

The average f reeze  time was 7.5 min and required  6 t o  7 scfm (approx 

0.5 lb/min) air  flow. Air flow required t o  maintain t h e  plug was approx 

3.5 scfm (approx 0.3 lb/min). The f reeze  cycle was accomplished with zero 

s a l t  flow i n  the  p ipe  i n  a l l  cases.  The frozen-plug length  a t  70o0F 

reference temperature was approx 3 i n .  

The melting time vs power input  curves f o r  t h i s  valve a r e  shown on 

Fig. 8. The d i f fe rence  i n  melt times between t h e  500 and 7 0 0 ' ~  steady- 

s t a t e  reference temperatures shows c l e a r l y  t h e  e f f e c t  of t h e  frozen-plug 

s i z e .  

An opera t ional  t e s t  was performed on t h e  Engineering Test  Loop t o  check 

the  operat ion of t h e  valves under a forced-drain condit ion.  The valve t o  
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t h e  f u e l  dra in  tank remained frozen while the  f lush-dra in  tank valve was 

melted. Five ps ig  of helium was impressed on the  c i rcu la t ing  system t o  

fo rce  the  s a l t  i n t o  t he  f lush-dra in  tank through the  valve. Gas flow was 

permitted t o  continue through t he  valve a t  the  completion of t he  draining 

operation a t  a r a t e  of 2.2 scfm helium. The gas flow was then shut off ,  

the  gas pressures were equalized between t he  d ra in  tank and the  pump, t he  

valve was frozen, and x-ray photographs were taken of the  valve assembly. 

The photographs indicated t h a t  su f f i c i en t  s a l t  remained i n  the  valves t o  

form a s ea l  ( ~ i ~ .  6 ) .  The valve proved t o  be l eak- t igh t  when gas pressure 

was reapplied. 

DISCUSSION OF VALVE OPERATIOTT I N  THE ENGINEERING TEST LOOP 

Operation of the  valves has been sa t i s fac to ry ,  with the  exception of 

the  one blockage t h a t  i s  believed t o  have been due t o  a plug i n  the  upstream 

l i n e  and not due t o  t he  valve design o r  operation.  

The lower cool ing-ai r  requirement f o r  these  valves compared with the  

e a r l i e r  valves i s  a t t r i b u t e d  t o  the  a i r  nozzle being only 1 in .  away from 

the  valve f l a t  and t o  t he  b e t t e r  a i r  flow t o  the  f l a t  t h a t  i s  permitted by 

the  open-center winding of t he  Calrods. The surge pots  appear t o  be ade- 

quate t o  prevent the  valve from being blown empty during a forced d u q .  

The equalizat ion of gas pressures during f reezing i s  an important opera- 

t i o n a l  procedure f o r  two reasons: the  valve i s  d i f f i c u l t  t o  f reeze  with 

any movement of s a l t  due t o  d i f ferences  i n  gas pressure, and reverse gas 

flow j u s t  before f reezing could possibly leave a gas pocket i n  the  valve 

with s a l t  on each side.  

CONCLUSIONS AND RECOIQCENDATIONS 

The Calrod-heated valve i s  recommended because of i t s  s t r u c t u r a l  s i m -  

p l i c i t y  and the  s impl ic i ty  of t he  associa ted power and control  equipment. 

The Calrod u n i t  should be ro l l ed  i n  a t i g h t  c o i l  a s  shown i n  Fig. 7 r a the r  

than the  W-shaped u n i t s  a s  were used f o r  t h e  development valve. This i s  

t o  avoid shor t - radius  bends and t o  provide b e t t e r  a i r  flow. A s ing le  u n i t  



"horseshoed" around the  f l a t  i n  a manner s imilar  t o  the  induction c o i l  

shown on Fig. 3 would be desi rable .  This would reduce the  number of power 

leads  and make an ea s i l y  removable un i t .  

Cooling a i r  requirements w i l l  depend on c e l l  temperature and cooling 

a i r  temperature. Two volume r a t e s  a r e  required: a high r a t e  t o  make the  

i n i t i a l  freeze and a low r a t e  t o  hold the  f reeze .  

The holding flow r a t e  controls the  plug s i ze  and must be se lected and 

kept steady t o  prevent a meltout from heat  leakage due t o  i n su f f i c i en t  

cooling. Too much cooling w i l l  r e s u l t  i n  a l a rge  plug and consequent ex- 

cessive meltout time. The holding flow r a t e  should preferably be determined 

i n  the  f i e l d  s ince  it i s  dependent on c e l l  and cooling a i r  temperatures. 

Surge pots  having a r a t i o  of v e r t i c a l  l e g  volume t o  the  volume of the  

hor izontal  valve and pipe sect ion of 2, a s  shown i n  Fig. 5a, should be i n -  

s t a l l e d  t o  prevent the  valves from being blown empty. For a given system, 

operating procedures must be analyzed t o  determine the  loca t ion  of these  

pots .  

The use of high-pressure compressed a i r ,  r a ther  than low-pressure 

blower-supplied a i r ,  f o r  cooling i s  recommended because of e a s i e r  control ,  

smaller ducts, and smaller over-a l l  s i z e  of the  valve assembly. 

Recommended freeze-valve controls  a r e :  

1. Manual control  of power t o  Calrods and manual air-f low 

control .  

2 .  In ter lock t o  prevent heat  and cooling a i r  from being 

applied a t  the  same time. 

3. Once the  freeze temperature has been established, the  

center  thermocouple should be interlocked t o  switch 

automatically from high- t o  low-volume a i r  flow. 

4. A high-temperature (1500'~) cutout or  alarm located 

on the  Calrod sheath. 

5. An in te r lock  between a l iqu id- leve l  probe and the  

valve power input t o  prevent prolonged heating of 

the  Calrod. Once t he  melt i s  accomplished and the  

s a l t  i s  flowing, fu r ther  heat  i s  not needed. 



6. For a meltout, a s ingle  control  t o  close off  cooling 

air and apply power t o  the  valve a t  a prese t  r a t e .  

There must be no salt  flow through t h e  valve, o r  a f reeze cannot be 

accomplished. 

The author i s  indebted t o  many members of t he  Molten S a l t  Reactor 

Program fo r  t h e i r  contributions t o  t h i s  repor t .  Special  acknowledgment i s  

due D. Scott,  J. C .  Moyers, and J. L. Crowley f o r  t h e i r  advice and sugges- 

t ions .  

The d i rec t - res i s tance  valve was designed by J. L. Crowley; the  Calrod 

and induction-heated valve design was based on t h e  f i e l d  work done by the  

many predecessors i n  t h e  molten-salt f i e l d .  

The author wishes t o  express h i s  apprecia t ion t o  J. L. Crowley and 

W. H. Duckworth f o r  t h e i r  contribution i n  the t e s t i n g  of t h e  valves. 
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