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DESIGN AnrD OPEMTIBN OF A FORCED-CIRCULATION C 
TEST FACILITY (MSR-FCL-1) EMPLO HASTEELOY N 

ALZOY AND SODIUM FLUOROB 

w. R .  Runtley P. A. Gnadt 

ABS 

A forced-circulat ion Poop (MSR-FCL-E) was assembled and 
operated t o  evaluate  t h e  compatibi l i ty  of standard Hastelloy N 
with s odfm fluorob orat -sodium f luor ide  eutectic ( NaBF4=-8 
mole % NaF) coolant salt a t  operating condftions expected i n  

n-Salt  Reactor Exp Ban% c i r c u i t .  The salt 
velocity i n  1/2- n.-OD, 00042-dn0-waLl tub in  
10 f p s ,  Hastell y N C C X T Q S ~ O ~  specimens wer 
c i r cu la t ing  salt at temperatures of 950, SO30, and 1090°F. 
The test has operated more than 10,000 hr a t  these conditions 
and tests are continuing, This report  i s  mainly concerned 
with the design, f a b r i c s t i  2, and operati  n of the f a c i l i t y .  
Special  problems reEa%ed t accommodating t h e  BFa vapor pres- 
sure  of t h e  salt  were r solved, and t h e  sodium fluorobor&e 
demonstrated heat  t r a n s f e r  cha rac t e r i s t i c s  t h a t  @auld be 
approximated by conventional cor re la t ions  such as the Dit tus-  

w a s  nominally 
exposed t o  t he  

BoebteY. eqvLation neralPy decreased with 
QperBting %bE; st corrosion rate ob- 
served for  -%he P mens during a 2900-hr 
test i n t e r v a l  wa en% t o  0.0003 i n .  of uniform material 
removal per year .  

alt, corrosion, sodium fluoroborat 
ration, cen t r i fuga l  pump, mass tra 
unattended operation e 

% N~F) salt mixture i s  of 

as a coolan% Tor the E condzry circuit of molten-salt  reac tors  

f i t s  low cos t  (-$OoY3/lLb) and relatively l o w  meltfng point 

(725 O F )  

ous problems due t o  react ions between the salt  and %he proposed reac tor  

Screening t e s t s  in thermal-convection Poops' ind ica te  no seri- 

r ia l ,  Haste11 

J. W. Koger and A ,  Po  Litman, MSR Frogram Semiannu. Progr. Rep 
, o~m-aC396, p. 246. 
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The forced-c i rcu la t ion  loop described here  (MSR-FCL-1) represents  a 

more soph i s t i ca t ed  t es t  of t h e  compat ib i l i ty  of t h e  candidate salt and 

Hastelloy N .  

g rad ien t  was applied t o  t h e  system. The r e s u l t s  from t h i s  t e s t  w i l l  

assist i n  t h e  evaluation of t h e  corrosion r e s i s t a n c e  of t h e  Hastelloy N 

containment material and t h e  mass t r a n s f e r  i n t e r a c t i o n s  of t h e  contain- 

ment material and sa l t .  

separa te ly .  

High coolant v e l o c i t i e s  were used, and t h e  design thermal 

Detailed meta l lurg iea l  r e s u l t s  w i l l  be presented 

2 0  DESIGN AND FKBRICATION 

2 . 1  Design Criteria 

P 

The MSR-FCL-1 tes t  w a s  designed t o  eva lua te  t h e  use of sodium f luoro-  

borate2 sal t  i n  contact with Hastelloy N a l l o y  containment material a t  

conditions simulating t h e  secondary-coolant (high-temperature s i d e  of t h e  

steam generator) c i r c u i t  of molten-salt  r e a c t o r s .  

t e s t  w a s  t o  develop t h e  technology assoc ia ted  with t h e  new salt by using 

it i n  a r e l a t i v e l y  complex operating system. 

One objec t ive  of t h e  

The BF, vapor pressure of t h e  sodium f luorobora te  salt  i s  higher 

(e  I) g , 141 mm Hg a t  t h e  m a x i m u m  loop temperature of EO9O"F) than  t h e  

vapor pressure of other salts developed f o r  use i n  molten-salt  r e a c t o r s .  

Accommodating t h e  BF3 vapor pressure of t h e  salt a t  e leva ted  temperature 

i n  MSR-FCL-1 w a s  a major design problem, s ince  BF3 i s  a noxious gas and 

a design t o  provide adequate ventila-bion f o r  personnel p ro tec t ion  w a s  

requi red  

An e x i s t i n g  system design' w a s  used as a b a s i s  f o r  MSR-FCL-1. 

t r i f u g a l  pumps, a i r  blowers, e l e c t r i c a l  transformers,  and miscellaneous 

cont ro l  equipment used i n  previous corrosion tes ts  of t h i s  type  were 

Cen- 

2Unless otherwise ind ica ted  t h e  term sodium f luorobora te  w i l l  be 
used i n  t h i s  r epor t  t o  designate t h e  NaBF,-8 mole '$ NaF e u t e c t i c  mixture. 

3 5 .  L. Crowley, W. B .  McDonald, and D. L. Clark, Design and Opera- 
, ORNL-TM-528 



3 

avai lab le .  The reuse of $he ava i lab le  instrum n-L and cont ro l  design and 

the  ex i s t ing  equipment r e su l t ed  i n  a system of Eimfted f l e x i b i l i t y ;  how- 

ever, these  design features had been previously t e s t e d  and funds were 

only ava i lab le  f o r  minimum redesign and f ab r i ca t ion  of new equfpmen%. 

The hydraulic cha rac t e r f s t i c s  of t h e  ex i s t ing  pump were a spec i f i c  l i m i t -  

ing f a c t o r  on loop performance, 

The f a c i l i t y  w a s  o r ig ina l ly  designed t o  operate f o r  10,000 h r  and 

t o  provide a m a x i m u m  bulk f l u i d  salt temp ratme of E125°F, a bulk f l u i d  

75°F at a ve1ocfty f 7 l/4 fps  ( 3  gpm), and a t o t a l  hea% input 

of 94 kw. HOWeVeP,  the l O  p was not operated a t  t h  se conditions krter 
t h e  o r i g i n a l  design w a s  csmpP %e4 and befor 

complete, t h e  t es t  condf-bkms w e r e  changed t o  more nearly match t h e  t e m -  

p e r a t w e  p r o f i l e  of $he coolant circuit of $h 

the loop fabr ica t ion  w a s  

a@%or &Perf- 

This modification to program plans 

was a prelude to %he proposed intro&d@tion of sodium f luoroborate  i n t o  t h e  

secondary-eo l a n t  c i r c u i t  of t h e  MSRE. The tes t  f a c i l i t y  was operated a% 

a m a x i m u m  bulk f l u i d  temperatwe of 1090°F, a bulk f l u i d  AT of 140°F at a 

veEoefty of 10 fps  ( k ,  gpm), and a t o t a l  heat Lnput of 53 kW, 

>, which was then sp r a t i n g .  

r r s s i o n  specimens were introduced i n k s  t h  m a% appropriate  

loca t ions  %o obtain accw~AE weight changeg chemistry change, and metah- 

Isgraphic da ta .  

specified at approximately 2000-hr in t e rva l s .  Sal% samplfng a t  approxf- 

m ~ t e l y  500-hr i n t e rva l s  was spec i f ied  to permit chemfcal analyses nec- 

e% s ary  for chmacteri  z a t  i on 

opera$Pon, 

Periodic removal and reins r t i o n  of -&he specimens were 

f corrosion processes occurring during 

W-otective ins t rwen%a%ion and an aux i l i a ry  power supply were pro- 

vided fn an attempt eo prevent a c c i d e n t d  freezing f the salt  due to 

$088 of noma1 Beetr ical  supply o r  a pump stoppage. Originally t h i s  

pro tec t ive  system w a s  So be c ntfnuously monitored by f a c i l i t y  operators;  

however, evening ana night s h i f t  operator coverage w a s  discontinued 

during t h e  latter par$ of %he operating period, and $he f a c i l i t y  had tQ 
modified f o r  unattended op 
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2.2 General Design Information 

A s impl i f ied  schematic drawing of the tes t  loop i s  shown i n  Fig. 1, 

and an isometr ic  bawing of t h e  equipment i s  shown i n  Fig.  2.  A complete 

flowsheet i s  included as Appendix A,  Sodium f luoroborate  i s  discharged 

downward from the  salt  pump (model Lm) at  a temperature of 950°F and at  

a f l o w  ra . t eo f  4 gpm. 'The salt en te r s  t h e  first of two heat input  sec t ions  

and i s  heated t o  1030°F; flows over t h r e e  Hastelloy N meta l lurg ica l  speci-  

mens; continues through the second heat input sec t ion ,  where t h e  bulk 

f l u i d  temperature i s  increased t o  1090°F; and flows over t h r e e  addi t iona l  

meta l lurg ica l  specimens before being cooled i n  a heat exchanger t o  950°F. 
The cooled sa15 then flows over two more me-tallurgical specimens before 

re turning t o  the i n l e t  of the pump. 

The salt  inventory is s to red  f n  a sump tank  loca ted  below the primary 

piping system. 

salt  surfaces  i n  t h i s  tank and i n  %he pump t o  minimize salt contamination. 

A d ip  Peg i n  t h e  sump tank allows the Piquid salt  t o  be forced by helium 

overpressure i n t o  the. c i r cu la t ing  system. The sump tank i s  designed t o  

contain approximately twice the salt volume t o  be c i r cu la t ed .  A f reeze  

valve serves t o  i s o l a t e  the salt i n  the c i r cu la t ing  system from the  sump 

tank inventory. This valve cons is t s  of a cooling a i r  Pine i n s t a l l e d  

around the l /&- in .  -OD, 00035-in.  - w a l l  tubing connecting the sump tank  t o  

the c i r cu la t ing  system. Piping of the c i r cu la t ing  system i s  p r inc ipa l ly  

l /2- i i i0  -OD by 0 042-ina - w a l l  Hastelloy N tubing 

A high-puri ty  helium gas blanket i s  maintained above the  

m 

No d i r e c t  flow measuring equipment is provided i n  t he  c i r cu la t ing -  

salt system; provisions are made to measure the  flow ca lor imet r ica l ly .  

Three ca l ib ra t ed  Chromel-Alumel thermocouples are i n s t a l l e d  at  both t h e  

i n l e t  and e x i t  of one of the  hea ter  sec t ions .  

losses  from t h i s  sec t ion  8% severa l  tempera%ure l e v e l s  w i t h  no salt i n  

t h e  system, it i s  possible  t o  obtain t h e  net  e l e c t r i c a l  heat  input  during 

operat ion,  Flow rates @an then be ca lcu la ted  from t h e  ne t  e l e c t r i c a l  

power input and t h e  observed temperature rise i n  the salt as it passed 

through the  hea te r .  

By determining t h e  thermal 

Engineering parameters of t h e  system are shown f n  Table 1, and com- 

pos i t ion  and physical  p roper t ies  of sodium f luoroborate  are shown i n  

Table 2.  
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ORNL-DWG 68-2797R2 

SALT 
SAMPLE 

LINE AJUSTO SPEDE 

OPERATING 
PRESSURE 7 psig 

HEATER LUG (TYPICAL) 

950 OF’ 
FREEZE 

VALVE 

&+, 
c 

\VELOCITY 40 fps 
FLOW RATE - 4 gpm 

Fig. 1. Simplif ied schematic o f  molten-salt corrosion t e s t  loop. 
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Table 1. Selected ngineering da ta  fo r  MSR-FCL-I 
Based on actual operating conditions 

Materials, temperatures, and v e l o e i t i  

Tubing and specimens Standard Hastelloy N 
Nominal tubing s i z e  1/2 i n .  OD, 0.042 i n .  w a l l  
T o t a l  tubing 9 57 ft 
Bulk f l u i d  temperatiwe (mw) lo90 "F 
Bu lk  f l u i d  temperature (min) 950 "F 
Bulk f lu id  AT 140 "F 
Flow rate 4 gPm 
Liquid velQ@i-&y 88 fps  

B e a t  load at finned cooler 

Liquid f i l m  heat t r a n s f e r  coe f f i c i en t  

880,900 Btu/hr (-53 kW) 

-2000 Btu hr"' f t d 2  ( OF)-' 
L i q u i d  Reynolds number 45,000 

Length of f inned I/e-in.-OD cool  
CQQkint air f l o w  995 cfln 
Coobanti air AT 1.85 "F 

26 ft 

57.5 Psi (65 f t> 
5000 rpm 

ntorv being c i r cu la t ed  

Volume i n  pump bowl 
Volume i n  tubing 
TQ%ab vdWf2 
Total weight 

Miscellaneous 

85 i n n 3  
46 in." 
131 i n m a  
8.88 Tb 

Swfaee t o  volume ra%io  for c i r cu la t ing  

Volume of dump tank 

7 in . s / in .a  

274 fn,a 
sal% 

The p o s s i b i l i t y  of leakage of BF, gas through %he ro t a t ing  mechani- 

a l  of the pump o r  f r o m  the valves and f i t t i n g s  i n  t h e  pump 

To pro tec t  personnel from t h i s  noxious gas, a seal oil l i n e s  ex i s t s .  

ven t i l a t ed  cabinet i s  provided t o  enelos %he LFB pwnp and the gas sys- 

tem, An induced d r a f t  blower exhausts t a i r  from the cabinet through 

ducts to t he  roof of t h e  bui ld ing .  
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Table 2 .  Composition and physical properties 
of soaim fluoro7Dorate 

Composition (mole $) 

Approximate molec ula r weight 

Approximate melting point (OF) 

Vapor pressure, 
a 10, 656 Log,, P (mm Hg) = 9.024 - 

At 1090°F 
At 950'F 

Densityb ( lb / f t3  ) = 141.k - 0.0247% ( OF) 

At 1090 O F  

At 1020 OF 
A t  950°F 

40 32 Viscos i tyb  ( l b  ft-'hr-l = 0.2E2k exp 

A t  1090°F 
At 1020 OF 
At 950°F 

Heat capacity 

Thermal conductivity [Btu hr-l ft-' ( ] 

[BLu 1b-I ( O F ) ^ - '  ] 

92 
8 

104 

725 

140 
29 

11.4 e 4 
116.2 
117.9 

2.86 
3.23 
3.7 

0.360 

a 2 3  
0,235 
0.24 

S .  Cantor et ale, Physical Properties of Molten-Salt a 

G A. S .  Dworkin, 
P 1968, o~m-gC254, p.  
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I n  addi t ion,  a sheet-metal  enclosure i s  provided around t h e  sa l t  

piping and heat  exchanger t o  p ro tec t  operating personnel from gross 

l i q u i d  leakage. The system piping i s  considered s u f f i c i e n t l y  r e l i a b l e  

t o  preclude t h e  need f o r  spec ia l  exhaust venz i la t ion  from t h i s  enclosure 

f o r  pro tec t ion  aga ins t  BF, leakage. Favorable v e n t i l a t i o n  conditions 

ex is t  i n  t h e  t e s t  area, which has a 50-ft-high c e i l i n g  and continuous 

exhaust v e n t i l a t i o n .  

The t e s t  loop i s  shown i n  Fig.  3 during i n s t a l l a t i o n  of t h e  hea ters  

and thermocouples. Figure 4 shows t h e  completed i n s t a l l a t i o n .  

2 . 3  Detai led Design and Fabricat ion 

2 . 3 . 1  Heater 

The heat  input  i n t o  t h e  salt  i s  accomplished by r e s i s t ance  heat ing 

two sec t ions  of t h e  system piping, each approximately 1-05 i n .  long. 

Voltage i s  appl ied between two lugs a t tached  t o  t h e  ends of each heated 

length  of pipe.  

(see Fig.  2 ) .  

Control i s  common t o  both of t h e  heat  input sec t ions  

2.3.2 Cooler 

Heat i s  removed from t h e  system by a heat  exchanger composed of  an 

air-cooled,  26 - f t -~ong ,  l9-in.-diam c o i l  of 112-in.  -OD by 0.042-in.-wall  

tubing t o  which 1/16-in.-thick c i r c u l a r  n icke l  f i n s  are a t tached  (see 

Fig.  3 ) .  
nace braze a l l o y .  The finned c o i l  i s  ins ide  a sheet-metal  housing which 

serves  as t h e  cooling a i r  duct .  

These f i n s  are brazed t o  t h e  tubing with Coast Metals 52 f u r -  

The sal t  side pressure drop, as l i m i t e d  by t h e  capacity of t h e  salt  

pump, p roh ib i t s  t h e  use of a longer heat  exchanger c o i l .  

f i n  diameter and spacing are used t o  provide a higher  hsa t  flux at  t h e  

hot  end of t h e  cooler .  

perature  p r o f i l e  which makes possible  maximum heat  removal without cooling 

t h e  w a l l  a t  t h e  cold end of t h e  u n i t  below t h e  725°F melting point, of t h e  

sal t .  

expected drop i n  t h e  bulk f l u i d  temperature w a s  from 1125 t o  850"~. 

Variat ions i n  

This geometry c rea t e s  a f l a t t e n e d  salt w a l l  t e m -  

[This feature w a s  important during t h e  design s tages ,  when t h e  

It 
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Fig.  3. T e s t  loop assembly during i n s t a l l a t i o n  o f  hea te rs  and ther -  

_rnocouples. 
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became less important when t h e  proposed operating conditions were changed 

to simulate t h e  Molten-Salt Reactor Experiment coolant c i r c u i t  temperature 

p r o f i l e  (109c-950 OF). 1 
The cooler  i s  r e s i s t ance  heated during preheat ing of t h e  loop. This 

r e s i s t ance  heat  system i s  a l s o  used t o  keep t h e  salt  above t h e  melting 

point  during loss of normal bui ld ing  power. Hastel loy N lugs  are i n s t a l l e d  

a t  t h e  i n l e t ,  midpoint, and ex i t  of t h e  c o i l  f o r  attachment of t h r e e  

e l e c t r i c a l  l eads .  The lugs pro jec t  through holes  i n  t h e  a i r  duct to give 

access to t h e  e l e c t r i c a l  connections. 

vol tage i s  supplied t o  t h e  c e n t r a l  l ug  of t h e  c o i l  from a diesel-generator  

u n i t  used f o r  emergency e l e c t r i c a l  supply. 

A hinged door, provided on t h e  a i r  ex i t  s ide of t h e  cooler  housing, 

i s  closed to reduce t h e  heat  l o s ses  during preheat ing and i s  equipped to 
c lose  automatical ly  during a power outage. The t o p  s ide  of t h i s  door 

and t h e  four  s ides  of t h e  a i r  plenum are insu la t ed  with Johns Manville 

Kaowool thermal in su la t ion  t o  f u r t h e r  reduce t h e  heat  l o s s e s .  This insu-  

l a t i o n  i s  a l s o  used to plug t h e  holes  where t h e  e lec t r ica l  lugs  pene t ra te  

t h e  air duct .  

During a l o s s  of normal power t h e  

A i r  to t h e  cooler  i s  supplied through appropriate  duct ing by a 

model 200-A-l American blower with a 3-hp 1725-rpm motor which provides 

a m a x i m u m  air  flow of 3200 cfm air  through t h e  ductwork. 

normal operat ion t h e  a i r  flow required i s  about 1000 cfm. 
damper i s  provided t o  regulz te  t he  flow. 

However, i n  

A t h r o t t l i n g  

Selected engineering da ta  on t h e  a c t u a l  performance of t h e  cooler 

are shown i n  Table 1, along with other  engineering parameters of t h e  

system. 

2.3.3 Sa l t  pump 

The sal t  pump, model LFB, used i n  t h i s  corrosion t e s t  i s  shown i n  

Fig. 5 .  It i s  a cen t r i fuga l  sump pump designed a t  ORNL and features a 

downward discharge.  

sea led  b a l l  bearings,  and an o i l - lub r i ca t ed  mechanical face seal above 

the sal t  l i q u i d  leve l  and just  below the lower ba l l  bear ing.  

seal cooling are provided by o i l  which flows downward through t h e  hollow 

The pump has an overhung v e r t i c a l  s h a f t ,  two grease- 

Shaf t  and 
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Fig .  5. Molten-salt pump (model LFB). 
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sha f t  through a ro t a ry  seal. The o i l  leaves through holes  i n  t h e  s h a f t  

loca ted  j u s t  above t h e  t o p  s ide  of t h e  mechanical face  seal. The pump 

requi res  a gas purge as described i n  Sect ion 2 .3 .5 .  Pump performance 

da ta  taken with water are shown i n  Fig.  6 .  
se lec ted  f o r  t h i s  p a r t i c u l a r  t e s t  s ince  severa l  pumps were ava i l ab le  and 

over 400,000 cumulative hours of successfu l  operat ion had been experi-  

enced i n  many previous appl ica t ions  a t  Oak Ridge National Laboratory. 

The head capab i l i t y  of t h e  pump i s  somewhat lower than desired,  and t h e  

acceptance of t h i s  l i m i t a t i o n  resulted i n  a maximum l i q u i d  ve loc i ty  of 

The model LFB salt  pump w a s  

10 fps .  

The pump tank  contains t h e  only free l i q u i d  sur face  i n  t h e  c i rcu-  

l a t i n g  system during normal operat ion with t h e  dump tank  i s o l a t e d  by a 

f reeze  valve.  The pump i s  loca ted  a t  t h e  highest  point  i n  t h e  flow c i r -  

c u i t ,  and t h e  pump tank  a c t s  a5 a l i q u i d  expansion volume. The l i q u i d  

level i n  t h e  tank  i s  ind ica ted  by two spark plug probes which have 

Hastelloy N extensions welded t o  t h e  center  e lec t rodes  t o  make contact  

with t h e  l i q u i d  sal t  at p re se t  e leva t ions .  A sa l t  sampling apparatus 

i s  provided at t h e  pump tank,  as described i n  Sect ion 2.3.4.  

2.3.4 S a l t  sampler 

A cross  sec t ion  of t h e  molten-sal t  sampler i s  shown i n  Fig.  7. It 

i s  used t o  remove salt  samples from t h e  pump tank  a t  approximately 500- 

h r  i n t e r v a l s  during t h e  t es t  program. 

in te r rupted  during sampling.) 

s m a l l  copper bucket a t tached  on t h e  lower end which i s  lowered i n t o  t h e  

molten salt i n  t h e  pump tank .  Vacuum and iner t -gas  back- f i l l i ng  con- 

nections are provided s o  t h a t  t h e  sampler assembly can be a t tached  t o  

or  removed from t h e  pump tank  without contaminating t h e  salt  inventory.  

A Swagelok f i t t i n g  with Teflon f e r r u l e s  a c t s  as t h e  packing gland on t h e  

l/h-in.-OD d i p  tube .  The Swagelok nut i s  loosened, as required,  t o  per- 

m i t  r a i s i n g  or lowering of t h e  d i p  tube .  The o r i g i n a l  bucket design had 

a capaci ty  of about 2 g of sodium f luoroborate .  

partment which holds about 0.5 g w a s  added la ter  t o  provide a separa te  

sample f o r  an oxygen ana lys i s .  

(The tes t  loop operat ion i s  not 

The sampler cons i s t s  of a d i p  tube with a 

A second separa te  com- 
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Fig .  6 .  Performance c h a r a c t e r i s t i c s  of t h e  LFB s a l t  pump i n  water. 
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2.3.5 BF, system 

A r e l a t i v e l y  complex tubing system i s  provided t o  supply He-BF, 

mixtures f o r  use i n  purging s h a f t  seal  o i l  leakage from t h e  s a l t  pump. 

A s impl i f ied  schematic of t h e  system i s  shown i n  Fig.  8, and t h e  com- 

p l e t e  system i s  shown i n  t h e  flowsheet of Appendix A.  Spec ia l  pressure 

regula tors  from Matheson Company with chemically coated n icke l  bodies 

and Monel diaphragms are used on gas cyl inders  containing BF3. These 

materials are used t o  resist a t t a c k  by HF i n  case of moisture contami- 

na t ion  of t h e  BF, gas.  A l l  gaskets ,  valve packings, c)r s o f t  valve seats 

were of Teflon o r  Kel-F, which are a l s o  r e s i s t a n t  t o  a t t a c k  by HF. 

s tandard 200-ft3 capaci ty  gas cyl inder  suppl ies  a gas flow of about 

80 cc/min t o  t h e  reference s ide  of a thermal conduct ivi ty  c e l l ;  t h e  gas 

flow then  continues on t o  t h e  pump. The gas flow t o  t h e  pump i s  used 

t o  purge seal o i l  leakage from a catch bas in  and ca r ry  it t o  an o i l  

t r a p ,  from which t h e  o i l  can be drained manually as required.  

flow then r e tu rns  t o  t h e  thermal conduct ivi ty  c e l l ,  where a comparative 

measurement i s  made t o  de t ec t  any changn of BF3 concentrat ion i n  t h e  

helium. 

A 

The gas 

It was o r i g i n a l l y  thought t h a t  a 3% mixture of BF, and helium ( f o r  

a 950°F pump bowl temperature) would be necessary f o r  t h e  purge flow 

through t h e  seal o i l  leakage catch bas in  of t h e  salt  pump. 

ment w a s  brought about by t h e  f a c t  that  the seal o i l  leakage catch bas in  

and t h e  gas space above t h e  sa l t  l e v e l  i n  t h e  pump are interconnected, 

and thus a poss ib le  path f o r  l o s s  of BF, f r o m t h e  sa l t  i s  c rea ted .  

use of a purge-gas mixture having t h e  same composition as t h e  gas i n  

t h e  pump bowl would preclude removal of BF3 and a r e s u l t a n t  change i n  

salt  composition. However, it w a s  found i n  a c t u a l  operation, as discussed 

i n  Section 3.2, t h a t  t h e  use of He-BF, mixture w a s  unnecessary. 

t h e  loss of BF, from t h e  pump i n  a pure helium purge w a s  t o o  low t o  

j u s t i f y  t h e  complications at tending BF, addi t ion ,  a pure helium purge 

w a s  used throughout most of t h e  t e s t .  

This requi re -  

The 

Since 

Most of t h e  seal purge system i s  f ab r i ca t ed  of 1/4-in.-OD by 

0.035-in.-wall copper tubing.  

s ive ly .  Check valves are used to preclude BF3 backflow i n t o  helium supply 

l i n e s  or  backflow of atmospheric moisture i n t o  t h e  BF,-He vent l i n e s .  

Brass compression f i t t i n g s  are used exten- 
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2.3.6 F i l l  and d ra in  tank  

The f i l l  and d ra in  tank  i s  f ab r i ca t ed  from a 23 3/16-in. length of 

Hastelloy N, 5- in . ,  sched-40 pipe with 1 /2- in . - th ick  f l a t  heads. 

f i v e  pipe r isers loca ted  on t h e  cy l ind r i ca l  surface of t h e  tank  provide 

f o r  salt  addi t ion  and removal, spark plug l e v e l  ind ica t ion ,  and gas 

pressur iza t ion .  A d ra in  l i n e  i s  provided a t  t h e  bottom of t h e  tank as 

an add i t iona l  path f o r  s a l t  removal. The tank  i s  e l e c t r i c a l l y  insu la ted  

from ground t o  prevent t h e  flow of e l e c t r i c a l  cur ren t  from t h e  main loop 

tubing, which i s  r e s i s t ance  heated during c e r t a i n  periods of off-normal 

operat ion.  

The 

2.3.7 Corrosion specimen design 

Corrosion specimens (see Fig.  1) are used t o  monitor corrosion rates 

a t  t h e  points  of maximum, minimum, and intermediate bulk f l u i d  temp2ra- 

tures. 

0.250 i n .  wide, and 0.030 i n .  t h i ck .  A t o t a l  of e igh t  specimens are 

mounted i n  t h e  t h r e e  loca t ions .  Details of t h e  corrosion specimens 

design and mounting arrangement are shown i n  Fig.  9 .  The specimens are 

mounted on t h e  Has-telloy N s t r i n g e r s ,  i n se r t ed  i n t o  t h e  1/2- in .  tubing, 

and tack  welded i n t o  pos i t ion .  

t h e  specimens i s  then b u t t  welded i n t o  t h e  system piping. 

The Hastelloy M specimens are approximately 2 5/8 i n .  long, 

The sec t ion  of 1 /2- in .  tubing containing 

2 .3 .8  E l e c t r i c a l  system 

The e l e c t r i c a l  power system i s  shown schematically i n  Fig.  10 .  

Power i s  supplied t o  t h e  t e s t  f a c i l i t y  from a 460-V, three-phase,  delta- 

connected bui ld ing  supply. 

provides emergency power t o  some of t h e  equipment i n  t h e  event of 8 

f a i l u r e  t o  t h e  normal bui ld ing  supply. 

A separa te  connection from a diesel-generator  

Upon f a i l u r e  of t h e  normal supply vol tage,  t he  diesel-generator  i s  

automatically s t a r t e d ,  and an automatic t r a n s f e r  switch connects t h e  

emergency power supply t o  t h e  f a c i l i t y .  

able ,  t h e  automatic switch re turns  t h e  system load t o  t h i s  supply. 

When normal power becomes ava i l -  

The hea t  input  for normal operat ion i s  provided by two re s i s t ance -  

heated sec t ions .  Voltage i s  suppl ied t o  these  sectLons through a 
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Fig .  9 .  Mo!.ten-salt t e s t  loop corrosion specimens. 
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sa turable  r eac to r ,  which i n  t u r n  suppl ies  a 110-kVA high-current  t r ans -  

former. Temperature i s  cont ro l led  on these  sec t ions  by a v a r i a t i o n  i n  

t h e  impedance of t h e  sa turab le  r eac to r .  

During normal operat ion t h e  c i r c u i t  breaker, shown i n  Fig.  2, i s  

closed and t h e  e l e c t r i c a l  p o t e n t i a l  i s  appl ied between t h e  two sets of 

lugs (A&B, C&D). This c i r c u i t  breaker  i s  opened manually t o  permit pre-  

heat ing of t h e  piping system (except cooler )  and i s  automatical ly  opened 

t o  provide hea t  t o  a l l  t h e  system piping (except cooler )  under emergency 

condi t ions.  When t h e  c i r c u i t  breaker  i s  open, t h e  e l e c t r i c a l  p o t e n t i a l  

i s  appl ied between lugs  A and C ,  and t h e  r e s u l t i n g  two p a r a l l e l  e l e c t r i -  

c a l  r e s i s t ance  heat ing c i r c u i t s  keep t h e  system temperature above t h e  

f reez ing  point of t h e  sa l t .  Power measuring instrumentat ion is  provided 

t o  determine t h e  heat  input t o  t h e  system. 

A separa te ly  cont ro l led  resis tance-heated c i r c u i t  i s  provided f o r  

preheating t h e  cooler .  When normal power i s  lost, automatic cont ro ls  

a l s o  apply e l e c t r i c  p o t e n t i a l  t o  t h i s  s ec t ion  of  piping t o  prevent f reez-  

ing of t h e  sa l t .  

Additional e l e c t r i c  supply sources are provided for t h e  salt  pump 

motor, lube o i l  pumps, t h e  cooler  blower motor, t h e  BF, cubicle  exhaust 

blower, instrument power, and miscellaneous l i g h t i n g  and auxiliaries. 

2.3.9 Instrumentation and cont ro l  

The salt  pump i s  driven by a 5-hp 440-V motor connected t o  a 

variable-speed magnetic c lu tch .  The c lu tch  output torque i s  de l ivered  

t o  t h e  pump by V-bel ts .  The speed of t h e  coupled u n i t s  i s  regula ted  by 

varying t h e  supply vol tage t o  t h e  magnetic coupiing. The normal supply 

i s  from an e l e c t r o n i c  u n i t  furnished with t h e  magnetic c lu tch .  I n  t h e  

event of t h e  loss of t h e  normal c lu t ch  con t ro l  vol tage,  t h e  loop i s  

automatically placed i n  a standby (prehea t )  condi t ion.  

Pump speed i s  measured by a tachometer b u i l t  i n t o  t h e  magnetic 

c lutch,  and alarms are provided f o r  low and high speed. The pump speed 

i s  checked with a "Strobe" l i g h t  a t  t h e  beginning of each tes t  run t o  

insure  t h a t  t h e  des i red  speed i s  obtained. 

The loop temperatures are cont ro l led  by a Leeds and Northrup 

"Speedomax-H" con t ro l l e r ,  which senses changes i n  loop temperature and 



t ransmits  a s igna l  t o  t h e  sa turab le  reac tor  t o  increase o r  decrease voltage 

appl ied t o  t h e  two resis tance-heated sec t ions  of t h e  piping. 

Controls we also provided %o close t h e  o u t l e t  damper on t h e  r ad ia to r  

air duct, s top  t h e  blower motor and t h e  salt  pump, and t r a n s f e r  t h e  main 

heat  input t o  t h e  preheat moat2 i n  t h e  event of any of t h e  following of f -  

normal conditions:  

3.. bow c lu ich  speed, 

2.  salt  high t 
3. salt Bow te 
4. 
5 I s w  lube o i l  flow to t h e  salt pump. 

Bypass switches are provided around most of these  instruments to f a c i l i -  

tate s t a r t u p  and t o  provide a means of t e s t i n g  t h e  workabili ty of t h e  

cont ro l  system during normal operation. 

loss of normal power t o  t h e  fac i lP ty ,  

2 4 Qual i ty  Assurance 

, -  

design of t h e  salt  c i r cu la t ing  system w a s  e s s e n t i a l l y  

t h e  same as had been used on a previous program, it w a s  reviewed by t h e  

B Review Committ 

h i s t o r i e s  of t h e  Hastelloy N used i n  t h e  pressure-containing 

por t ion  of t h e  loop w e r e  documented, except f o r  t h e  salt pump, which had 

n fabricaked and assembled i n  accordance with NL Reactor Division 

~ t ~ n ~ ~ ~ d  PsDocedures i n  force at  t h e  "sirnee 

rials or  welding were not available, the sdmfnis$ra%fve procedures f n  

e f f e c t  at t h e  $%me of fabrica$ion prsvid d assurance of t h e  fntegl-i ty of 

t h e  pump, 

thousands of hours of experience wfth t h i s  type of equipment had been 

aecwulated, it w a s  f e l t  t h a t  th r e l i a b i l i t y  of t h e  u n i t s  w a s  s u f f i -  

c i e n t l y  es tab l i shed  t o  warrant t h e i r  use without complete documentation. 

Although records of t h e  mate- 

Since many of these  pumps had been operated and hundreds of 

The inspect ion of the ma% r ials used t o  f ab r i ca t e  t h e  sa l t -conta in ing  

f t h e  system o%her than t h  d ul t rasonic  tests and 

dye-penetrant checks i n  accordance with ORNL Metals and Ceramics Division 

spec i f ica t ions  MET-NDT 1 through 4. 



Welding of components and assembly i n t o  the system were conducted 

i n  accordance with Metals and Ceramics Division s p e c i f i c a t i o n  E-23,  
-25, and -35, which include welder q u a l i f i c a t i o n  procedures, weld j o i n t  

design, and welding parameter l i m i t a t i o n s .  Welds were inspected by x- 
r ay  examination and dye-penetrant methods stated i n  Metals and Ceramics 

Division spec i f i ca t ion  MET-WE 200 and 201, 

Material and cleaning requirernenis invoked during f a b r i c a t i o n  fn- 

cluded degreasing w i t ' ?  perchloroethylene vapor, followed by water and 

alcohol r i n s e s .  

again wiped with an alcohol-soaked e%o-Lh. 

c lo th  were v i s u a l l y  exmined  f o r  evidence of fore ign  material. 

Before each p a r t  w a s  welded i n t o  the system, it w a s  

Bokh the p a r t  and t h e  cleaning 

AL% c leanl iness ,  ma%erial, and weld inspec t ions  were made by person- 

ne l  o ther  than those  having %he r e s p o n s i b i l i t y  f o r  f a b r i c a t i o n  and assem- 

b l y .  Weld r epor t s ,  which included the i n s p e t i o n s  aad materials c e r t i f i -  

ca t ions ,  are on f i l e  w i t h  the Inspection Engineering Department a 

Helium Peak -bests were made on the completed piping assembly p r i o r  

t o  i n s t a l l a t i o n  of the pump ri$mry assembly i n t o  t h e  pump bowl. 

%es t ing  w a s  done in accordance with ORNL Insp e t fon  Engineering Qua l i ty  

Assurance Procedure 7. No de tec tab le  Beaks were observed. 

Leak  

A l l  wiring w a s  given a terminal-to-terminal cheek pr5or t o  energizing. 

Each cont ro l  function w a s  checked manimlly to i n su re  t h a t  t h e  p ro tec t ive  

schemes were operating properly p r i o r  t o  f i l l i n g  of t h e  system. 

Operational procedumes, including abnormal condition procedures, 

A complete desc r ip t ion  of the were prepwed Lo assfst the opera tors ,  

operation of t he  con t ro l  system w a s  prepared (see  Appendix B ) ,  and t r a i n -  

ing  sess ions  were conducted f o r  the  personnel. 

3 .  OPERATING EXPERIENCE 

"he  t e s t  loop has been operated f o r  10,335 hr a t  design condikions 

f o r  an add i t iona l  E135 h r  a t  off-design temperaiure. 

operating h i s t o r y  is shown ia Pig. h l .  

w a s  operated a t  BO9O'F m a x i m u m  bulk f lu id  temperature and 950°F minimum 

bulk f l u i d  -hemperatxire. 

the  system. 

ca l cu la t ion .  

A cha r t  of t h e  

For most of t h i s  time t h e  system 

Figure 12 i s  a t y p i c a l  temperature p r o f i l e  of 

The inne r  wall temperatures are estimated from heat t r a n s f e r  
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A f t e r  r a i s i n g  

salt piping proper 

started. The salt  

the sodium f luoroborate  from the sump tank i n t o  t h e  

and es tab l i sh ing  the  f reeze  valve,  the  system i s  

pump i s  started and the speed i s  adjusted t o  approxi- 

l y  5000 rpm. The main power i s  t r ans fe r r ed  t o  the two res i s tance-  

heated piping sec t ions  by closing the c i r c u i t  breaker, and the loop t e m -  

perature  i s  increased by adjust ing t h e  temperature c ~ n t ~ o l l e r .  The sys- 

t e m  d i f f e r e n t i a l  temperature i s  es tab l i shed  by s t a r t i n g  t h e  blower and 

ad jus t ing  t h e  damp r i n  the a i r  system duct .  

f lushing charge of salt was run i n  t h e  salt piping f o r  478 hr,  after 

which it w a s  d i sca r  d and t h e  working charge of sa l t  w a s  i n s t a l l e d .  

For the  i n i t i a l  s t a r t u p  a 

The r e l i a b i l i t y  of t he  system during $he i n i t i a l  B0,000 h r  of op- 

eration was very good, but  after t h i s  

encountered, A pump bearing failure occurred, r e su l t i ng  i n  damage t o  

ime severa l  d i f f i c u l t i e s  w e r e  

pump impel ler .  Chips were rubbed from t h e  impeller and deposited i n  

the salt  piping,  Extensive r epa i r s  t o  remove these chips from t h e  loop 

piping were necessary. 

r e su l t ed  i n  an oil f i re ,  requir ing extensiv r epa i r s  Subsequently, t h e  

loop piping was ruptured &wing an inadvertent  overheating t r a n s i e n t  

caused by a defect ive cont ro l  thermocouple and an operator e r r o r  during 

the replacement of t h e  thermocouple. 

I n  addi t ion,  f a t igue  fa i lwe  of an o i l  l i n e  

Table 3 l i s t s  t h e  in te r rupt ions  

d during the operation period, over ha l f  of which (15)  were 

due t Q  problems with component auxiliari s such as the pump ro ta ry  oil 

seal and b f w e  motor and th@ blower shaft bear ings.  

i n  t h e  blower a d  blower dr ive  motor were required about every s i x  months. 

Replacement bearings 

3 - 1  Hezt Transfer Performance of Sodium Fluomborate 

Since no published heat t r a n s f e r  data were ava i lab le  f o r  the sodium 

f luombora te  salt ,  t h  heat t r a n s f e r  c h a r a c t e r i s t i c s  of sodium f luoroborate  

were measwed i n  t h e  PER-FCL-1. Provisions f o r  these  heat  t r a n s f e r  mea- 

surements were not par% of t h e  o r ig ina l  design c ~ i t e r i s ,  and the tests 

were made w i t h  ex i s t ing  instrumentation which was  not highly sophis t ica ted .  

rable uncertainty ex i s t ed  i n  ava i lab le  physical  property data ,  

pa r t i cu la r ly  on vfscos i ty  and theyma% conductivity; s o  the absolute  accu- 

racy of l ~ e s u l t s  obtained i s  questionabl 
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T8bl.e 3 MSR-FCL-1 operahionax in t e r rup t ions  

Etern 
Number 

O f  
f a i l u r e s  

~ o t a r y  oil seal (De1ubPi.n) leakage 5 
Sal% pump bearing failures 3 
Drive motor and c lu tch  problems 6 
A i r  blower bearings 2 

Instrmer_$ malfunctions 

Electrical system d i f f i c u l t i e s  

6 
Ec 

O i l  E l m  fakigue failure a t  pump r o t a r y  seal l 
Other mechanical problems 2 

T o t a l  29 
- 

--- 

Tbe heat t r a n s f e r  data were obtained i n  one of t h e  res i s tance-hea ted  

sections of t he  loop piping. 

0.4l.O i n .  i n  i n s i d e  diameter. 

by micrometers, and w a l l  khickness measurements w e r e  made with a model 14 
Bronson Widi-gage, The flow rate through t h e  tubing w a s  measured c a l o r i -  

me t r i ca l ly  by observing the power input and t h e  temperature rise of %he 

sal t ,  

v ious ly .  The s p e c i f i c  h at data f o r  t h e  salt  presented in Table 2 w a s  

among the b e t t e r  defined physical property data and had an  uncer ta in ty  of 

&2$. Tne flow ve loc i ty  was ca lwkated  using salt dens i ty  d a t a  with an 

uncer ta in ty  of 5$* 

T3.b sec t ion  w a s  1.05 i n ,  i n  length and 

Ti-~e $ub%ng ins ide  diameter w a s  determined 

Heat l o s ses  8% var ious  temperature l e v e l s  had been determined pre- 

Power input measurements were made with instruments 

of k0.576 ~ C C I Z W Z ~ ,  

The teanperature measurements were made with 1/86-in. -OD s t a i n l e s s -  

d, i n sda ted - Junc t ion ,  Ghromel-Alwnel thermocouples. Bulk 

fluid temperatures at the  hea%er i n l e t  and exf% were each measured by 

th ree  c a l i b r a t e d  thermocouples. 

lO5-fne length  were used t o  ob ta in  t h e  w a l l  temperature i n  t h e  heated 

Ten &hermocoup%es loca ted  along t h e  

region D 
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A l l  thermocouples were e l e c t r i c a l l y  in su la t ed  from t h e  tubing w a l l  

t o  preclude an e l e c t r i c a l  path along t h e  s t a i n l e s s  steel  sheaths ,  s ince  

a l l  port ions of  t h e  piping were above ground p o t e n t i a l  during r e s i s t ance  

heat ing.  Two l aye r s  of quartz  tape  provided e l e c t r i c a l  i s o l a t i o n  from 

t h e  piping and a l s o  served t o  thermally i n s u l a t e  t h e  thermocouples from 

t h e  pipe w a l l .  The ends of t h e  thermocouples were i n s t a l l e d  i n  a 180" 
a r c  around t h e  quartz-tape-covered tube and helld i n  place with a band of 

shimstock spot  welded t o  i t s e l f .  

e a r t h  formed t h e  thermal in su la t ion  f o r  t h e  piping.  The detai l  on t h e r -  

mocouple i n s t a l l a t i o n  i s  presented t o  emphasize t h a t  t h e  configurat ion 

w a s  not i d e a l  f o r  accurate  temperature measurement. The e r r o r  bztween 

insu la t ed  thermocouples and thermocoupl% i n s t a l l e d  d i r e c t l y  on t h e  pipe 

w a l l  w a s  l a te r  determined t o  be less  then 10°F. The ove ra l l  AT from 

pipe w a l l  t o  bulk f lu id  ranged up t o  100°F, so t h e  thermocouple e r r o r  of 

10 "F represents  about a 10% uncer ta in ty .  

Two inches of "Hi-Temp" diatomaceous 

Performance da ta  were obtained a t  hea ter  i n l e t  temperatures from 

974 t o  1060"~ and hea te r  e x i t  temperaturesfrom 1038 t o  1170°F. 

Reynolds modulus ranged from 5500 t o  51,400, and hea t  fluxes ranges from 

15,750 t o  160,000 Btu h r - l f t - " .  The measured heat  t r a n s f e r  coe f f i c i en t s  

ranged from 267 t o  2130 B t u  hr-lft-" ( OF)-' . The data obtained co r re l a t ed  

w e l l  with t h e  Dit tus-Boel ter  equation as shown i n  Fig.  1 3  (using r ecen t ly  

determined physical  property values from Table 2 ) .  Although no s ta t i s t i -  

c a l  ana lys i s  has been made, it i s  estimated t h a t  t h e  e r r o r  i n  t h e  m e a -  

surements i s  less than  20%. These heat  t r a n s f e r  da ta  cons t i t u t ed  t h e  

f i rs t  demonstration t h a t  sodium f luoroborate  performs as an ordinary heat  

t r a n s f e r  f l u i d .  

The 

3.2 BF3 Handling 

The LFB sa l t  pump w a s  designed t o  operate with approximately 80 C C /  

min of helium purge through t h e  pump sha f t  seal region t o  remove t r a c e s  

of o i l  leaking through t h e  r o t a t i n g  face seal  (see Fig.  5 ) .  
pressure of t h e  NaBF4 component of t h e  sa l t  mixture, as shown i n  Fig.  14,  
produces a BF3 p a r t i a l  pressure above t h e  sa l t  l e v e l  i n  t h e  pump bowl. 

Since t h e  helium purge tends t o  car ry  some of t h e  BF3 out of t h e  system, 

The vapor 
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Fig. 13. Heat t r a n s f e r  c h a r a c t e r i s t i c s  of  NaBF4-NaF (92-8 mole % )  
flowing i n  O.klO-in.-ID tube. 
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Fig .  14. Vapor pressure of NaBF4-NaF (92-8 mole % ) .  (From ORNL- 
TM-2316. ) 



it i s  possible  t o  change t h e  salt  composition by gradual  deple t ion  of 

t he  v o l a t i l e  cons t i tuent .  

(F ig .  l 5 ) ,  t h e  f reez ing  point  of t h e  salt  mixture changes d r a s t i c a l l y  

with a change i n  composition near t h e  e u t e c t i c .  

needed f u r t h e r  considerat ion.  

A s  ind ica ted  by t h e  NaBF4-NaF phase diagram 

Therefore t h i s  problem 

The helium purge, as o r i g i n a l l y  i n s t a l l e d ,  w a s  through t h e  seal re -  

gion of t h e  pump, which w a s  loose ly  coupled through an annulus around 

t h e  pump s h a f t  t o  t h e  helium gas space above t h e  salt  l e v e l  i n  t h e  pump 

bowl. It w a s  assumed t h a t  BF3 vapors from t h e  salt  mixture would d i f fuse  

up the  sha f t  annulus i n t o  t h e  seal region and be c a r r i e d  away by t h e  purge 

gas .  To avoid t h e  problem of BF, deple t ion  i n  t h e  salt  mixture, a system 

w a s  i n s t a l l e d  t o  permit blending BF3 i n t o  t h e  helium purge t o  produce a 

BFS concentration i n  t h e  purge gas equivalent  t o  t h e  concentrat ion i n  t h e  

pump bowl. Thus, no net l o s s  of BF3 i n  t h e  system would occur. 

The p o s s i b i l i t y  of chemical i n t e r a c t i o n  of t h e  BF, i n  t h e  purge gas 

with t h e  o i l  i n  t h e  seal region a l s o  had t o  be considered, and preliminary 

tests were run t o  see i f  a problem ex i s t ed .  The amount of BF3 i n  helium 

required t o  s u s t a i n  t h e  924% salt  mixture w a s  ca lcu la ted  t o  be l%, with 

a pump bowl temperature of 8 5 0 " ~ ,  or 3% with t h e  pump at  950°F. Mixtures 

of t hese  two gases were prepared by adding t h e  proper amount of BF, t o  

b o t t l e s  containing helium; however, confirmatory analyses f o r  t h e  concen- 

t r a t i o n  of BF, i n  helium were unsuccessful.  Checks with commercial sup- 

p l i e r s  of mixed gases revealed t h a t  t h e r e  w e r e  no economical methods f o r  

determining t h e  BF, concentrations i n  helium i n  t h e  l t o  3% range. 

BF3 gas adsorbs on t h e  w a l l s  of a n a l y t i c a l  equipment, r e s u l t i n g  i n  gross  

inaccuracies  i n  a n a l y t i c a l  r e s u l t s .  Attempts a t  confirmatory ana lys i s  

were abandoned, and t h e  concentrations were assumed t o  be those  pred ic ted  

by t h e  mixing ca lcu la t ions  based on volume, temperatures, and pressures .  

The 

Tests were conducted to examine t h e  e f f e c t  of mixtures of 1 and 3% 

BF, i n  helium of t h e  Gulfspin 35 pump o i l  under condi t ions which would 
simulate i t s  use i n  t h e  pump s e a l - o i l  purge system. The r e s u l t s  f o r  t h e  

1% BFs mixture ind ica ted  t h a t  t h e  seal leakage o i l  would not be a f f ec t ed  

de le t e r ious ly  by contact  with t h e  mixture. Some d i sco lo ra t ion  and an 

increase i n  a c i d i t y  were noted i n  t h e  o i l  after only a f e w  hours of 

exposure t o  t h e  gas mixture; however, v i s c o s i t y  changes over a long 
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Fig. 15.  The system NaF-NaBF4. 
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period gave no reason t o  suspect t h a t  t h e  s m a l l  passages of t h e  pump seal 

purge system would become plugged with degraded o i l .  

Results of two separa te  room-temperature tes ts  of approximately one 

week's durat ion using t h e  3% BF3 mixture with an o i l  leakage flow rate of 

10  cc/day and a gas flow rate of 80 ce/min ind ica t ed  t h a t  t h e  seal o i l  

purge l i n e  would probably become plugged during loop operation; thus  use 

of t h i s  3% mixture f o r  purging w a s  abandoned. A black sludge, formed i n  

t h e  tes t  se tup  which simulated t h e  pump catch bas in ,  eventua l ly  plugged 

a 1 /8 - in . -d im por t  (see Fig. 1 6 ) .  I n  these  tes ts  t h e  o i l  removed from 

the t e s t  apparatus was  extremely ac id i c ,  with a pH from 1 . 0  t o  1 . 5 .  
Attempts t o  determine t h e  composition of t h e  o i l  sludge were unsuc- 

ces s fu l .  In f r a red  spectrophotometric examination ind ica ted  t h a t  t r a c e s  

of water were probably removed from t h e  piping system by t h e  sparging 

gas and t h a t  t h e  a c i d  formed by t h e  BFa-water r eac t ion  had a t tacked  one 

or more of t h e  ingredien ts  of t h e  o i l  t o  form t h e  sludge. The BF3 a l s o  

produced, e i t h e r  as products of degradation or by d i r e c t  addi t ion  t o  some 

component or components, new materials not found i n  unexposed o i l .  N o  

fu r the r  e f f o r t  w a s  made t o  charac te r ize  t h e  degraded o i l .  

To el iminate  BF, i n  t h e  seal purge stream and t h e  r e s u l t i n g  o i l  deg- 

radat ion,  t h e  purge route  through t h e  pump bowl w a s  changed t o  provide a 

pure helium purge gas flow down t h e  pump s h a f t .  It w a s  thought t h a t  by 

providing t h i s  purge, helium could be used t o  remove t h e  leakage o i l  from 

t h e  o i l  catch bas in  i n  t h e  pump and t h e  helium flow down t h e  s h a f t  would 

deter (except f o r  back d i f fus ion )  t h e  BF3 vapor from reaching t h e  o i l .  

This purge path required t h e  addi t ion  of a new o u t l e t  gas l i n e  from t h e  

pump bowl and a new l i n e  f o r  BFa addi t ion  i n t o  t h e  pump bowl. 

addi t ion  w a s  requi red  s ince  t h e  helium flow down t h e  s h a f t  and across  

t h e  BF8 vapor space i n  t h e  pump would ca r ry  o f f  BF, vapors i n  even g r e a t e r  

quan t i t i e s  than  had been an t i c ipa t ed  with t h e  purge only through t h e  face  

seal region. 

The BF, 

A f t e r  one day of operat ion t h e  o u t l e t  l i n e  from t h e  pump 

vapor space plugged with r eac t ion  products from t h e  sal t ,  o i l ,  and BF3. 

A s  an expedient,  a decis ion w a s  made t o  r e t u r n  t o  t h e  o r i g i n a l  design 

f o r  purging t h e  pump seal with no BFa addi t ion  t o  t h e  purge stream. 

helium w a s  connected t o  t h e  pump seal purge l i n e ,  and t h e  e f f l u e n t  w a s  

ca re fu l ly  monitored f o r  BF, contamination. Measurements from t h e  thermal 

The 
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Fig.  16 .  Sludge formation from polymerization of Gulfspin 35 o i l  
a f te r  one week's exposure of 3% BF3-e mixture a t  room temperature. 



conductivity c e l l  ind ica ted  t h a t  t h e  helium gas (80 c$/min) leaving t h e  

pump o i l  catch bas in  w a s  contaminated with approximately 0.08% BF, . 
ind ica ted  t h a t  t h e  amount of BF, removed from t h e  NaBF4 salt  during t h e  

scheduled 10,000-hr operation would not s i g n i f i c a n t l y  al ter t h e  salt  com- 

pos i t ion .  Had t h e  BF, deple t ion  been s i g n i f i c a n t l y  high, plans were t o  

rep len ish  t h e  BF3 by in t e rmi t t en t  gas addi t ions  t o  t h e  sa l t .  

This 

During c a l i b r a t i o n  of a thermal conductivity c e l l  which w a s  t o  be 

used to measure t h e  concentration of BF, i n  t h e  e f f l u e n t  l i n e  from t h e  

seal purge l i n e ,  a l /L in . -OD copper tubing vent l i n e  plugged. 

mixture of BFa i n  helium had been purged through t h e  conductivity c e l l  

and vented t o  atmosphere i n  a v e n t i l a t i o n  system. Reaction products of 

moist a i r  and BF:, completely sea led  t h e  end of t h e  tube and stopped t h e  

seal purge ( s e e  Fig. 1.7). An ac id i c  so lu t ion  w a s  found i n  t h e  v e r t i c a l  

l i n e  immediately adjacent t o  t h e  discharge end of t h e  tube, ev ident ly  

formed when t h e  BF, gas came i n  contact with moisture i n  t h e  a i r .  Acid 

w a s  a l s o  formed on t h e  v e n t i l a t i o n  hood i n  t h e  v i c i n i t y  of t h e  BF,-He 

vent .  Enough a c i d  w a s  present t o  form drople t s  on t h e  lower edge of t h e  

hood, which demonstrated t h a t  a s u i t a b l e  BFa llscrubberll i s  required f o r  

fu tu re  systems where long-term, r e l i a b l e  venting of s i g n i f i c a n t  BF, con- 

cent ra t ions  must be maintained. 

A 3% 

The low BFa concentration i n  t h e  helium purge from t h e  f i n a l  con- 

f igu ra t ion  of t h e  s h a f t  seal purge system r e s u l t e d  i n  l i t t l e  a c i d  accu- 

mulation at t h e  gas purge l i n e  o u t l e t .  

l e t  por t  and t h e  addi t ion  of a bucket-type catch bas in  helped t o  reduce 

t h e  plugging problem at  t h e  end of t h e  purge l i n e .  

ac id  on t h e  a i r  exhaust ducts w a s  v i s i b l e ,  but a c i d  r eac t ion  products 

were noted at  t h e  end of t h e  purge l i n e .  

was  noted, t h e  open end of t h e  copper tubing w a s  e i t h e r  cleaned or cut  o f f .  

Inversion of t h e  purge l i n e  out- 

No accumulation of 

A s  t h e  buildup of t hese  products 

3.3 S a l t  Pump Operation 

The major problems to be resolved by t h e  use of t h e  model LFE pump 

i n  t h i s  tes t  program involved (1) t h e  e f f e c t  of t h e  BF, p a r t i a l  p ressure  

on t h e  o i l  i n  t h e  seal leakage catch bas in  and (2 )  t h e  bearing and o i l  

seal performance a t  5000 rpm f o r  sus ta ined  periods of operation. The 
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Fig. 17.  Typical plugging formation where BF3lle mixtures are vented 
to atmosphere. 



problems r e l a t i n g  t o  BF3 reac t ions  with t h e  Gulfspin 35 o i l  i n  t h e  pump 

are described i n  Sect ion 3.2. 

w a s  a point  of concern s ince  a pump of t h i s  type had not been used i n  

appl ica t ions  requi r ing  thousands of hours of operat ion at t h e  r e l a t i v e l y  

high speed of 5000 rpm. 

at speeds around 3000 rpm and had demonstrated adequate r e l i a b i l i t y  dur- 

ing about 450,000 h r  of ~ p e r a t i o n . ~  

I n  addi t ion  t h e  bear ing and seal l ifetime 

A series of i d e n t i c a l  pumps had been operated 

Normal operation conditions f o r  t h e  pump were as follows: 

S a l t  i n l e t  temperature, OF 

S a l t  flow rate, gpm 

Pump speed, rpm 

Coolant o i l  

Coolant o i l  temperature, “F 
Pump tank pressure,  p s ig  

Pump tank cover gas 

Purge gas f o r  seal leakage 

Purge gas flow rate, cc/min 

950 
4 
5000 

Gulfs p in  - 3 5 
110 

7.0 
H e l i u m  

H e l i u m  

80 

The pump w a s  removed f o r  rout ine  maintenance a t  approximately 2000- 

h r  i n t e r v a l s  t o  i n s t a l l  new bearings.  

sho r t  l i fe t ime expectancy of about 4000 h r  a t  5000 rpm. 

maintenance period coincided with removal of t h e  corrosion specimens from 

the loop piping. 

t i o n  despi te  t h e  bear ing replacement schedule. 

These bear ings have a r e l a t i v e l y  

Normally t h i s  

However, three bear ing f a i l u r e s  occurred during opera- 

The polymerization of o i l  i n  t h e  catch bas in  by r eac t ion  with BF3 

w a s  no problem during t h e  2000-hr operat ing per iods.  The leaking seal 

o i l  w a s  darkened by contact  with t h e  BF3 and a black coating formed on 

t h e  bottom of t h e  catch basin,  bu t  no s i g n i f i c a n t  plugging occurred. 

This could be a problem, however, i n  a system where per iodic  removal and 

cleaning are not possible  or perhaps where higher  BFs concentrat ions are 

present .  

run i s  shown i n  Fig.  18. 
The seal o i l  catch bas in  a t  t h e  conclusion of a t y p i c a l  2000-hr 

“J. L. Crowley, W .  B .  McDonald, and D .  L.  Clark, Design and Operation 
of Forced-Circulation Testing Loops with Molten S a l t ,  
‘(May 1963) * 

“J. L. Crowley, W .  B .  McDonald, and D .  L.  Clark, Design and Operation 
of Forced-Circulation Testing Loops with Molten S a l t ,  
‘(May 1963) * 
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Fig. 18.  Typical appearance of t h e  s e a l  o i l  catch basin of t h e  salt 
pump af ter  2000 h r  operation (model LFB pump). 
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The seal o i l  leakage rate has averaged approximately 1 cc/day (see 

Table 4 ) .  
near t h e  end of t h e  t e s t ,  for reasons t h a t  were not d i scern ib le .  

The leakage rates were higher  than  average during shor t  periods 

Tabie 4. Seal  o i l  leakage rates i n  
sa l t  pump 

Approximate Leakage 
days of ratea 

Date 
leakage 

w a s  
removed ( cc/daY) ope r a t i o n  

12-9-68 13 3.5 
12 -18-68 9 2.2 

3-25-69 39 0.51 
7-22 -69 104 0.17 
10-22 -69 80 0.27 
12-17-69 38 1.05 

2-14-69 58 0.34 

1-29-70 43 0.81 
4-24-70 66 0.58 
10-16 -70 51 0.90 
10 - 19 - 70 3 20.0 

1-11-71 4 24.0 
1-12-71 1 30.0 

a Average l eak  rate = 1 cc/day. 

The seal leakage o i l  is  highly ac id i c  due t o  i t s  contact  with BF,; 

Analyt ical  r e s u l t s  of tests with l i tmus paper showed a pH of 1 to 1.5. 
o i l  samples revealed s m a l l  amounts of dissolved boron. 

Tne mechanical face seal appeared i n  good condi t ion upon disassembly 

a t  t h e  end of each operat ing per iod.  

of impending t rouble ,  t h e  seal w a s  changed as a precautionary measure 

during each pump maintenance cycle .  The upper bear ing normally showed 

evidence of l o s s  of most of i t s  i n t e r n a l  l ub r i can t  (grease) ;  t h e  lower 

Although t h e r e  were no ind ica t ions  



41 

bearing usua l ly  appeared i n  exce l len t  condition, bu t  both bearings were 

replaced rout ine ly .  The upper bear ing i s  a f f ec t ed  by t h e  dr ive  b e l t  

t ens ion  and operates under a heavier  radial  load  then  t h e  lower bearing. 

The condi t ion of t h e  upper bear ing w a s  ample evidence t h a t  when t h e  sa l t  

pump i s  b e l t  driven, operat ion a t  5000 rpm f o r  2000-hr periods w a s  a 

m a x i m u m  p r a c t i c a l  se rv ice  l i m i t .  

The sodium f luoroborate  drained e a s i l y  from t h e  r a t h e r  complex ge- 

ometry of t h e  sa l t  pump. Normal draining procedure consis ted i n  c i rcu-  

l a t i n g  t h e  salt a t  1000°F and turn ing  t h e  pump a t  about 1000 rpm as t h e  

l i q u i d  l e v e l  w a s  lowered. Typical appearance of t h e  salt-wetted port ions 

of t h e  pump af ter  a 2000-hr t es t  period i s  shown i n  Figs .  1-9 and 20. 

The white deposi ts  are t r a c e s  of f rozen sodium f luoroborate  sa l t .  

3.4 Corrosion Specimen Removal 

Corrosion specimens are normally removed f o r  examination a t  approxi- 

mately 2000-hr i n t e r v a l s ,  but  when operating problems were encountered 

they were removed more frequent ly .  

t h e  sump tank, and t h e  piping w a s  cooled t o  room temperature p r i o r  t o  

specimen removal. 

during specimen removal t o  minimize a i r  contamination of t h e  inner  sur- 

faces  of t h e  remaining piping.  

tubing t h a t  contained t h e  specimens. Immediately after the  specimens 

were removed, t h e  open ends of t h e  piping Trere sea led  t o  allow s l i g h t  

argon pressur iza t ion  of t h e  system while t h e  specimens were cleaned and 

inspected.  

The salt  inventory w a s  drained i n t o  

An argon purge flow w a s  maintained through t h e  loop 

Tubing c u t t e r s  were used t o  remove t h e  

The specimen s t r i n g e r s  were r e t r i eved  from t h e  tubing after gr inding 

t h e  t ack  weld which joined them t o  t h e  inner  tubing surface.  

w a s  done ca re fu l ly  so  t h a t  t h e  specimens could be r e i n s t a l l e d  i n  t h e  same 

tubing from which they were recovered. 

r e s idua l  sa l t  drople t s  by placing them i n  w a r m  d i s t i l l e d  water f o r  about 

1 h r  followed by e t h y l  a lcohol  washings and a i r  drying. 

were then measured and weight changes ca lcu la ted .  

The gr inding 

The specimens were cleaned of 

Specimen weights 



42 

Fig.  19. Appearance of t h e  s a l t  pump bowl a f t e r  draining sa l t  a t  
1000°F a t  conclusion of 2000-hr run (model LFB pump). 
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PHOTO 963118 

Fig. 20. Typical s a l t  deposi ts  remaining on support s t r u c t u r e  and 
heat  b a f f l e s  of LFB pump af te r  draining sa l t  at 1000°F a t  conclusion of  
2000-hr run. 



44 

3.5 S a l t  Sampling 

S a l t  samples w e r e  taken a t  t h e  start of t h e  test  and a t  about 500-hr 

i n t e r v a l s  t h e r e a f t e r .  The salt  w a s  analyzed p r i o r  t o  operat ion i n  MSR- 

FCL-1 (Table 5 ) ;  t h e  o r i g i n a l  salt  charge contained high concentrat ions 

of me ta l l i c  impuri t ies  (Fe, N i ,  C r ,  Mo). 

of t hese  impuri t ies  have been r a t h e r  e r r a t i c  with t i m e ,  probably due t o  

inadvertent  moisture contamination of t h e  salt  inventory.  Some general  

t rends  were observed i n  t h e  salt  analyses af ter  seve ra l  thousand hours 

of operation. For example, t h e  chromium concentrat ion increased from 

66 t o  -250 ppm and t h e r e a f t e r  remained at t h a t  genera l  level,  t h e  i r o n  

concentration dropped from 407 ppm and remained a t  about 70 ppm, and t h e  

n i cke l  and molybdenum concentrations were reduced t o  less than 10 ppm. 

The changes i n  concentrat ion 

Table 5 .  Analysis of sodium f luoroborate  salt  
p r i o r  t o  operat ion i n  MSR-FCL-1 

Ma 

B 

F 

C r  

Fe 

N i  

Mo 

HZ O 

O2 

21.876 

9 .i4$ 
67.9% 
66 PPm 

407 PPm 

53 PPm 

41 PPm 
-400 ppm" 

-400 ppm 

a Analysis questionable.  

A c ross -sec t iona l  view of t h e  salt  sampler i s  shown i n  Fig. 7 .  
copper bucket i s  at tached t o  t h e  lower end of t h e  sampler assembly, and 

t h e  assembly i s  then a t tached  t o  a hydrogen furnace s o  t h e  bucket i s  i n  

t h e  heated zone, and t h e  bucket i s  f i r e d  i n  hydrogen a t  l l O O ' F  f o r  30 min. 

A P t e r  f i r i n g ,  t h e  bucket i s  pro tec ted  a t  a l l  times by an argon atmosphere 

while being moved t o  t h e  t es t  s tand .  The sampler container  and holder  i s  

A 
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a t tached  t o  a Swagelok coupling on t h e  pump tank r iser .  

tween t h e  two closed b a l l  valves  i s  evacuated and back f i l l e d  w i t h  helium 

a t  least  four  times before  the  b a l l  valves are opened t o  lower t h e  sample 

bucket i n t o  t h e  pump tank .  

f o r  s eve ra l  minutes t o  insure  f i l l i n g ,  af ter  which it i s  r a i s e d  above t h e  

lower b a l l  valve and allowed t o  cool f o r  30 min. It i s  then  withdrawn t o  

a pos i t i on  above t h e  upper b a l l  valve,  and t h e  valve i s  c losed.  The t o p  

por t ion  of t h e  assembly, including t h e  upper b a l l  valve,  i s  disengaged, 

and t h e  sample i s  removed from t h i s  assembly wi th in  a dry box. The de- 

t a i l e d  sampling procedure i s  given i n  Appendix C .  

The volume be- 

The bucket i s  he ld  below t h e  l i q u i d  surface 

3.6 Summary of Corrosion Resul ts  

The weight changes of t h e  corrosion specimens i n  MSR-FCL-1 are 

p lo t t ed  i n  Fig.  21 f o r  t h e  e n t i r e  operating per iod.  The corror ion rate 

gradual ly  decreased during t h e  f i r s t  9500 h r  of operat ion.  

The specimens operat ing a t  t h e  highest  tpmperature (1090°F) showed 

t h e  g r e a t e s t  weight loss ,  which w a s  equivalent  t o  a uniform metal removal 

rate of 0.001 in . /year  af ter  9500 h r .  The lowest corrosion rate occurred 

during a 29OO-hr period (6700 t o  9600 h r ) ,  when t h e  weight loss rate w a s  

equivalent t o  0.0003 i n .  /year .  

i f  more highly p u r i f i e d  salt  w e r e  used. 

Corrosion rates would probably be reduced 

Operation d i f f i c u l t i e s  af ter  9600 h r  r e su l t ed  i n  an undetermined 

amount of a i r  and moisture inleakage t o  t h e  salt  system. The d r a s t i c  

e f fec ts  of this inleakage are shown by the  sharp increase i n  the weight 

change at a sa l t  exposure t i m e  of 10,000 h r .  

t o  t h a t  experienced i n  a thermal convection t e s t  loop’ when w e t  a i r  came 

i n  contact with t h e  salt  due t o  a defec t ive  cover gas l i n e .  

This behavior i s  s i m i l a r  c 

CONCLUSIONS 

A materials compatibi l i ty  loop  w a s  assembled and operated f o r  

10,000 h r  t o  inves t iga t e  corrosion of Hastel loy N by sodium f luoroborate .  

Automatic cont ro ls  adequate t o  prevent damage t o  t h e  system due t o  

upsets  during unattended periods of operat ion were developed and appl ied.  
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Fig. 21. Weight changes of removable s tandard Hastelloy N specimens 
i n  flowing sodium f luoroborate  (MSR-FCL-1). 



Corrosion specimens and salt samples were rout ine ly  yemoved f o r  

ana lys i s .  

An ex i s t ing  salt  pump design and ava i lab le  components were success- 

f u l l y  adapted f o r  salt c i r cu la t ion .  

LFB, at 5000 rpm f o r  2000-hr periods is  a m a x i m u m  p r a c t i c a l  service con- 

d i t i o n  f o r  t h e  grease-lubPicated bearings when t h e  pump i s  be l t  dr iven.  

Operation of t h e  salt pump, model 

Degradation of t h e  sal t  pump seal leakage oil due t o  contact with 

low concentrations of BF3 has not been a problem at  a salt temperature 

of 950°F during 2000-hr operating periods.  

d i f fus ion  of BF3 vapors from t h e  pump bowl gas space t o  t h e  seal region 

i s  s u f f i c i e n t l y  r e s t r i c t e d  t h a t  t h e  BFs concentration does not become 

c r i t f e a l .  !.Thus purge flows t o  prevent t h i s  d i f fus ion  are not necessary. 

This r e s u l t s  i n  a g r  a t l y  s impl i f ied  purge gas system. 

I n  t h e  LFE3 pump geometry, 

Heak t r a n s f e r  performance of t h e  sodium f luoroborate  agrees w e l l  

with standard heat t r a n s f e r  co r re l a t ions .  

Sodfum fluoroborate exh ib i t s  good d r a i n a b i l i t y  at about 1000 "F. 

In  wel l -vent i la ted  areas r e l a t i v e l y  simple v e n t i l a t i o n  and shielding 

enclosures may be used f o r  low-temperature BF=, tubing and gas panels 

because of $he v i s u a l  warning provided by t h e  "white smoke" which forms 

from t h e  yeaction of BFs with moist a i r .  

Sodium fluorcaborate i s  e a s i l y  contaminated by air  when i n  t h e  molten 

state, %nd grea t  care t o  prevent a i r  i n l  akage i s  required i n  a l l  phases 

of operation 

The corrosion rate of Hastelkoy N specimens a t  lO9O"F av 

0,OOQ in,/year during 9500 hr of  operation and w a s  reduced t o  about 

ar dwfng  t h e  last uninterrupted 2900 h r  of operation, The 

corrosfon ra%e increased sharply with air inleakage. 

A new system design should be provided f o r  fu tu re  tests t o  achieve 

improved pump capab i l i t y  and r e l i a b i l i t y ,  higher salt flow ve loc i ty ,  

and a more f l ex ib l e ,  r ap id  specimen removal technique. 

F'uture tests should be designed t o  allow corrosion specimen re- 

moval without dumping t h e  s a l t  inventory. This would prevent d i lu t ion  



of t h e  c i r cu la t ing  salt Inventory with t h e  salt remaining i n  t h e  dump 

tank and s implify in t e rp re t a t ion  of t h e  corrosion processes.  

The design of fu tu re  salt corrosion test loops should provide an 

emergency heating system which w i l l  al low t h e  pump t o  be stopped with- 

out subsequent f reez ing  of t h e  salt  * 

A s u i t a b l e  BF8 "scrubber" must be developed f o r  fu tu re  sodium 

f luoroborate  pump systems, s o  t h a t  BFa vent l i n e s  can be operated for 

long periods without plugging, ac id  formation, or  back d i f fus ion  of 

w & e r  vapor i n t o  t h e  salt  system, 

The effec-t, of sodium f luoroborate  p u r i t y  on corrosion rate should 

be determined i n  future pumped corrosrEon test f a c i l i t i e s .  Techniques 

f o r  control led pu r i f i ca t ion  of %he salt  w i l l  be required.  
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Appendix A 

MSR-FCL-1 FLOWSHEET 
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Appendix B 

MSR-FCL-1 CONTROL SYSTEM DESCRIPTION AND OPERATING 
PROCEDURES FOR UNATTENDED OPERATION 

CONTROL SYSTEM DESCRIPTION 

Introduct ion 

The cont ro l  system of MSR-FCL-1 was revised during J u l y  and August 

1970 t o  permit unattended operat ion of t h e  loop during evening and nigbt  

s h i f t  per iods.  This descr ip t ion  i s  intended t o  a s s i s t  i n  t h e  operat ion 

of t h e  loop and t o  provide guidance i n  t h e  event of any d i f f i c u l t i e s  en- 

countered during operat ion,  

The automatic cont ro l  system i s  designed t o  t r a n s f e r  t h e  loop opera- 

t i o n  from "design," or normal, conditions t o  "isothermal," or standby, 

conditions i n  t h e  event design l i m i t s  a r e  exceeded o r  a malfunction of 

equipment occurs 

The p r inc ipa l  changes i n  t h e  cont ro l  system a r e  (1) t h e  c i r c u l a t i n g  

pump i s  shut  off i n  t h e  event of an a l a r m  condition, ( 2 )  l o s s  of pump 

lube and cooling o i l  flow i s  included a s  an a l a r m  condi t ion t h a t  w i l l  

t r a n s f e r  t h e  loop t o  rsisothermal," or standby, condition, and ( 3 )  a con- 

t r o l  was added t o  automatical ly  provide t h e  proper amount of hea t  t o  

maintain t h e  s a l t  inventory molten with t h e  pump o f f .  

rJorma.1 Ox,era.tion 

I n  t h e  normal (design)  mode of operation, two sec t ions  of piping 

between t h e  pump discharge and cooler  i n l e t  a r e  heated by d i r e c t  r e s i s -  

t ance  hea t .  This hea t  i s  removed i n  t h e  finned cooler  t o  provide a 

temperature d i f fe rence  i n  t he  c i r c u i t .  

s a l t ,  and a constant speed blower with a manually adjusted damper provides 

a i r  flow f o r  hea t  removal from t h e  finned cooler .  During normal operat ion 

t h e  following conditions ex i s t :  

1. s a l t  i s  c i r c u l a t i n g  i n  t h e  loop and t h e  pump i s  on; 

2. t h e  pump lub r i ca t ing  and cool ing o i l  i s  flowing; 

3. t h e  two direct-resis tance-heated sec t ions  a r e  supplied with s u f f i c i e n t  

An LFB pump c i r c u l a t e s  t h e  molten 

power t o  provide t h e  des i red  temperature r i s e  i n  t h e  s a l t ;  
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4. t h e  air  blower i s  on and t h e  cooler housing door ( t o p  of cooler  

housing) i s  open t o  provide s u f f i c i e n t  cooling to reduce salt t e m -  

peratures  t o  des i red  level; 

5.  t h e  coeler d i r e c t  res i s tance  hea ter  i s  o f f .  

Standby Operation 

Tne loop i s  preheated by d i r e c t  r e s i s t ance  heat ing during standby 

operation except in t h e  pump bowl sec t ion  and t h e  dump tank region, which 

are  heated by Galrod ekectrfc  hea te r s ,  Direct  r e s i s t ance  heat  f o r  normal 

and standby operation is applied through th ree  separate  cont ro l  systems. 

The two main heater sec t ions  (used f o r  normal operat ion)  are supplied 

from one control system, and r e s i s t ance  hea%ing of the en$ire loop (used 

f o r  standby operat ion)  is cont ro i ied  by a second cont ro l  system. 

cooler i s  preheated by t h e  tliird separate  resisdance heat  cont ro l  system, 

During normal (design) operation $his hesb w i l l  not be applied.  With a 

loss of salt circulation, t h e  cooler hea te r  circuit and loop resis%ance 
heater  circuld; along with the pwmp bowl heat  w i l l  maintain -the salt  i n -  

ventory above the f reezing point s 

conditions exfst: 
E.  

me 

During standby operat ion t h e  following 

salt fs not c i rcu la t ing ;  t h e  p u p  is off  (Rote :  

erated, if desired,  i f  the alarm in te r lock  r e l a y  is manually bypassed); 

t h e  pump may be op- 

2. 

3 .  
t h e  pmp Iubriea%ing and cooling oil i s  flowing; 

ranged -bo heat the e n t i r e  loop except t h e  cooler; 
4. t h e  cooler d i r e c t  resfs$anee heater  i s  on; 

the Poop E r e c t  resistance heater  is energized with the c i r c u i t  ar- 

5. the air blower is of f  and the  c o d e r  housing door i s  closed. 

A B ~ O O - A  c i r c u i t  breaker i n s t a l l e d  in t h e  main r e s i s t ance  heat supply 

transformer secondary prov9des a meam of t r ans fe r r ing  from high power 

(normal) operat ion t o  standby opemtion.  The following alarms w i l l  t r a n s -  

fer t h e  loop from normal to standby conditions:  

E .  high loop t@anperatuy.e, 
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r 

2.  low loop temperature, 

3. low pump speed, 

4. low lube o i l  flow (10 sec delay before t r a n s f e r )  e 

Ekneraencv Power Svstem 

An automatic t r a n s f e r  i s  made t o  t h e  diesel-generator  bus i n  t h e  

event of a bui lding power outage. The design includes a t i m e  delay, s o  

t h a t  f o r  an outage of less than 2 sec, the  loop w i l l  continue on AT op- 

e ra t ion .  For an outage of over 2 sec,  t h e  diesel generator i n  the base- 

ment (which w i l l  have s t a r t e d  immediately upon a power failure) w i l l  be 

timed i n  t o  provide cont ro l  power, res i s tance  heat  t o  t h e  loop, resis- 

tance hea t  t o  t h e  cooler,  pump power, lube o i l  motor power, pump bowl 

heat,  dump tank heat ,  and dra in  l i n e  hea t .  

I n i t i a l  S ta r tup  and Preheat 

Refer t o  flowsheet, Dwg. 10486-~-001, Rev. 3, f o r  valve loca t ions  

and funct ions.  

1. Caution: S t a r t  o i l  pumps before applying heat  t o  t h e  system t o  

prevent accidental  overheating of the bearing and seals within t h e  LIT3 

PWP e 

The two lub r i ca t ing  and cooling o i l  pumps are s t a r t e d  by s tar t  

switches (labeled Nos 1 and 2)  i n  the magnetic amplif ier  cabinet The 

pumps are i n  p a r a l l e l  i n  t he  o i l  c i r c u i t ,  and either or  both pumps can 

be turned on. With the cont ro l  switch i n  -&he "of f"  or  "preheat" posi t ion,  

%he pumps can be s t a r t e d  o r  stopped by the "start" switches. 

cont ro l  switch i n  t h e  "on" o r  "automatic" posi t ion,  operation of the  lube 

o i l  pwnps i s  cont ro l led  by t h e  lube o i l  flow switch. On l o s s  of o i l  flow 

t h e  standby pump w i l l  be automatically s t a r t e d .  

With the 

2 ,  Preheat t h e  main loop by manually c losing t h e  400-A fused sa fe ty  

switch supplying t h e  main res i s tance  hea ter .  

i s  open. 

The 1600-A c i r c u i t  breaker 

Se t  bypass switches 1.3, 14, 15, 16, 1.7, 18, and 22 i n  t h e  
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"preheat" pos i t ion .  

through t h e  magnetTc ampliffer .  

t o  t h e  sa turab le  reac tor  a t  -EO on t h e  potentiometer d i a l .  

Tke dc supply t o  t h e  sa turab le  r eac to r  i s  "on" 

Se t  t h e  potentiometer supplying power 

3. P4-ehea-L t h e  cooler by closing t h e  30-A fused s a f e t y  switch 

supplying the cooler res i s tance  heaker c i r c u i t .  Automatic c losing of 

t h e  contactor ttC13's i n  t h i s  c i r c x i t  is permitted through Nci contact ~ 8 - 6 .  
Bypass switch 16 (cabinet; 2 )  s h e d d  be closed ("down" pos i t ion)  manually 

t o  prevent shutdown of co ler heater  when r e l a y  R8 i s  energized. 

4. Close the 60-A fused sa fe ty  switch supplying var iab le  t r a n s -  

formers through the I.5-kVA transformer.  This energizes all a u i P i a r y  

heating c i r c u i t s  e 

a. Close $he fused sa fe ty  switch labebed "Emergency Power Supply" 

t o  complete t h e  c i r c u i t  f o r  diesel pomr  i f  a buildfng power failure 

0ccuy"s 0 

b Heat dump tank t o  -9OO"F. ( e dump tank  h at should be turned 

on -12 h r  befoye s t a r tup ,  as the tank heats  very sEowly.) 

c .  Meat the  dra in  B h z e  (except t he  freeze valve)  t o  -800°F. 
5 ,  Pressuri~e $he loop wfth h e l f m  -3 ps ig .  

a, 

exc i t a t ion  0 

Close t h e  30-A fused safety switch to t h e  normal c lu tch  supply 

eontact push-brxWiton, c losing t h e  pump starter and also 
feeding $he cPdtch, Selector  switch "SS" is s e t  at "offo" Relay I35 i s  

closed 0 

e a 

d. 

6,  

Adjtas% t h e  pump speed to -500 rpm (cabinet  S )  

Se t  the low pump speed alarm a t  bbO0 rpm. 

The pump seal purge should be flowing through the thermal con- 

duc t iv i ty  c e l l  a$ -80 e@/mino 

7. After all loop -b mperature s ar at 850 t 0  1200"F, pOSft%Qn 

valves for %be loop f i l l i n g  operation as f o l l ~ w s .  Be sure all heater  

lug temperatures are 8% least 9OO"F. The valve pos i t i on  shown w i l l  
allow pressurizing t h e  &xmp tank  f r o m  one of the helfwn cyl inders ,  while 

t h e  second cyl inder  i s  used t o  maintain loop purge gas flow and pressure.  

L 



55 

Open Closed - 
HV 1-3 HV 19 HV 30 
HV 16 HV 20 HV 46 
HV 24 HV 21 HV 81 
HV 35 HV 22 HV 83 
HV 82 KV 26 HV 84 

HV 27 HV 117 
HV 28 HV 139 

8. 
9 .  Close HV 21. 

Thaw t h e  freeze plug by closing HCV 110 and turning up t h e  heat 

Adjust t h e  flow through FI 17 by opening HV 21 t o  -0.2 f t 3 / h r .  

10. 
on t h e  f i l l  l i n e  (Variac 8, panel 3 ) .  

b l .  Open HV 22 and HV 81 t o  pressurize  t h e  dump tank slowly t o  push 

Dump tank pressure of -5 p s i  above loop i s  required f o r  salt i n t o  loop. 

loop f i l l .  

12.  

( P I  116 i s  loca ted  i n  pump enclosure.)  

Slow t h e  gas flow t o  sump by closing HCV 16 when t h e  lower pump 

probe l i g h t  comes on. 

1-3. 
14. Close HV 24. 

15. 

Close HCV 16 when t h e  top  pwnp probe l i g h t  comes on. 

Open IEV 26 s l i g h t l y  t o  drop t h e  salt  l e v e l  u n t i l  t h e  t o p  probe 

l i g h t  goes o f f .  

16. Close HV 26. 

17* Turn off  Variac 8 and s tar t  a i r  flow through t h e  freeze valve 

by opening HCV 110. 

18- When t h e  freeze valve is frozen, open HV 26 t o  vent t h e  dump 

tank t o  -4 ps ig ,  

19. 
20. 

Close HV 81, 26, and 82. 

Check t h e  pump seal purge and t h e  thermal conductivity c e l l  

recorder e 

21. Blower and damper cont ro l  permissive r e l ay  R 8  i s  now energized 

by manually c losing switch 15  ("down" pos i t i on ) .  

closed, it seals i tself  i n  through contact ~ 8 - 3 ,  pa ra l l e l ing  switch 15 .  
I n  order t o  permit shutdown of t h e  blower and damper on long-time l o s s  

of power, switch 15 i s  now opened manually ( "up" o r  normal operating 

pos i t i on ) ,  The cooler blower main cont ro l  power (switch and breaker on 

t h e  breaker rack) should be - off  t o  prevent blower s t a r t u p  u n t i l  needed. 

When t h e  r e l ay  i s  



22. Increase t h  pump speed t o  t h e  des i red  Bevel, For 4 gpm (-10 

fps )  a speed Of M O O  to 5000 is adegiuate. Check pump for excessive OP- 

e ra t iona l  noise,  v ibra t ion ,  or" a possible  o i l  Beak i n  the ro t a ry  union. 

23. With the l o  temperatures above 950"F, manually c lose t h e  

n t h e  east s ide  of the  loop enclosure)  and a6oo-~ breaker (Boc 

ase t h e  main res i s tance  hea t  potentiometer t o  -80% and t u r n  

off the c o d e r  hea ter  by placing switch 16 i n  t h e  operate (up)  pos i t i on ,  

n loop temperatures start increasing,  t u r n  on t h e  cooler 

blower using $he start swftch and $he b r  aker on the breaker rack. The 

s l id ing  damper on %he blower in take  should be closed. 

5. Open the door on the t op  of the cooler- housing and engage t h e  

i d J  whfeh w i l l  hold the door open. 

26. Open the s l i d i n g  damper a little a% a t i m e  as r qin'clired $0 ad jus t  

t h e  Poop temperature to the  des i red  level. 
pos i t ion  f o r  long-term 

Lock the damper i n  -the f i n a l  

27. Place all bypass switches (1 t h r  ugh 18, and 2 ) i n  t h e  operate 

o r  automatic pos i t i on ,  

8, Place t h e  bui lding alarm switch (ISio, 23) i n  the  "up" pos i t ion  

to a c t i v a t e  the bui lding alarm and s igna l  t o  t h e  p lan t  shift supervisor 

(ms )  0 

29 Make f i n a l  adjustments on the temperature con t ro l l e r  (TIC-1, 

cabinet 2 )  and t h e  blower damper, as required,  t o  obtain the des i red  

temperatures OM %he metaBPusgfcsl specimens. 

Main Transformer - H w t o  Control 

The power t o  the main power supply is eont ro l led  by d i rec t  cur ren t  

on a sa iurable  reactor,  

Amp, C&bo) st zero,  there is still some dc cument  i n  t h  

With t h e  potentiometer adjustment knob (Mag. 

gfves what is called "dc l e  

Pyr-o-vane @on"srsller cuts off  de completely, as evidenced by t h e  main 

age current"  to the heater sec t ion .  If the 

r supply alarm l i g h t  coming on, t he re  i s  still avai lab le  what i s  

termed s P m i n i m w n  Ee&sge current"  %s %he h 

Should the temperature reach the set point  of the Pyr-o-vane, the 

dc will be c u t  off and t h e  loop t r ans fe r r ed  t o  f so th  mal condi t ions.  
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Resistance heat w i l l  be reappl ied as soon as temperature has dropped 
below the set point .  

of temperature should a high-temperature alarm condition occur. 

Therefore, the  Pyr-o-vane gives  "on-off" cont ro l  

When an alarm condition has occurred and the  loop has been t r ans -  

ferred t o  t h e  standby condition, power for r e s i s t ance  heating of t h e  

e n t i r e  loop i s  cont ro l led  through t h e  second potentiometer (Mag. Amp. 

Cab.), which must be prese t  t o  de l ive r  t h e  cor rec t  amount of power t o  

keep loop temperatures above t h e  salt Piquidus temperature (725 OF) but  

below -1200°F. The cor rec t  s e t t i n g  f o r  the isothermal heat i s  deter- 

mined during s t a r t u p  and i s  indicated on t h e  potentiometer s ca l e .  

Posi t ion of Control Switches During Normal Operation 

The following l i s t  of switches and cont ro ls  includes a br ief  expla- 

nat ion of each as t o  i t s  funct ion and pos i t ion  during normal operation. 

Note: The ''up'' pos i t ion  i s  the proper pos i t ion  f o r  a l l  switches 

during normal operation with a AT, except switch 22, which i s  down or  

i n  t h e  "automatic" pos i t ion .  

- 

1. Conty.ol Cabinet No. 1 

a. Switches 1 through 12 are alarm s i l ence  switches associated with 

each of t h e  12 alarm l i g h t s .  These switches are f o r  acknowledging t h e  

alarm condition and w i l l  s i l ence  t h e  b e l l  only, Whenever any of these 

switches are i n  t h e  "down" (acknowledge) pos i t ion ,  t h e  blinker l i g h t  

w i l l  be on. 

b o  @Butch supply se l ec to r  switch ("SB") w i l l  be i n  the "off' '  po- 

s i t i o n  t o  give normal power supply t o  the c lu tch .  

supply i s  disconnected. 

me aux i l i a ry  c lu tch  

c .  Switch 20, the bui lding and p lan t  s h i f t  supervisor (PSS) alarm 

bypass, should be i n  the "up" pos i t ion  t o  allow bui lding and PSS s igna l .  

d o  Switch 21, the loop containment a i r  flow alarm, has been re- 

moved. 

t h i s  switch i s  no longer needed. 

e .  

This alarm now i s  loca ted  on the  "Tigerman" annunciator, and 

Switch 22, during normal operation, should be i n  "automatic" 

(down) pos i t ion  to allow pump shutoff  f o r  high and low temperature and 



low pump speed. 

pump automatically except on l o s s  of o i l  flow. 

On "test" pos i t i on  t h e  switch prevents stopping of t h e  

2 .  Control Cabinet No. 2 

a. Switch 13, t h e  low-temperature automatic-operation bypass, w i l l  

be l e f t  i n  open o r  "operaterr pos i t i on .  

operations due t o  POW temperature. 

b l e  and v i s i b l e  alarms, 

When closed, it prevents automatic 

Note: This does not bypass t h e  audi- - 

b. Switch 14, t h e  automatic operation bypass switch, w i l l  be l e f t  

i n  "operate '' p o s i t i  n. 

automatic ac t ions  from tak ing  place and i s  t o  be placed i n  "test" pos i t i on  

only when t e s t i n g  t h e  variolxs alarm c i r c u i t s  and during a c t u a l  "preheating" 

o r  "thawing" of t h e  Poop, 

I n  s s t e s t "  pos i t i on  it w i l l  prevent any of t h e  

> )  

e .  Switch 15,  t h e  automatic operation r e l a y  reset, w i l l  be l e f t  i n  

t h e  closed or  psope~a'tx's pos i t i on  t o  allow automatic operation i n  t h e  

event o f  an alarm condition. The switch i s  placed i n  "operate" pos i t i on  

soon after s t a r t u p  of a Poop t o  allow s e a l - i n  of r e l a y  8, which d i r e c t l y  

performs t h e  automatic operation. Thereafter,  it d P B  be used only t o  

"reset" t h e  automatic operation c i r c u i t s  (af ter  t h e  cause f o r  same has 

been c leared  and t h e  loop i s  ready t o  go back on AT).  

d.  Switch 16, t h e  cooler hea te r  con t ro l  switch, w i l l  be l e f t  in 
open o r  psoperate's pos i t i on .  %'his allows r e l a y  a c t i o n  t o  supply r e s i s t ance  

cooler i n  %he vent o f  an alarm condition r equ i r ing  it. On 
ispreheatpp position it w i l l  allow hea t  t o  be appPi d to t h e  cooler wfthout 

an akam condition. 

Switch 17, t main r e s i s t ance  hea te r  switch,  dn be l e f t  i n  

pos i t i on .  mis w i l l  al low t h e  eGoo-~ bre&er 

t o  t r i p  during an alarm condition. 

t r i p p i n g  of t h e  byeaker automatically.  

I n  "preheat," p o s i t i o n  it w i l l  prevent 

f. Switch 18, t h  

on closed o r  990peratefs pos i t i on .  

low-temperature or  t h e  Low-clutch-sp ed alarm. 

after a low-clutch-speed alarm, it w i l l  automatically p lace  t h e  c lu t ch  

supply back on t h e  normal supply, provfded it i s  ava i l ab le .  

alarm, it d E Q .  reset t h e  alam r e l a y  only. 

low-speed and low-temperature reset, w f l l  be l e f t  

This serves as a reset f o r  e i t h e r  t h e  

When t h e  switch is res&, 

When reset f 
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g. Switch lg i s  not i n  use. 

h .  A summary table of the switch pos i t ions  i s  presented i n  Table 

B .1 .  

Heater and Gas Controls During Noma1 Operation 

1. The cooler heat cont ro l  var iab le  transformer w i l l  be prese t  dur- 

ing s t a r t u p  t o  provide su f f i c i en t  heat t o  the cooler t o  prevent f reezing.  

This s e t t i n g  ( ind ica ted  on f ron t  dial)  should be changed only i f  t he  

cooler  heater c i r c u i t  i s  i n  use and an adjustment of cooler temperatures 

i s  necessary. 

2 .  The cooler preheat vol tage meter gives an ind ica t ion  of t h e  

vol tage across  the cooler lugs during appl ica t ion  of power t o  t h e  cooler 

c o i l .  

than temperatures) t o  the c o i l .  

1% is the  only pos i t ive  ind ica t ion  of power being appl ied (o the r  

3. The loop res i s tance  heat cont ro l  ( t h e  potentiometer i n  the  M a g .  

Amp. Cab ) w i l l  be pres  t during s t a r t u p  t o  provide s u f f i c i e n t  heat t o  

the loop piping (except cooler)  t o  prevent f reezing i f  the loop i s  auto- 

mat ical ly  %ransferred %o isothermal or  standby. 

indicated on t h e  potentiometer d i a l .  

The proper s e t t i n g  i s  

4. The catch bas in  flowmeter should have a s l i g h t  bleed of helium 

(-80 cclmln) as indica ted  by t h e  flow indica tor ,  F I  91, i n  the BF3 

cubicle a 

5.  The pump pressure should be between 6 and 8 psig ( the pressure 

recorder i s  i n  the pressure recorder cab ine t ) .  

6. The dump tank pressure should be between 3 and 4 ps ig .  

equal izer  and veri% valves should be closed (HV 84 and HS7 

83) 8 

Abnormal Conditions 

1. Switch Posi t ions During Standby 

During standby (prehea t ) ,  switches 17, 18, and 19 are open ("down" 

posi t ion) ,  as shown by t h e  operation of alarm l i g h t  L 11. 

a l l  th ree  switches are closed ("up" pos i t ion)  and the l i g h t  i s  o f f .  

During "operate," 
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Switch 11 must be "off ' '  during "preheat" to shut of f  b e l l  and f l a she r .  

When closed during "operate," switch 11 w i l l  permit t h e  b e l l  and f l a she r  

to funct ion should any of t h e  th ree  switches be opened manually (human 

e r r o r )  a 

During "preheat, switches 13, 14, 15,  and 16 are closed ( "down" 

pos i t i on ) ,  as shown by t h e  operation of alarm l i g h t  L 12. 

"operate," a l l  four  switches are open ("up" pos i t ion)  and the  l i g h t  i s  

o f f .  

f l a she r .  

and f l a she r  to function i n  event any of t h e  four  switches should be 

closed manually (human e r r o r )  a 

During 

Switch 12 must be "off"  during "preheat" to shut off t h e  b e l l  and 

When closed during "operate," s d t c h  12 w i l l  permit t h e  b e l l  

2.  Pump Speed Low 

Low pump speed w i l l  cause t h e  following ac t ions  automatically:  

a .  The pump ac motor, and thus t h e  c i r cu la t ing  pump, i s  stopped. 

b .  The blower i s  stopped. 

e .  The door on t o p  of cooler housing i s  closed.  

d. The ~GOO-A b r  aker i s  opened, and t h e  loop is res i s tance  heated 

around e n t i r e  c i r c u i t  except f o r  t h e  cooler  coil. 

e.  The power supply t o  t h e  main loop r e s i s t ance  hea ter  i s  switched 

from the  main loop hea t  cont ro l  mode t o  t h e  isothermal heat cont ro l  mode, 

which i s  prese t  750 provide t h e  reduced hea t  to t h e  loop, as required,  on 

l o s s  of salt  c i r cu la t ion .  

f. The res i s tance  heat t o  t h e  cooler coil i s  turned on. 

g A s igna l  i s  t ransmi t ted  to t h e  Plant S h i f t  Superintendent 's  (PSS) 
off i c e  1 

mperature High 

A high loop temperature w i l l  cause t h e  same ac t ions  as described 

i n  2, above. 

4. Loop Temperature Low 

A low-temperature alarm w i l l  cause t h e  same ac t ions  as i n  2, above. 
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5. High or Low Loop Heater Power 

High o r  low loop hea ter  power w i l l  give l o c a l  

alarms only. 

bui lding,  and PSS 

6. High o r  Low Loop Pressure 

High o r  low loop pressure w i l l  give loca l ,  bui lding,  and FSS alarm 

only a 

7 .  Loss of Pump Lube O i l  Flow 

If the  pump lube o i l  flow fa l l s  below a p rese t  value,  t h e  second 

o i l  pump d P 1  be s t a r t e d  automatically.  If flow i s  not re turned within 

10 see, t h e  a@ pump dr ive  motor (and thus t h e  salt c i r cu la t ing  pump) is 

stopped. 
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Appendix C 

MSR-FCL-1 SALT SAMPLING PROCEDURE 

1. 

10486R008E. 

I n s t a l l  t h e  sample bucket i n  t h e  sample holder ( R e f .  Dwg. 

2 .  F i r e  sample bucket a t  lower end of sample tube i n  the  Reactor 

Chemistry furnace at 600"c f o r  30 min under hydrogen gas .  

l i g h t  t h e  hydrogen vent on t h e  furnace during f i r i n g .  

Be sure  t o  

3. L i f t  t h e  sample bucket out of t h e  furnace t o  j u s t  below f i r s t  

b a l l  valve; let it cool under an argon gas purge f o r  30 min. 

4. 
t h e  valve t o  isolate  t h e  bucket with 10 psig of argon over pressure,  

Close gas valve HV 137. 
nace 

L i f t  t he  sample bucket above top  b a l l  valve (Hv 114) and close 

Remove t h e  sample holder assembly from t h e  f u r -  

5. 
6 .  

I n s t a l l  t he  sample holder assembly on t h e  pump sample l i n e .  

Set t h e  gas valves i n  t h e  following order ( R e f .  Flowsheet Dwg. 

10486ROOlE) : open Hv 61 ( f o r  pump purge); open Hv 13; open pv 1 4  fu l ly ;  

open H@V 16, 19; close Hv 20, 21, 22, 119. 
7. Se t  t h e  vacuum valves i n  t h e  following order: c lose HV 132, 

t u r n  on t h e  vacuum pump, open HV 122, 124, 138, 11.5, 113, 136. 
t h e  system down t o  HV E37 and b a l l  valve 112. 

Pwnp 

Iw 138 (vacuum valve) .  

Pressurize t h e  system with helium t o  IIV 137 and 9. Open HV 119. 
b a l l  valve HV E12 

10. Open HV 114 and Kv 137. 
kl. Close Hv IS9 (gas valve)  # 

12.  

13. 

Open HV 138 (vacuum valve). 
Alternately pressurize  t h e  system with helium and pmp t h e  sys- 

t e m  down with a Welch mechanfeal vacuum pump at least four  t i m e s .  

14.  Close HV 138 and open KV 119. - 

15. Open HV 3-12 (Bower b a l l  valve)  and push the  sampler t o  t h e  

bottom of t h e  pump bowl; leave i t  i n  t h i s  pos i t ion  f o r  5 t o  10 min. 

L i f t  t h e  sampler above HV 112 (lower ball valve) and c lose  16. 
valve Hv 1x2. 
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17. Let t h e  sample cool f o r  about 30 min. 

18. Close HV 11-9; open HV 138 (pump on the  sample t o  remove BFs 

gas) .  
19.  Close HV 138; open HV 1-19; l i f t  t he  sample above HV 114 and 

close HV 114; c lose HV 136, 113, 137, 115, 119. Tighten the  Swagelok 

f i t t i n g  on the  push rod. 

20.  Remove t h e  sample holder a t  the  Swagelok f i t t i n g  between HV 
114 and 112 and between HV l l 5  and 137. 

21. Close HV 13. 
22. Deliver t he  sample t o  Metals and Ceramics personnel f o r  

analysis .  

. 
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