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I N T R O D U C T I O N  

The Energy Technology Engineering Center ( E T E C )  i s  operated f o r  the U . S .  

Department of Energy ( D O E )  by the Energy Systems Group (ESG) of Rockwell 
International.  

The ETEC compl ex contains several m u 1  t i  purpose t e s t  faci  1 i t i e s ,  including 
some of the world's l a rges t  c i rculat ing sodium loops. 
maintained and operated in support of DOE'S Liquid Metal Fast Breeder Reactor 
( L M F B R )  Program. 
i n  Hanford, Washington, have been tested here, and s imilar  tes t ing for the 
C 1  inch River Breeder Reactor ( C R B R )  , i n Tennessee, i s  planned or underway. 

These f a c i l i t i e s  are  

Major components of the Fast F l u x  Test Faci l i ty  ( F F T F ) ,  located 

This technical progress report covers a l l  o f  ETEC's a c t i v i t i e s  in support of 
the LMFBR program during Calendar Year 1981. 
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SUMMARY 

ETEC t e s t  components and systems assoc ia ted  w i t h  l i q u i d  me ta l  r e a c t o r s  i n c l u d e  
h e a t  exchangers, c i r c u l a t i n g  pumps, va l ves ,  and r e l a t e d  i n s t r u m e n t a t i o n .  

co re  mechanisms a r e  eva lua ted  f o r  performance i n  sodium, b u t  no n u c l e a r  f u e l s  o r  

r a d i o a c t i v e  m a t e r i a l s  a r e  handled on s i t e .  

v iew o f  a l l  t e s t i n g  a c t i v i t i e s  d u r i n g  Calendar Year 1981. 

o f  a l l  ma jo r  t e s t  programs forms t h e  balance o f  t h i s  r e p o r t .  

Reactor 

Th is  summary p r o v i d e s  a b r i e f  ove r -  

A d e t a i l e d  d e s c r i p t i o n  

PUMPS 

I NTERM ED I ATE-S I ZE I NDUC ER PUM P 

Sodi um Performance 

An FFTF pump (14,500 g a l / m i n )  f i t t e d  w i t h  an i n d u c e r  was assembled, i n s t a l l e d ,  

and t e s t e d  t o  determine head- f low c h a r a c t e r i s t i c s  and s u c t i o n  performance ove r  a 

wide range o f  o p e r a t i n g  c o n d i t i o n s .  

conducted a t  reduced NPSH. 

Subsequent ly,  a 1000-h endurance t e s t  was 

1/5-SCALE INDUCER PUMP 

Water Performance 

Fac i  1 i ty  modi f i  c a t i o n s  were completed f o r  t e s  ti ng a 1/5-scal  e i nducer pump 

T e s t i n g  w i l l  c o n t i n u e  through FY 1982 t o  
(3200 gal/min). 

completed, and t e s t i n g  was i n i t i a t e d .  

f u l l y  c h a r a c t e r i z e  head- f low and c a v i t a t i o n  performance of t h e  u n i t .  

T h e  pump was r e c e i v e d  and i n s t a l l e d ,  f a c i l i t y  checkouts were 

CRBR FLAT, LINEAR INDUCTION PUMP 

Sodi um Performance 

The CRBR EM~pump was t e s t e d  i n  sodium i n  t h e  SCTI a t  f l o w s  up t o  800 g a l / m i n  
and head p ressu res  o f  200 p s i .  
1 1 3 O O F .  

t i o n s  t e s t i n g ,  and extended o p e r a t i o n s  (endurance) a t  900°F. 

T e s t i n g  occu r red  a t  temperatures between 450 and 

I n c l u d e d  were performance t e s t i n g ,  o f f - l i m i t s  t e s t i n g ,  emergency cond i -  

A 
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PIPING AND VESSELS 

TRANSITION JOINT LIFE TEST 
Thermal Trans i en t Test i ng 

Two 18-in.-diameterY 1-in.-thick piping test articles, each containing a 

While under load, the test articles were subjected to 

Testing was terminated at 81 transients on one test article and 

bi-metall ic dnd a tri-metall ic welded joint, were subjected to a continuous 
400,OOG-1b tensile load. 
10°F/s thermal transients frotri 1100 to 8OO0F and then, at a lower transient rate, 
down to 2OOoF. 
50 on the other after the discovery of cracks that exceeded the maximum size 
specified for shutdown. 

INSERVICE INSPECTION TESTS 
Simulated Reactor inspection Conditions 

A i6-in.-diarneter test pipe section containing circumferentiai welds with 
calibrated defects was installed in a circulating sodium loop. 
was itiaintained at reactor refueling conditions in order to test an ultrasonic 
scanning inspection mechanism. 

The test section 

8-IN. PIPE TEST 
Creep Ratchetting 

An 8-in.-diameter Type 304 stainless steel pipe was subjected to a series o f  

A continuous tensile load of 180,000 l b  was maintained on the 
thermal downramps from 1100 to 5OO0F at a rate of 6OoFjs, followed by 16-h hold 
periods at llOO°F. 
test article. 
second one, which is undergoing an identical test series. 

The test article failed after 19 cycles and was replaced by a 
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P I P I N G  AND VESSELS 
(Cont inued)  

ELECTRICAL HEATERS 

L i f e  T e s t i n g  

The e l e c t r i c  hea te r  t e s t  program eva lua tes  hea te r  performance under t y p i c a l  

o p e r a t i n g  c o n d i t i o n s  and o v e r s t r e s s  c o n d i t i o n  t o  a c c e l e r a t e  f a i l u r e  r a t e .  

t o t a l  o f  81,000 h o f  t y p i c a l  o p e r a t i o n  was accumulated on 20 m i n e r a l - i n s u l a t e d  

cab les .  S i x  m i n e r a i - i n s u l a t e d  cab les  were sub jec ted  t o  26,000 thermal  c y c l e s  

( o v e r s t r e s s  t e s t s ) .  

Nine t u b u l a r  hea te rs  were sub jec ted  t o  58,000 thermal cyc les .  Tubu lar  hea te r  

t e s t i n g  was a l s o  conducted. 

1 i f e  eva i  u a t  i on .  

A 

The cab les  were manufactured i n  t h e  U.S., France, and Germany. 

Ten heaters  were t e s t e d  t o  f a i l u r e  i n  acce le ra ted  

INSTRUMENTATION 

SODIUM LEVEL MEASUREMENT 

Dry Checkout and Sodium T e s t i n g  

Severa l  systems were evaluated,  i n c l u d i n g  i n d u c t i v e ,  d i s p l a c e r  f l o a t ,  and 

d i f f e r e n t i a l  p ressure .  The t e s t  program inc luded  foreign-made dev ices  as p a r t  o f  

an i n t e r n a t i o n a l  exchange program. Sodium l e v e l  t ransducers  accumulated 43,000 h 
o f  performance and 7 i f e  t e s t i n g  a t  sodium temperatures between 400 and 120OOF. 

SODIUM PRESSURE MEASUREMENT 
Dry Checkout and Sodium T e s t i n g  

Two t ypes  o f  h igh- tempera ture  pressure  measurement systems were eva lua ted :  

s t e a d y - s t a t e  and dynamic pressure.  The f i r s t  t ype  i s  used i n  LMFBR p l a n t s  f o r  
performance i n f o r m a t i o n  ana p l a n t  p r o t e c t i v e  systems. The second t y p e  i s  used 

p r i m a r i l y  i n  t e s t  f a c i l i t i e s  t o  r e c o r d  o f f -no rma l  c o n d i t i o n s .  Sodium t e s t i n g  

parameters ranged f rom 0 t o  300 p s i  and f rom 250 t o  1200°F. T e s t i n g  o f  13 sodium 
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u r e  t duc 

INSTRUMENTATION 
(Cont inued ) 

f rom t h r e e  d i f f e r e n t  manufacturers  t o t a l l e d  more than 

100,900 h o f  e leva ted- tempera ture  performance. 

LARGE SODIUM FLOWMETERS 

Sodium T e s t i n g  

Three sodium fiohrlneters w i t h  16- in . -d iameter  p ipes  were eva lua ted  f o r  o u t p u t  

versus  f l o w ,  sodium temperature e f f e c t s ,  and response t ime.  The f lowmeter  types  

were sadd ie  c u i l ,  s i n g l e  p a t h  u l t r a s o n i c ,  and v e n t u r i  bypass. C a l i b r a t i o n s  were 

conducted over  a f l o w  range o f  1,000 t o  18,000 ga l /m in  a t  temperatures f rom 400 

t o  1059OF. 

SODIUM FLOWMETERS 

Sodium T e s t i n g  

Four permanent magnet f lowmeters  w i t h  p ipes  1 i n .  i n  d iameter  were c a l i b r a -  

These t e d  over  a f l o w  range o f  2 t o  10 gal/m-in i n  sodium between 400 and 8OO0F. 

f lowmeters  were c a l i b r a t e d  i n  suppor t  o f  t h e  annu la r  l i n e a r  i n d u c t i o n  pumps 

(ALIPs) used by HEDL i n  t h e  t r a n s i e n t  f u e l  p i n  t e s t s .  

HIGH-TEMPERATURE STRAIN GAGES 

Opera t iona l  T e s t i n g  

High- temperature s t r a  n gages a r e  used t o  measure s t resses  d u r i n g  sodium 

component t e s t i n g .  S t r a i n  gage d a t a  a r e  used t o  e v a l u a t e  t h e r m a l l y  induced c reep 

r a t c h e t  i n  p i p e s  and t r d n s  t i o n  j o i n t s ,  dynamic response o f  p i p i n g ,  and in -s t ream 

genera to r  t e s t i n g .  The two types  o f  gages be ing  t e s t e d  a r e  capac i tance and weld- 

a b l e  r e s i s t a n c e  gages. 

Res is tance gages, depending on t h e i r  in tended a p p l i c a t i o n ,  a r e  t e s t e d  up t o  900 

o r  llOO°F. 

s t r a i n  gage t e s t i n g  t i m e  were recorded i n  1981. 

Capacitance gages a r e  t e s t e d  f rom ambient t o  120G°F. 

Res is tance gages a r e  a l s o  t e s t e d  i n  sodium. More than 95,000 h o f  
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INSTRUMENTATION 
(Continued ) 

PUMP BEARING ?ROXIMITY MEASUREMENT 
Proximity Transducers 

I 

The ultrasonic proximity transducer design progressed from the experimental 
More than 5800 h of static sodium operation were level to an operational model. 

accumulated on the first operational unit. 
temperatures between 400 and l lOO°F. 

250 mils to accommodate LSBR pump requirements. 
improved to simplify operation and increase signal-to-noise ratio. 

Calibrations were conducted at sodium 
The displacement range was extended to 

The signal conditioning was 

VALVES 

COMMERCIALLY AVAILABLE VALVES 

A test program was initiated to investigate the suitability o f  commercially 
available valves for sodium service. Program objectives are reductions in cost 
and in procurement lead time. 
more than 61 valves from four different manufacturers. 

Prorriising test results were obtained this year on 

CRBR VALVES 

A hardware testing program aimed at quaiifying valves of different sizes for 
CRBR sodium service is underway. In addition to out-of-sodium checkouts, 
in-sodium testing included cycling tests, leak tests, flow tests, thermal tran- 
sient tests under simulated pipe-loading conditions, and seismic testing. 

HEAT EXCHANGERS 

SOD I UM-WAT ER REACT I GN TEST 
Sodium Testing 

During 1981, three tests in which failures were induced in steam generator 
tubes were conducted. Two o f  t h e  tests were double-ended guillotine failures of 
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a cen- t ra  

HEAT EXCHANGERS 
(Cont inued)  

and a p e r i p h e r a l  tube u s i n g  h igh-pressure  subcooled water on t h e  tube 

s ide .  

p ressu re  steam on t h e  tube s ide .  

The t h i r d  tube f d i l u r e  was induced u s i n g  a p res i zed  o r i f i c e  w i t h  h igh -  

Wastage e f f e c t s  on ad jacen t  tubes and l e a k  d e t e c t i o n  performance c a p a b i l i t i e s  

were mon i to red  f o r  a l l  t h r e e  tube f a i l u r e  t e s t s .  

AUX I L  I A R Y  EQU IPMENT 

SELF-ACTUATED SHUTDOWN SYSTEM 

Based on p r o o f - o f - p r i n c i p l e  t e s t i n g  i n  FY 1980, f a c i l i t y  m o d i f i c a t i o n s  were 

implemented t o  improve i n j e c t i o n  performance and t o  p repare  f o r  a s e r i e s  o f  
"bowed-tube" t e s t s .  Renewed tes t ing o f  t h i s  improved ar t iculated control assem- 
b l y  and C u r i e - p o i n t  magnet w i l l  beg in  e a r l y  i n  FY 1982. 

LEAK DETECTOR EVALUATION 

Sodium i e s t i n y  

Acous t i c  m o n i t o r i n g  systems b u i l t  by t h r e e  d i f f e r e n t  manufac turers  Nere 
eva lua ted  f o r  t h e i r  a b i l i t y  t o  d e t e c t  steam/water leakage i n  steam genera tors .  

The dev i ces  were t e s t e d  i n  c o n j u n c t i o n  w i t h  t h e  l a r g e  l e a k  sodium-water r e a c t i o n  

t e s t  program. 

MATERIALS TESTING 

ABSORBER BALL ALLOY CORROSION 

Sodium T e s t i n g  

Tes ts  were conducted on cand ida te  m a t e r i a l s  f o r  an LMFBR shutdown mechanism. 

S i x  neut ron-absorb ing  meta l  s ( t a n t a l  urn, t a n t a i  um a1 1 oys , and t a n t a l  um w i t h  

p r o t e c t i v e  c o a t i n g s )  were exposed t o  sodiurn f o r  500 h over  a temperature range o f  

700 t o  12OOOF. 
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I .  LARGE L E A K  TEST RIG 
SODIUM-WATER F?EACTION TEST1 NG 

H.  H .  NEELY A d D  L .  M. PRESS 

A .  INTRODUCTION 

The Large Leak Test Rig ( L L T R )  was designed and  bu i l t  t o  measure the to ta l  
e f fec ts  of steam generator tube f a i lu re s  in near prototypical steam generator 
internals  and  plant piping. Series I 1  L L T R  tes t ing (Reference 1-1) u t i l i zed  the 
large leak t e s t  internals  ( L L T I ) ,  which a re  fu l l  s ize  in diameter b u t  shortened 
in length a n d  prototypic of the Clinch River Breeder Reactor ( C R B R )  steam genera- 
t o r .  The LLTI was instal  led in the large leak t e s t  vessel ( L L T V )  . 

The Series I1 program was designed t o  measure the e f fec ts  of intermediate 
Tube f a i l u r e  in a t o  l a rge  double-ended-guillotine (DEG)  steam tube f a i lu re s .  

1 iquid-metal f a s t  breeder reactor ( L M F B R )  steam generator resu l t s  in a n  exo- 
thermic, high-temperature, corrosive sodium-water reaction (SWR) t h a t  can waste 
surrounding tubes a t  a rapid ra te .  
causes heterogeneous heating (Reference 1-1) of nearby steam tubes in the reac- 
t ion region. Also, upon rupture disc f a i l u r e ,  continued injection will tend t o  
rapidly quench the reaction a n d  subsequently the SWR-heated surfaces of the sur- 
rounding medium. 
steam tubes (Reference 1 - 2 ) .  
pool wastage on a s t a t i c  heel and excessive sodium-water reaction p r o d u c t  (SWRP) 

buildup (Reference 1-3) .  
SWRP t h a t  was generated tends t o  h a n g  up on tube support spacers and other hard-  
ware and  can effect ively plug th i s  portion of a generator. 

Point source leak injection of t h i s  type 

These two e f fec ts  r e su l t  in thermoplastic deformation of the 
Continued injection has also been shown t o  cause 

When the sodium heel i s  drained from a generatcrS the 

Sodium-water reaction tes t ing in large steam generator models resu l t s  in 
spec i f ic  phenomena. Previously, there has n o t  been equipment available t o  meas- 
ure these phenomena. Therefore, t o  fu l ly  understand the SWR t e s t  r e su l t s ,  some 
instrumentation t o  make the measurements had t o  be conceived a n d  b u i l t .  These 
phenomena were principally steam tube wastage and deformation, spacer plate  defor- 
mation and location, and SWRP deposition i n  the tube bundle. 
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A n t i c i p a t i n g  t h e  problem o f  wastage measurement, i n  S e r i e s  I t e s t i n g ,  ETEC 

designed and b u i l t  an u l t r a s o n i c  t e s t i n g  (UT) d e v i c e  (Reference 1-4) t o  measure 

t h e  tube  w a l 1 , t h i c k n e s s  f rom t h e  bo res ide  of  t h e  tube.  T h i s  d e v i c e  measured a 

s i n g l e  p a t h  about  20' wide. R e a l i z i n g  t h a t  t h i s  was time-consuming, ETEC con- 

c e i v e d  and b u i l t  a bo res ide  r o t a t i n g  u l t r a s o n i c  t e s t e r  (BRUT) (References 1-2, 

-3, and - 5 )  designed t o  make t h e  measurement i n  a s i n g l e  pass; i t  i s  p r e s e n t l y  

i n  t h e  checkout phase. S e r i e s  I t e s t s  i n d i c a t e d  steam tube de fo rma t ion  t o  be a 

problem. For  S e r i e s  11, ETEC conceived and b u i l t  an i s o t o p e  scanning t e s t e r  

( I S T )  (References 1-2 and -3) t o  measure tube  deformat ion,  spacer l o c a t i o n ,  and 
SWRP d e p o s i t i o n .  

i n  S e r i e s  I 1  t e s t i n g .  

The IST has proven ve ry  usefu l  f o r  measur ing these phenomena 

Prev ious  ETEC annual r e p o r t s  have r e p o r t e d  on f o u r  S e r i e s  I 1  t e s t s ,  two 

n o n r e a c t i v e  and one r e a c t i v e  DEG and one d i r e c t e d  i n t e r m e d i a t e  l e a k  t e s t .  I n  

1981, t h e r e  were t h r e e  SWR t e s t s  performed. The f i r s t ,  A-6,  was a subcooled 

wa te r  DEG on t h e  p e r i p h e r y  i n  t h e  upper r e g i o n  of t h e  LLTI.  

t h e  dynamic system p ressu re  due t o  a DEG a t  t h e  bundle edge. 
The t e s t  measured 

The second t e s t ,  

A-7 ,  was a l s o  a subcooled wa te r  DEG b u t  i n  t h e  c e n t r a l  l o c a t i o n  nearer  t h e  bottom 

o f  t h e  LLTI.  That  t e s t  was designed t o  measure t h e  e f f e c t s  o f  a DEG a t  e l e v a t e d  

sodium p ressu re  i n  t h e  same l o c a t i o n  as a p r e v i o u s  n o n r e a c t i v e  t e s t .  The t h i r d  

t e s t ,  A-8, was an i n te rmed ia te -d i rec ted -superhea ted -s team t e s t  i n  t h e  upper cen- 

t r a l  r e g i o n  o f  t h e  LLT I .  The t e s t  was designed t o  measure and determine e x p e r i -  

m e n t a l l y  t h e  SWR e f f e c t s  d u r i n g  t h e  t i m e  r e q u i r e d  f o r  a r e a c t o r  au tomat i c  shu t -  

down system t o  sense t h e  f a i l u r e  and d e a c t i v a t e  t h e  p l a n t .  

Dur ing  CY 1981, ETEC p u b l i s h e d  a number o f  genera l  t e c h n i c a l  papers and two 

The t e c h n i c a l  p u b l i c a t i o n s  and p r e s e n t a t i o n s  were company r e p o r t s  on each t e s t .  

on SWR t e s t i n g ,  i n - s e r v i c e  i n s p e c t i o n ,  and ETEC-devised i n s p e c t i o n  equipment. 

They a r e  l i s t e d  i n  References 1-1 t h rough  1-8. 
t e s t  a r e  l i s t e d  as References 1-9 through 1-14. 

The ETEC r e p o r t s  d i s c u s s i n g  each 
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. DESCRIPTION 

1. F a c i l i t y  

The LLTR c o n s i s t s  o f  t h r e e  p r i n c i p a l  process systems ( F i g u r e  1 - 1 ) :  (1) a 

s t a t i c  sodium system, F igu res  1 - 1  and -2, which i s  e l e c t r i c a l l y  heated t o  o b t a i n  

temperature g r a d i e n t s  t h a t  w i l l  e x i s t  i n  an LMFBR p l a n t  and a steam g e n e r a t o r  i n  

p a r t i c u l a r ;  ( 2 )  a r u p t u r e  r e l i e f  system t h a t  s e a l s  t h e  sodium system w i t h  a 

double r u p t u r e  d i s c  assembly designed f o r  CRBR; and ( 3 )  a t h r e e - t a n k  wa te r  supp ly  

system t h a t  s u p p l i e s  water/steam t o  b o t h  ends o f  t h e  r u p t u r e  tube and p recond i -  

t i o n e d  water/steam t o  t h e  secondary tubes. I n  t h e  double r u p t u r e  d i s c  assembly 

o f  t h e  second system, when the  d i s c s  b u r s t ,  t he  sodium and SWRP d r a i n  i n t o  t h e  

r e a c t i o n  p roduc ts  t a n k  (RPT) through a t a n g e n t i a l  nozz le  t h a t  e f f e c t i v e l y  r e p r e -  

sen ts  a c y c l o n e  s e p a r a t o r .  

v e n t  t o  t h e  atmosphere through an i g n i t e d  s t a c k .  

The r e a c t i o n  gases (hydrogen and unreacted steam) 

2 .  Test A r t i c l e  

For S e r i e s  I 1  t e s t i n g ,  t h e  t e s t  a r t i c l e  i s  comprised o f  t h e  LLTI ,  a shor tened 

tube  bundle t h a t  s imu la tes  t h e  CRBR steam genera to r  ( F i g u r e  I - 3 ) ,  and t h e  LLTV, 

ETEC-38411 A 

F i g u r e  1-1. S i m p l i f i e d  Schematic o f  S e r i e s  I1  LLTR 
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h i c h  s i m u l a t e s  t h e  steam genera to r  s h e l l .  

c a l e  and, when combined w i t h  p r o t o t y p i c  tubes, tube suppor ts ,  and a s imu la ted  

The tube bundle d iameter  i s  f u l l  

tubesheet, resul ts  i n  a component sui table  for duplicating the effects  o f  a 
water /s team tube  f a i l u r e  i n  a f u l l - s i z e d  steam genera to r .  

The reason f o r  a t w o - p a r t  t e s t  assembly (LLTI-LLTV) i s  t h a t  t h e  LLTI  i n t e r -  

n a l s  have been designed f o r  removal f rom t h e  LLTV f o r  r e f u r b i s h m e n t  and i n s t r u -  

m e n t a t i o n  ( i f  needed) between t e s t s .  

o r  r e l o c a t e d .  A schematic showing s a l i e n t  f e a t u r e s  o f  t h e  LLTI i ns t rumen ted  tube 

l o c a t i o n s  i s  p resen ted  i n  F i g u r e  1-4. I n i t i a l l y ,  19 i ns t rumen ted  tubes were 

i n s t a l l e d  i n  t h e  LLT I .  The ins t rumen ts  shown a r e  f o r  a l ow  c e n t r a l  break; a f t e r  

t h e  A - 3  t e s t ,  i n s t r u m e n t a t i o n  ( thermocouples) tubes were added f o r  p e r i p h e r a l  

t e s t i n g  ( F i g u r e  1 -5 ) .  The ins t rumen ted  tubes con ta ined  thermocouples, p ressu re  

t ransducers ,  and s t r a i n  gages t o  measure t e s t  parameters and p ropaga t ion  o f  t h e  

SWR even t  r a d i a l l y  and a x i a l l y .  

I ns t rumen ted  tubes may be removed, rep laced ,  

Dur ing  an SWR t e s t ,  sodium occupies the  s h e l l  s i d e  o f  t h e  LLTV (wh ich  simu- 
l a t e s  a steam genera to r  s e c t i o n )  and i s  i n  a s t a t i c  c o n d i t i o n .  

which s i m u l a t e  p l a n t  f l o w i n g  sodium c o n d i t i o n s  through a steam genera to r ,  a r e  

e s t a b l i s h e d  by  e l e c t r i c a l  hea te rs  on t h e  e x t e r n a l  w a l l  o f  t h e  LLTV. The sodium 

system i s  i s o l a t e d  f rom t h e  r e l i e f  system by  r u p t u r e  d i s c s .  

s u r e  a t t a i n s  a s p e c i f i e d  range, t h e  d i s c s  b u r s t  and t h e  sodium p l u s  SWRP f l o w  

f r o m  t h e  LLTV th rough  t h e  r e l i e f  l i n e s  t o  t h e  RPT.  

Thermal g r a d i e n t s ,  

When SWR t e s t  p res -  

I n  t h e  wa te r  system, a s t a t i c  o r  dynamic f l o w  c o n d i t i o n  can be e s t a b l i s h e d  

i n  t h e  LLTI r u p t u r e  tube  p r i o r  t o  t e s t  w i t h  water  f l o w i n g  under p ressu re  f rom 

Tank T-1,  t h rough  t h e  r u p t u r e  tube, and then  t o  Tank T-2. I n  a l l  cases, t h e  

o t h e r  LLTI  (secondary)  tubes a r e  f i l l e d  w i t h  water/steam s u p p l i e d  f rom Tank T-3 
under s p e c i f i e d  condi  t i o n s  . 

Tube r u p t u r e  t h a t  i n i t i a t e s  a DEG o r  i n t e r m e d i a t e  even t  i s  e f f e c t e d  by t h e  

The LLID c o n s i s t s  o f  l a r g e  l e a k  i n j e c t i o n  dev i ce  (LLID),"  shown i n  F i g u r e  1-6. 

*Supp l i ed  by t h e  t e s t  r e q u e s t e r ,  G E .  
h 
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F i g u r e  1-6. Large Leak I n j e c t i o n  Device 

a c y l i n d e r  w i t h  a pneumatic p i s t o n  t h a t  can a p p l y  t e n s i o n  l o a d i n g  t o  the  r u p t u r e  

tube (pre-weakened a t  t h e  t e s t  s i t e  by a machined c i r c u m f e r e n t i a l  g roove ) .  

LLID i s  l o c a t e d  above t h e  LLTV head, and t h e  p i s t o n  i s  l i n k e d  t o  t h e  upper end o f  

t h e  r u p t u r e  tube.  The lower  end o f  t he  r u p t u r e  tube i s  welded t o  a n o z z l e  

a t t a c h e d  t o  t h e  bot tom head o f  t h e  LLTV. 
t o  t h e  LL ID  p i s t o n ,  t h e  r u p t u r e  tube i s  p u l l e d  a p a r t  t o  y i e l d  f a i l u r e  a t  t h e  p r e -  

The 

When adequate gas p ressu re  i s  a p p l i e d  

weakened groove, r e s u l t i n g  i n  a i ns tan taneous  g u i l l o t i n e - t y p e  f a i l u r e .  Should a 

l e a k  s m a l l e r  t han  g u i l l o t i n e  be d e s i r e d ,  t h e  f l o w  o f  wa te r  f rom t h e  g u i l l o t i n e  

f a i l u r e  would be c o n s t r a i n e d  by means o f  an i n t e r n a l l y  mounted s leeve  w i t h  a 

p r e s i z e d  l e a k  h o l e  d r i l l e d  through t h e  w a l l .  A schematic o f  t h e  two i n j e c t i o n  

dev i ces  i s  i n c l u d e d  i n  F i g u r e  1-6.  
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3. Test Program 

The original Series I 1  t e s t  matrix was divided into two separate groups. 
Group A consisted of seven t e s t s  (two gas injection t e s t s  a n d  f ive  water injec- 
tion t e s t s )  directed a t  identifying which type and s ize  of primary leak would 
generate the maximum tube damage. Group B consisted of f ive  additional t e s t s  
using the worst leak charac te r i s t ics  from Group A; however, th i s  portion of the 
program has been cancelled. A t  present, the only t e s t  remaining i n  Series IIA 
i s  A-5, possibly followed by destructive examination of the LLTI .  Upon conclu- 
sion of the t e s t  program, the following objectives are  anticipated: 

The potential f o r  secondary tube f a i lu re  will be 
t o  es tabl ish a basis for  selection of design-bas 
for LMFBR steam generators. 
Peak pressures experienced f o r  large leak events 
generators will be determined experimentally. 

defined in order 
s leaks ( D B L s )  

in large steam 

Design-basis methods f o r  large steam generators will be confirmed 
( o r  corrected) .  
Data will be provided t o  confirm adequacy of LMFBR design features 
t o  withstand SWR events. 
LMFBR r e l i e f  system performance will be determined. 
Data will be provided fo r  f a s t  drain,  cleanup, and  recovery actions 
following major steam generator leak events. 

In  addition t o  sodium-water reaction tes t ing ,  various i n t e r t e s t  inspections 
are  specified t o  meet program objectives.  
following each t e s t  t o  identify the e f fec ts  of the previous t e s t ,  verify the 
in tegr i ty  of the t e s t  a r t i c l e  for subsequent t e s t s ,  and es tabl ish t e s t  a r t i c l e  
instrumentation ava i l ab i l i t y .  Most i n t e r t e s t  examinations are  conducted with the 
LLTI i ns ta l  1 ed in the LLTV and  i ncl ude ul trasoni c , isotope scanning , borescopic , 
and leak tes t ing examinations on the L L T I ,  plus visual dye-penetrant, ul t rasonic ,  
and radiographic examination on selected portions of the L L T R .  

I n t e r t e s t  examinations are  performed 
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The t e s t  program i s  primarily intended t o  provide d a t a  required t o  es tabl ish 

team generator design parameters. To achieve th i s  goa l ,  the following t e s t  
variations have been planned: 

1) Leak Location - Various axial and radial rupture tube positions 
will be selected r e l a t ive  t o  internal components such as tube 
supports , flow baffles , and proximity t o  instrument elements. 
Leak Size -S izes  will range from intermediate leak t o  fu l l  
gui 1 lo t ine .  
Fluid Conditions - Water/steam dis t r ibut ion and flow rates  will be 
varied. 

2 )  

3) 

To meet various t e s t  requirements, the following techniques have been used 
as required: 

7 )  

13) 

Pressure wave magnitude and propagation mapping 
Bubble growth  mapping 
Vi sua1 damage inspection 
Pneumatic, hydraulic, and he1 ium l e a k  tes t ing 
Isotope scanning for  SWR deposition and bowed tubes 
Ultrasonic signature comparison o f  tube diameter and wall thickness 
with original baseline (wastage) 
Borescopic examination f o r  tube damage and reaction product 
deposi  ti ons 

Measurement o f  water/steam injection conditions 
Piping and vessel t ransient  pressure, temperature, and  s t r a in  
Secondary l i ne  loading from the acoustic pressure wave propagation 
Relief system transient  pressure, temprature, flow, and s t r a in  
responses 
Transient conditions in the RPT result ing from the entry of sodium 
and reaction products 
Vent sys tem performance , i ncl udi ng ai rborne par t icu la te  s i  ze and  

dis t r ibut ion a n d  downwind deposition from the LLTR stack. 
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C. TEST CHRONOLOGY, CONDIT IONS,  AND RESULTS 

Dur ing  t h e  1981 r e p o r t  p e r i o d ,  t h r e e  SWR t e s t s ,  SWRs A-6, A-7, and A-8 
(November 26, 1980, A p r i l  13, 1981, and J u l y  30, 1981, r e s p e c t i v e l y )  , were r u n  i n  

t h e  LLTR a t  ETEC. 

p u t  on hold;  then l a t e r  i n  t h e  y e a r ,  A - 4  was canceled and A-5 was reprogrammed t o  

be r u n  i n  C Y  1982. When A-5 ( p e r i p h e r a l  i n t e r m e d i a t e  superheated steam) has been 

run,  t h e  LLTI i s  expected t o  have a lmost  no t e s t  r e g i o n s  a v a i l a b l e  where t h e r e  i s  

no p rev ious  SWR damage. A t  t h a t  t ime,  t h e  LLTI w i l l  be ready f o r  r e f u r b i s h m e n t  

f o r  f u t u r e  t e s t i n g  and/or  p o s t - t e s t  d e s t r u c t i v e  examinat ion.  

SWRs A-4 and A-5 and t h e  S e r i e s  B p o r t i o n  o f  t h e  program were 

1. SWR A-6 

S e r i e s  I 1  SWR A-6 was a DEG SWR t e s t  w i t h  t h e  p r i m a r y  and secondary tubes 

f i l l e d  w i t h  subcooled water ,  t y p i c a l l y  a t  r e a c t o r  s t a r t u p  c o n d i t i o n s .  
poses o f  t h i s  t e s t  were t o  o b t a i n  da ta  on dynamic p ressu re  wave p ropaga t ion ,  

secondary sodium system l i n e  l o a d i n g  from t h e  a c o u s t i c  pu lse,  and r u p t u r e  d i s c  

response t o  a p e r i p h e r a l  r e a c t i v e  DEG i n  a hard sodium system and t o  a s c e r t a i n  

t h e  p o t e n t i a l  f o r  t ube  bundle damage from t h i s  p a r t i c u l a r  t e s t  a t  p r e s c r i b e d  

c o n d i t i o n s .  

The p u r -  

S e r i e s  I 1  SWR A-6 was performed on November 26, 1980. LLTR t e s t  c o n d i t i o n s  

f o r  t h i s  t e s t  were as f o l l o w s :  

DEG r u p t u r e  o f  a s i n g l e  tube w i t h  t h e  break s i t e  l o c a t e d  222.9 i n .  

above t h e  end of t h e  LLTI shroud. The t e s t  was r e a c t i v e  w i t h  f l o w  

through t h e  r u p t u r e  tube p r i o r  t o  r u p t u r e .  The LLTI/LLTV was i n  

t h e  evapora to r  s t a r t u p  power mode; t h e  LLTV sodium system was t o  

have been hard,  w i t h  t h e  system p r e s s u r i z e d  w i t h  n i t r o g e n  through 

t h e  surge tank.  
I n j e c t i o n  medium: subcooled wa te r  (58OOF). 

I n j e c t i o n  wa te r  f low r a t e :  upper, 41 gal /min;  lower ,  13.5 g a l / m i n .  

Rupture tube  supp ly  p ressu re :  T-1, 1680 p s i g ;  T-2, 1695 p s i g .  

Water/steam secondary system: 1615 p s i g .  
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Water/steam tubes and l ines:  

Sodi urn pressu re  (P-513) : 127 p s i g  . 
Sodium temperature: 580 f 10°F. 
LLTV w i t h  a l inear  temperature g r a d i e n t  from 570 k 10°F a t  the 
lower tubesheet t o  590 _+ 10°F a t  the upper tubesheet. 
The R D - 1  rupture d isc  assembly (double d iscs ,  325 psid) was pre- 
heated with an isothermal temperature of 573 * 20°F. 

580 _+ 10°F. 

This t e s t  general ly dupl icated the conditions and sequence of previous D E G  

rupture sodium-water t e s t s ,  w i t h  dynamic flow in the primary tube a n d  the plant 
i n  reactor s ta r tup  conditions. 
Table 1-1 was typical o f  a l l  DEG t e s t  a c t i v i t i e s .  

The  preprogrammed t e s t  event sequence shown in  

Sequence 

0- 

1 

2 
3 

4 

5 

6&7 

8 

9 

10 

11 

TABLE 1-1 
TUBE R U P T U R E  S E Q U E N C E  E V E N T  SCHEDULE 

Function 

O n ;  terminate heater and fan power; s t a r t  
analog tape.  
Close L L I D  vent, V-231B, and s t a r t  cameras. 
(Rapidly complete opening o f  Val ve V-201C. ) 

DNA 
Activate L L I D ,  open V-231A; f i r e  f lash 
bulbs, s t a r t  time. 
D e a c t i v a t e  L L I D ;  c l o s e  V-231A. 

R D - 1  rupture: vent a n d  close secondary 
tubes; close V-Z04A&B, open V-204F. 
Injection termination; close V-201A and 
V-203A&B (V-201B not open during t e s t ) .  
DNA 
Sodium drain and  rupture tube vent; open 
V-130A and V-203F. 
Purge H2 systems; open V - Z O l D & E ,  V-204D&E, 

Terminate t e s t ;  shut down HSC and ign i te r .  
V-203D&E. 

R* = time of  R D - 1  f a i l u r e  
R*S = timer activated by Sequence 7 or 8 

ETEC-82-1 
1-11 

Total 
~ ~ ~~~ 

0 

10 

- 

15 

- 

R*+4 

R*+ 30 

R*S+34 

R*S+44 

R*S 244 

Set  - 
- 

10 

15 

999 

4 

30 

999 
4 

10 

200 



When t h e  tube  was f a i l e d ,  t h e  a c o u s t i c  p ressu re  p u l s e  a t  R D - 1  r e s u l t e d  i n  

o n l y  $285 p s i  ( F i g u r e  I - 7 a ) .  Consequently, t h e  d i s c  d i d  n o t  f a i l  u n t i l  t h e  t o t a l  

system was p r e s s u r i z e d  t o  h y d r a u l i c  d i s c  f a i l u r e  by t h e  SWR i n j e c t i o n .  The 

54 ms upstream r u p t u r e  d i s c  f a i l e d  6.56 s i n t o  t h e  t e s t  ( F i g u r e  1-7b), f o l l o w e d  

l a t e r  by t h e  f a i l u r e  of  t h e  downstream d i s c .  Both d i s c s  f a i l e d  a t  325 ps 

P r i o r  t o  t h e  t e s t ,  t h e  LLTV and sodium p i p i n g  were hard f i l l e d  (no gas) .  
t ank  ( F i g u r e  1-2) was d i s p l a c e d  t h e  SWR event,  t h e  gas space i n  t h e  surge 

SWR p r e s s u r i z a t i o n .  The t e s t  r e s u l t e d  i n  

b e f o r e  R D - 1  r u p t u r e  d i s c  f a i l u r e .  

Dur i ng 

by t h e  
3. a d isp lacement  o f  $19 f t  o f  sodium 

The amp l i t ude  o f  t h e  a c o u s t i c  p u l s e  n t h i s  t e s t  was n o t  as h i g h  as had been 

a n t i c i p a t e d  f rom p r e v i o u s  SWR t e s t s  i n  t h e  c e n t r a l  r e g i o n .  

checked t o  be q u i t e  c e r t a i n  t h a t  a l l  t e s t  c o n d i t i o n s  were met. 

t e s t  r e v i e w  o f  t h e  process i n s t r u m e n t a t i o n  da ta  i n d i c a t e d  t h a t  t h e  r u p t u r e  tube 

had a l e a k  i n  one o f  t h e  fou r  welds.  
wa te r  ( t h e  secondary tubes had been f i l l e d  f o r  days),  t h e  sodium l e v e l  i n  t h e  

surge tank (L-505) and t h e  sodium p ressu re  (P-531) i n d i c a t e d  an increase;  t h e  

surge tank  gas was vented t o  s u s t a i n  t h e  r e q u i r e d  sodium p ressu re  f o r  t h e  t e s t .  

I t  i s  b e l i e v e d  t h a t  a m a j o r  f a c t o r  i n  reduc ing  t h e  a c o u s t i c  p ressu re  p u l s e  was 

p r o b a b l y  t h e  gas space ($8 ft ) a t  t h e  LLTI  tubesheet  where t h e  p u l s e  was a t t e n u -  

a ted ,  i . e . ,  n o t  r e i n f o r c e d .  A l l  t h e  welds except  one were des t royed  b e f o r e  they 

c o u l d  be examined; t h e  rema in ing  weld checked o u t .  

T e s t  parameters were 

However, p o s t -  

J u s t  a f t e r  t h e  r u p t u r e  tube was f i l l e d  w i t h  

3 

The amp l i t ude  of  t h e  i n i t i a l  p o r t i o n  o f  t h e  acoust  

t h e  i n j e c t i o n  s i t e ,  was on t h e  o r d e r  o f  280 p s i g ,  which 

c pu lse,  measured near  
was n o t  n e c e s s a r i l y  low 

f o r  t imes o f  e a r l y  p r e s s u r i z a t i o n ,  b u t  s i n c e  t h e  t e s t  was i n  t h e  upper p o r t i o n  o f  

t h e  LLTV and t h e r e  was a gas i n t e r f a c e  a t  t h e  tubesheet,  t h e  a c o u s t i c  p u l s e  was 

n o t  r e i n f o r c e d .  From t h e  i n i t i a l  measured p o r t i o n  of t h e  a c o u s t i c  pu lse,  and i f  

been re in fo rcemen t ,  i . e . ,  s o l i d  sodium a t  t h e  tubesheet,  t h e  r u p t u r e  

d have been f a i l e d  d u r i n g  t h i s  t i m e  r a t h e r  than by h y d r a u l i c  p r e s s u r i -  

6.56 s .  

t h e r e  had 

d i s c s  wou 

z a t i o n  a t  
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A temperature-vs-time plot  of an LLTI t ransient  thermocouple (TE-12-80) 
nearest the rupture s i t e  i s  shown in Figure 1-8. The thermocouple i s  located a t  63 
a 1.5-in. radial distance from and 26 in .  below the rupture. The reaction tem- 
perature increased t o  ~ 2 1 0 0 ~ F  before the disc fa i led  a t  6 .5  s .  When the sodium 
had drained from the general area,  the temperature dropped quickly t o  Q900°F in 
less  t h a n  1 s and  then cooled more slowly t o  4OO0F in a b o u t  8 s .  

Q 

ETEC DATA PLOT 

DIGITAL DATA AT 125 SAMPLES PER SECOND 
LLTR SWR A6 11-2680 

I 
t 1 

g 

8 
0 

u 

H 

H 

8 

0 2 4 6 8 10 12 14 16 18 m 
TIME FROM RUPTURE (seconds) 

ETEC-38605 

Figure 1-8. SWR Bubble Temperature Nearest the Rupture 
26 in .  Below and 1.5 in .  Radial 

Water in jec t  
(Table 1-1). Dur 
water a t  1700 psi 

on was programmed through rupture disc f a i lu re  plus 30 s 
ng the inject ion,  prior t o  disc f a i l u r e ,  ~ 3 5  l b  of subcooled 
and 58OoF was injected from the upper and lower ends o f  the DEG 

A 
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f a i l u r e .  The to ta l  t e s t  resulted in the injection of G ' O O  lb  of water, the major 
ort ion a f t e r  disc  f a i l u r e .  The lengthened inject ion,  in th i s  case,  did n o t  

r e su l t  in appreciable pool reaction in the lower r e l i e f  l i ne  area.  

A t  the time of the t e s t ,  wind velocity was 9 mph from the north. Twelve 
trays were positioned on the E T E C  s i t e  a t  distances from 49 t o  1370 m from the 
LLTR stack. 
deposition a t  130 m .  

2 There was s igni f icant  (5 .6  x mg/cm /day NaOH) downwind ground 

The 90-ft hydrogen-ignited exhaust stack from the RPT has a 5-psid rupture 
disc  to allow environmental control of the r e l i e f  system prior t o  t e s t .  The 
exhaust stack and ign i te r  served t o  ensure the controlled burning o f  the hydrogen 
evolved from the SWR event. 
5 lb*mass/min o f  nitrogen t o  prevent inside burning. 

photographs and 16-mm movies were taken of the stack flame. 
were compared t o  previous t e s t  movies t o  evaluate the SWR in tens i ty .  
shows photographs made d u r i n g  the t e s t .  
f in i sh  of the t e s t ,  which was typical of a l l  the t e s t s .  

Before t e s t ,  the RPT and stack were purged with 
During the t e s t ,  s t i l l  

These movie s t r i p s  
Figure 1-9 

The flame pulsated near the s t a r t  and 

Accelerometers were added t o  the LLTR system t o  measure the dynamic s t ruc-  
tural  response of sodium piping during Series I1 DEG t e s t s .  This information i s  
of no consequence during the intermediate leak t e s t s  b u t  will be used t o  evaluate 
piping support s t ructure  and computational models. I n i t i a l  instrumentation 
placed on the upper r e l i e f  l ine  consisted o f  nine high-temperature accelerometers 
(A502 t h r o u g h  A510, Endevco Model N22845M3-120) t o  measure ax ia l ,  l a t e r a l ,  and 
ver t ical  accelerations of Lines 106 and 107 as shown in Figure 1-10. The accel- 
erometers (A511 and  A512) added on s t ructural  supports for  Test A-6 are  indicated.  
I n  addition, ver t ical  l i ne  accelerometers, A503, A506, and A509, were remounted 
on the t o p  of the pipe. 
pipe twist  and  thus allow the accelerometers t o  measure true ver t ical  components. 

Vertical mounting should help eliminate the e f f ec t  of 
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F i g u r e  1-9. RPT S tack  F i r e  Taken S e q u e n t i a l l y  Dur ing t h e  T e s t  
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Figure 1-10. Location of Load Accelerometers 
on Secondary Sodium System 

2 .  SWR A-7 

SWR A-7 was the f i f t h  double-ended-guillot 
reactor s tar tup conditions. For t h i s  t e s t ,  the 
i . e . ,  there was no gas space. The t e s t  was r u n  
same conditions as  the nonreactive t e s t ,  A- la ,  

ne rupture t e s t  in the LLTI with 
LLTV was hard f i l l e d  with sodium, 
in the same location and w i t h  the 
ust  above Spacer 4 ,  and near the 

SWR A - 2  s i t e  for  d i r ec t  pressure-wave comparison. 
term t e s t  t h a t  represented a wastage propagation leak scenario in progress with 
creation of a n  effect ive DEG a t  an elevated sodium system pressure generated by 
the SWR. 
propagation, amplitude, secondary sodium l ine  loading response, rupture disc  
response, and  damage resul t ing from a short  DEG injection a t  elevated pressure. 
A short  injection duration (1 .5  s )  was required in order t o  l imi t  the potential 
fo r  damage t o  the LLTI. 

I t  was designed to be a short- 

Prime measurements desired of the t e s t  were dynamic pressure-wave 

For th i s  t e s t ,  water in t h e  primary tube was in the 
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dynamic ( f l o w i n g )  mode p r i o r  t o  tube f a i l u r e ;  t h e  secondary tubes were f i l l e d  

w i t h  low-pressure n i t r o g e n .  

325-psid diaphragms. 
The R D - 1  r u p t u r e  d i s c  assembly ( F i g u r e  1-2) had two @ 

Ser ies  I 1  SWR A-7 was per formed on A p r i l  13, 1981, a t  20:16:30:970. LLTR 

t e s t  c o n d i t i o n s  f o r  t h i s  t e s t  were as f o l l o w s :  

DEG r u p t u r e  o f  a s i n g l e  tube w i t h  t h e  break s i t e  l o c a t e d  i n  t h e  

c e n t r a l  tube and 127.75 i n .  above t h e  end o f  t h e  LLTI shroud. The 

t e s t  was r e a c t i v e ,  w i t h  f low th rough t h e  r u p t u r e  tube p r i o r  t o  

r u p t u r e .  The LLTI/LLTV was i n  t h e  evapora tor  s t a r t u p  power mode; 

t h e  LLTV sodium system was hard, w i t h  t h e  system p r e s s u r i z e d  w i t h  

n i t r o g e n  th rough t h e  surge tank .  

I n j e c t i o n  medium: subcooled water  (58OOF). 

I n j e c t i o n  wa te r  f l o w  r a t e :  upper, 40 ga l /m in  (es t ima ted ) ;  lower ,  
14 ga l /m in .  

Lower i n l e t  water  o r i f i c e :  0.141 i n .  

Rupture tube supp ly  p ressure :  T-1,  1800 p s i g ;  T-2, 1750 p s i g .  

Water/steam tubes and l i n e s :  

Sodi um pressu re  (P-523A) : 

Sodium temperature a t  i n j e c t i o n :  

Sodium l e v e l  i n  surge tank :  

LLTV w i t h  a l i n e a r  temperature g r a d i e n t  f rom 570 rt 10°F a t  t h e  

lower  tubesheet  t o  590 L- 10°F a t  t h e  upper tubesheet .  

The R D - 1  r u p t u r e  d i s c  assembly was preheated i s o t h e r m a l l y  t o  

573 5 20°F. 

580 k 10°F. 

255 p s i g  . 

24 ft3. 

580 ? 10°F. 

The water  i n j e c t i o n  f o r  SWR A-7 i s  c h a r a c t e r i z e d  by F i g u r e  1-11. The 

sequencer a c t i v a t e d  t e s t  t e r m i n a t i o n  (Tab le  1-1 changed t o  r e f l e c t  1 . 5 s  a c t i v a -  

t i o n  o f  R*) a t  1.5 s;  v a l v e  c l o s u r e  was between 2 and 3 s ,  i n d i c a t e d  by a r a p i d  

d r o p o f f  o f  f l o w  and pressure .  Even though F-503 (upper i n j e c t i o n  f l o w )  f a i l e d ,  

t h e  f l o w  was choked and, t h e r e f o r e ,  p r o p o r t i o n a l  t o  p rev ious  t e s t s  a t  40 ga l /m in .  

Te rm ina t ion  o f  upper i n j e c t i o n  f l o w  i s  i n d i c a t e d  by t h e  system pressure  drop 

measured by P-554 ( F i g u r e  1-11). 

were i n j e c t e d  f rom t h e  l ower  and upper ends, r e s p e c t i v e l y ,  o f  t h e  r u p t u r e  tube.  A 

Dur ing  t h e  t e s t ,  3.2 l b  and 11.6 l b  o f  water  
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Q T y p i c a l  p r e s s u r e f a c t i v i t y  d u r i n g  t h e  e l e v a t e d  sodium s i d e  p ressu re  DEG t e s t  

a t  subcooled c o n d i t i o n s  i s  shown i n  F i g u r e  1-12. The p ressu re  measurements were 

made on t h e  LLTV s h e l l  near  t h e  r u p t u r e  s i t e ,  upstream f rom the  R D - 1  r u p t u r e  

d i s c ,  and i n  t h e  c a v i t y  o f  RD-1  between t h e  two d i s c s .  The p ressu re  n e a r e s t  t h e  

r u p t u r e  s i t e  ( F i g u r e  1-12, P-617) shows an a c o u s t i c  p u l s e  o f  300 p s i  be ing  

r e i n f o r c e d  t o  385 p s i  a t  10 ms. 

(P-525 f a i l e d )  i n d i c a t e d  t h a t  t h e  f r o n t  d i s c  buck led  a t  about 5 ms and 325 p s i g ,  

which was t h e  d e s i g n  r a t i n g .  

280 p s i  a t  t h e  t i m e  of  d i s c  f a i l u r e .  

f a i l u r e  were h a r d l y  r e f l e c t e d  a t  t h e  l e a k  s i t e .  T h i s  was t h e  f i r s t  measurement 

o f  c a v i t y  pressure,  and s i n c e  P-525 f a i l e d ,  i t  was hard t o  d i r e c t l y  compare t h e  

dynamics i n  t h i s  r e p a i r  w i t h  p r e v i o u s  t e s t s ;  b u t  PRD-1C d i d  i n d i c a t e  t h a t  t h e  

i ns tan taneous  p ressu re  i n  t h e  c a v i t y  p r i o r  t o  t h e  second d i s c  f a i l u r e  may have 

been h i g h e r  t h a n  p r e v i o u s l y  though t .  

A p ressu re  t ransducer  %1 m upstream of R D - 1  

PRD-1C i n d i c a t e d  t h a t  t h e  c a v i t y  p ressu re  was 

The second d i s c  p r e s s u r i z a t i o n  and t h e  

F i g u r e  1-13 shows t h r e e  t y p i c a l  temperatures measured d u r i n g  t h e  t e s t  a t  

l o c a t i o n s  below t h e  i n j e c t i o n  s i t e  a t  127.75 i n .  Thermocouples 12-6, 12-5, and 

12-4 were f o r  measurement of  r e a c t i o n  bubb le  p r o p a g a t i o n  mounted r a d i a l l y  5 cm 

away i n  Tube 3002 a t  121, 113, and 109 i n . ,  r e s p e c t i v e l y .  The maximum tempera- 

t u r e  i n d i c a t e d  d u r i n g  t h e  t e s t  was below t h e  i n j e c t i o n  s i t e  and was %20OO0F 

( l l l O ° C )  a t  about  7 t o  8 s,  even though i n j e c t i o n  was te rm ina ted  a t  about 2 s by 

v a l v e  c l o s u r e  and t h e  sodium should have been d r a i n e d  f rom t h e  area %5 s i n t o  t h e  

t e s t .  

and t h e r e  was no a p p r e c i a b l e  temperature i n c r e a s e  u n t i l  t h e  sodium s t a r t e d  t o  

move f rom t h e  area; however, i t  a t t a i n e d  %13OO0F (720OC) and h e l d  i t  f o r  more 

than  20 s ,  when t h e  r e a c t i o n  neare r  t h e  i n j e c t i o n  quenched. 

measurements i n  t h i s  r e g i o n  a t  5 cm r a d i a l )  i n d i c a t e d  a somewhat heterogeneous 

p a t t e r n ,  as expected, b u t  i n  genera l  showed ~ 8 0 0 ~ F  (440OC) d u r i n g  t h e  f i r s t  6 s 

and between 1250 and 145OoF 700 and 8OO0C), c o n t i n u i n g  t o  more than 20 s w h i l e  

n o t  quenching. 

t i o n  c o u l d  have been o f f  t o  t h e  d i r e c t i o n  of t h e  tube t h a t  con ta ined  t h e  Ser ies  12 

thermocouples . 

The r e a c t i o n  a t  109 i n . ,  TE12-4, was o u t  o f  t h e  p r i m a r y  r e a c t i o n  r e g i o n ,  

Other temperature 

I n d i c a t i o n  was t h a t  a s l i g h t l y  l a r g e r  p o r t i o n  o f  t h e  upper i n j e c -  
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A t  the time of the t e s t ,  the wind was from the N N E  a t  0 to 1 mph. During 
a h i s  t e s t ,  trays were p u t  o u t  t o  sample stack f a l lou t  in the same positions as in 

the previous t e s t .  No s igni f icant  downwind ground deposition was received in any 
of the t rays ,  with an average deposition o f  8.5 x mg/cm per day. Average 
airborne concentration as sodium hydroxide was 17 x mg/m . 

2 

3 

The exhaust flame from the RPT stack was much less  intense than  i n  other 
t e s t s  due t o  the short t e s t .  

Since the RD-1  reverse-buckling double rupture disc  assembly was ins ta l led  
in the L L T R  to obtain information on disc f a i lu re  charac te r i s t ics ,  a number of 
d i f fe ren t  approaches were taken t o  measure the time a t  which the discs buckled 
and were subsequently cut by the knife blades. One of these approaches was t o  
measure disc  movement w i t h  a l inear  voltage d i f fe ren t ia l  transformer ( L V D T ) ,  
which proved n o t  t o  work due t o  the disc dynamics. 
plugs used for  plant information seem t o  be very r e l i ab le  and t o  give reasonable 
information on f a i l u r e  of the disc;  however, they gave no information on disc  
buckling. 
on the upstream flange of each rupture disc .  
fo r  t h i s  measurement. 
C R B R  only in conjunction with other measurement for disc ac t iv i ty .  

I n  another approach, spark 

To get  fur ther  information on disc ac t iv i ty ,  accelerometers were added 
These d a t a  proved unsatisfactory 

Consequently, spark plugs are being recommended for  use i n  

3. SWR A-8 

SWR A-8 was the second intermediate leak t e s t  performed during Series I1  
t e s t ing .  The intermediate leak t e s t  was run a t  superheater conditions and 
directed a t  a second-row tube. The t e s t  was designed t o  determine damage t o  a 
steam generator from an intermediate leak during the time required for  a n  a u t o -  
matic leak detection system t o  function. For t h i s  t e s t ,  the steam injection from 
the primary tube was in i t i a t ed  from the s t a t i c  mode ( n o t  flowing); the secondary 
water system was f i l l e d  with superheated steam a t  the same conditions as the pr i -  
mary fo r  prototypic injection in  case of tube f a i l u r e .  
assembly was ins ta l led  w i t h  only one 325-psid diaphragm. Upon t e s t  termination 
a t  40 s ,  the sodium system was pressurized with nitrogen t o  f a i l  the rupture d i sc ,  

The  R D - 1  rupture disc  

h 
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63 
The t e s t  was located in the upper central portion of the LLTI in Tube 4001, 

midway between Spacers 7 and 8 a t  197 in .  from the lower por t ion  of the LLTI 
shroud. 
a t  Tube 1029 (Figure 1-14) in the second row. 
o r i f i c e  t o  the target  tube was 1 .6  i n .  
r a t io  ( the  r a t i o  of the distance of the o r i f i c e  from the target  t o  the o r i f i c e  
diameter) o f  30, which would predict  a maximum wastage rate o f  the t a rge t  tube 
a t  these conditions. This type of injection assembly i s  shown in Figure 1-6. 
The LLTI/LLTV was run in the 100% superheater mode; the sodium system was run a t  
an elevated pressure and "sof t"  ( the  upper portion of the L L T V ,  the upper second- 
ary sodium header, and the surge t a n k  pressurized with gas) t o  extend the running 
time of the t e s t ;  the injection medium was superheated steam a t  900°F. 

The injection o r i f i c e  was a d r i l l ed  hole 0.054 in .  in diameter directed 
The distance from the injection 

These dimensions resulted in an L / D o  

W 

(GJ 

@ 
@ 

1058 
180' 

@ O O  

n n E T E C 3 8 6 7 6  

Figure 1-14. LLTI Tube  Array, SWR A-8 

Prime measurements desired from the  t e s t  were f a i l u r e  propagation, acoustic 
emission from the leak process, SWR bubble temperature, rupture disc  response, 
a n d  damage result ing from th i s  type of t e s t ,  i . e . ,  tube wastage a n d  deformation. 
The acoustic emissions result ing from the leak were recorded by AI ,  A N L ,  and G E .  
These d a t a  were n o t  analyzed by E T E C .  The sensors were mounted on the LLTV wall 
a t  the plane of the leak a n d  on the LLTI tubesheet. 
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Series I 1  SWR A-8 was performed in the L L T R  on Ju ly  30, 1981, a t  17:42:07:537. 
@LTR t e s t  conditions fo r  the t e s t  were as follows: 

DEG rupture of a s ingle  tube, exposing an  injection o r i f i c e  of 
0.054-in. diameter. The t e s t  was with superheated steam, with no 
flow t h r o u g h  the  rupture tube prior t o  rupture. 
Injection medium: 
Injection flow ra te :  0.07 l b / s ,  measured. 
Test elevation: 197 i n . ,  between Spacers 7 and 8 .  
Secondary water system: 
together on the t o p .  
Sodi um pressure (P-523A) : 
Sodium temperature a t  in ject ion:  900 ? 10°F. 

3 Sodium system: s o f t ,  a b o u t  140 f t  gas space. 
Sodium f i l l :  t o  i n l e t  header only. 
L L T V  temperature: 

superheated steam (900°F a t  1550 ps ig) .  

1550 psig steam from T-1 and T-3 valved 

180 psig . 

Zones 1 a n d  2 - 825 t o  900°F 
Zones 3 t h r o u g h  5 - 900 ? 10°F 
Zone 6 (steam head and tubesheet) - 75OoF 

RD-1 rupture disc  assembly: 
The t e s t  was designed t o  run for a predetermined time (40 s )  
before termination and n o t  activated by RD-1 f a i lu re  ( R *  s e t  to  0 
a n d  Sequences 5, 6 ,  and 7 activated t o  in jec t  for 40 s - Table 1-1).  

790 t o  675OF, single  d isc .  

The steam inject ion o f  SWR A-8 i s  characterized by Figure 1-15; the injec- 
t ion measured 0.073 l b / s .  
a f t e r  the L L I D  was activated (Table 1-1) .  A total  o f  a b o u t  2 . 7  lb of steam was 
injected during the 40-s portion of the t e s t ,  n o t  including blowdown. The increase 
in flow a t  40 s was due t o  the injection tube vent valve's  opening prior t o  closure 

The sequencer activated injection termination a t  40 s 

of the system supply valves, which were timed on the same sequence. 
pressure and system blowdown are shown in Figure 1-16. 
indicate t h a t  the injection o r i f i c e  did n o t  vary,  i . e . ,  there was no self-wastage 
o r  bellows f a i l u r e  during the t e s t ,  and t h a t  the system was blown down in 10 s .  

The injection 
The flow and pressure d a t a  
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Figure 1-15. SWR A-8 Steam Injection 

The temperature spectrum of Thermocouple 12-8, which was located i n  Tube 3002 
a t  197 i n . ,  i s  shown in Figure 1-17. 
as the t e s t ,  was 3.3 i n .  from the ta rge t  tube and 2 . 1  i n .  from the injection 
o r i f i c e  (Figure 1-14). 
t ion indicated an  increase of only a b o u t  7OoF. 
near the injection s i t e .  
indicated tha t  there was probably no secondary tube f a i lu re .  

The thermocouple, while a t  the same level 

The heat of reaction of the event measured a t  this loca- 
This was the only thermocouple 

Temperatures and  pressures measured during the t e s t  

D u r i n g  the t e s t ,  the event recorder indicated tha t  a l l  valves funct 
However, there was a properly, including the sodium drain valve, V-130. 

reason f o r  
scope exam 

oned 
ma 1 f u nc- 

t ion in the nitrogen pressurization system, which fa i led  to adequately pressurize 
the sodium cover gas to  f a i l  the R D - 1  rupture disc  w i t h i n  2 rnin; actual time of 
f a i lu re  was about 5 m i n .  This prolonged time for  disc  f a i lu re  was probably the 

deposition of  SWRP in the region of the injection such tha t  no bore- 
nation of t h i s  area could be done until  a f t e r  cleaning. I t  has been 
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shown i n  t h e  p a s t  t h a t  i f  t h e  sodium-conta in ing r e a c t i o n  p roduc ts  a r e  n o t  d r a i n e  

i n  a short  time, the SWRP will tend t o  agglomerate. However, as will be discuss 
l a t e r  i n  t h i s  r e p o r t ,  n o t  o n l y  was t h e r e  a d e p o s i t i o n  a t  t h e  t e s t  s i t e ,  b u t  
d u r i n g  t e s t  p r e p a r a t i o n  t o  superheater  temperatures,  t h e  lower  p o r t i o n  o f  t h e  

LLTV, e x p l i c i t l y  t h e  L-130 d r a i n  l i n e ,  had become plugged w i t h  p r e c i p i t a t e d  SWRP 

t h a t  d i d  n o t  d r a i n  t h e  heel  a t  a l l  when t h e  v a l v e  was opened. 

A f t e r  t h e  system had coo led  a p p r e c i a b l y ,  t h e  LLID and t h e  upper end o f  t h e  

r u p t u r e  tube  were removed. 

be l l ows  i n  t h e  i n j e c t i o n  assembly must be severed. 

To remove t h e  upper end o f  t h e  r u p t u r e  tube, t h e  

When t h e  l ower  p o r t i o n  of  t h e  r u p t u r e  tube was t o  be removed, i t  was found 

t o  be s t u c k  i n  i t s  p o s i t i o n .  

b e i n g  r u n  t o  a s c e r t a i n  sodiun/SWRP d e p o s i t i o n  i n  t h e  lower  p o r t i o n  o f  t h e  LLTI /  

LLTV. IST d e p o s i t i o n  t e s t s  i n d i c a t e d  d e p o s i t i o n  a lmost  t o  t h e  lower  nozz le .  
T h i s  was p a r t i a l l y  con f i rmed  by v i s u a l  o b s e r v a t i o n  o f  t h e  LLTI th rough  L i n e  124 
a t  R D - 1 .  There fo re ,  t h e  l ower  p o r t i o n  o f  t h e  r u p t u r e  tube was n o t  removed u n t i l  

a f t e r  c l  eani  ng . 

T h i s  was a t  t h e  t i m e  t h e  i s o t o p e  scanning t e s t  was 

I n  t h e  p r e v i o u s  t e s t ,  i t  was 

lower  p o r t i o n  o f  t h e  LLTV and t h a  

system would have t o  be cleaned. 

p o r t i o n  o f  t h e  r u p t u r e  tube  c o u l d  

t h a t  t h e  sodium heel  had o n l y  d ra  

below t h e  l ower  o u t l e t  header.  I 
i n  t h e  v e s s e l .  

T h i s  und ra i  ned 

c l e a n i n g  t h e  LLTV w 

t h a t  t h e  t e e  n o z z l e  

p roduc ts ,  which was 

d r a i n  v a l v e  (V-130) 

noted t h a t  t h e r e  was a p p r e c i a b l e  SWRP i n  t h e  
b e f o r e  a p e r i p h e r a l  t e s t  c o u l d  be run ,  t h e  

However, as ment ioned p r e v i o u s l y ,  t h e  l o w e r  

n o t  be removed. IST d e p o s i t i o n  t e s t s  r e v e a l e d  

ned ~2 t o  4 i n . ,  l e a v i n g  a sodium l e v e l  j u s t  

was c a l c u l a t e d  t h a t  %1500 l b  o f  sodium remained 

t h e  reason f o r  t h e  system's n o t  
opened as scheduled d u r i n g  t h e  

was no f l o w  communication th rough  t h e  LLTV, t h e  d ra  

sodium heel  rep resen ted  a major  problem f o r  c o n v e n t i o n a l l y  

t h  a l c o h o l .  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  problem revea led  

(14-20) and L i n e  130 were comp le te l y  f i l l e d  w i t h  r e a c t i o n  

d r a i n i n g  even though t h e  

e s t .  I t  was found t h a t  t h e r e  

n l i n e ,  and some nozz les;  
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therefore,  cleaning would have t o  be done by flowing the solvent in and o u t  o f  
G a r i o u s  ports .  

would have required a large volume of alcohol and a great deal of plant operator 
time. 

This approach would have been an extremely slow process t h a t  

I n  solving t h i s  problem, i t  was found t h a t  the material above the peripheral 
inject ion nozzle (N-11) was predominantly sodium. Therefore, a l i ne  was connected 
t o  t h i s  p o r t  and routed t o  Line 131, the drain l ine  t o  the reaction products t a n k ,  
bypassing Line 130. The lower portion of the L L T V ,  the added l i n e ,  and  Line 131 
were programmed t o  be heated t o  as much as 40OoF. 

indication of sodium drain by a temperature change in the drain l i ne  and evidence 
t h a t  gas flow communication was made t h r o u g h  the LLTV b u t  n o t  t h r o u g h  L-130. 
After t h i s  heatup and drain process was completed, the system was cooled a n d  the 
drain piping removed. This allowed the system t o  be cleaned with alcohol t o  
remove the lower portion of the rupture tube and c lear  a passage fo r  the A-5 
rupture tube. After cleaning, L-130 was cut between the LLTV tee and  V-130 
removed fo r  mechanical cleaning before re instal  l a t ion .  

During heatup, there was 

The L L T R  was cleaned only with Dowanol. The alcohol cleaning system was 
essent ia l ly  the same as was used previously and i s  shown schematically in Fig- 

ure 1-18. I t  was n o t  rinsed with ethanol due t o  a f i r e  t h a t  destroyed the pump. 
Sodium dissolution as a function of time i s  given in Figure 1-19. I n i t i a l l y ,  the 
Dowanol-PM contained 10.9 gm/l o f  sodium and 6 . 7  vol % o f  water. As i n  previous 
L L T R  solvent cleanings, the major dissolution was in the f i r s t  hour.  The to ta l  
sodium removed was ~400 l b .  

D .  INTERTEST ACTIVITIES A N D  RESULTS 

1. General 

As mentioned previously, i n t e r t e s t  inspection information i s  v i ta l  t o  a t t a in -  
ing the to ta l  program objectives.  These inspection t e s t s  reveal the e f fec ts  of 
the SWR t e s t  on the t e s t  a r t i c l e  and associated piping as well as the double 
rupture disc assembly, which i s  a t e s t  a r t i c l e  in i t s e l f .  The i n t e r t e s t  examina- 

n t ions ,  plus others i f  required, are:  
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8 

5)  
6 )  

7 )  

Tube leak tes t ing ,  including helium, pressure decay, a n d  hydro- 
s t a t i c  tes t ing 
Visual inspection of r e l i e f  l ines  
Examination of the R D - 1  assembly for  f a i lu re  charac te r i s t ics  
Dye-penetrant and UT examination of selected r e l i e f  l i ne  piping 
weld heat-affected zones ( W H A Z )  fo r  s t r e s s  corrosion cracking 

(see 1 
Radiography of the LLTV drain systen; for  SWRP residue 
IST of LLTI steam tubes for  deformation and SWRP deposition in the 
LLTV 
UT examination of LLTI steam tubes t o  measure SWR wastage. 

I n  most cases, the i n t e r t e s t  examinations were performed with conventional 
equipment and technique. 
wastage and deformation/SWRP deposition, there was no equipment available t o  make 
the required measurements. I n  these cases, E T E C  conceived t e s t s  and  bu i l t  equip- 
ment t o  permit the required measurements. 

However, in a t  l ea s t  two cases, UT inspection for  wall 

Series I SWR tes t ing in the L L T R  resulted in steam tube deformation a n d  SWRP 

The L L T R  t e s t s  
deposition. 
( N D E )  and techniques t o  achieve the t e s t  objectives of Series 11. 

have resulted in  basic f a i lu re  phenomena, as a consequence of SWR t e s t ing ,  t h a t  
will be typical of LMFBR steam generator tube f a i lu re .  
f o r  experimental SWR tes t ing could be adapted for  use in future plants .  
equipment and t e s t s  designed t o  measure tube deformation, SWRP deposition, and 

tube wall thickness were the IST (References 1-2  and -3) and  UT (References 1-2 ,  
-3, and  -4 )  devices. 

These phenomena require developing special nondestructive equipment 

Therefore, NDE developed 
The 

2 .  IST and UT Devices 

- IST - T o  study tube deformation and reaction production deposition as a 
function of SWR tes t ing ,  an isotope scanning t e s t  was conceived a n d  developed by 
ETEC t o  measure in  s i t u  these parameters result ing from the Series I1 t e s t s .  The 
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device,  shown i n  F i g u r e  1-20, i s  computer assessed. 

p e r s i o n  f o r  tube deformat ion and a t t e n u a t i o n  f o r  SWRP d e p o s i t i o n .  

an i s o t o p e  gamma source and a Ge ige r -Mu l le r  (GM) tube a r e  s imu l taneous ly  passed 

IST measures gamma-ray d i s -  

I n  b o t h  cases, 

s measured t o  determine th rough  steam tubes, and coun t  r a t e  vs a x i a l  d i s t a n c e  

t h e  d e s i r e d  parameter.  

Dur ing  impingement l e a k  t e s t i n g  ( l a r g e  o r  s m a l l ) ,  t h e  tube bundle i n  t h e  
area o f  t h e  SWR must be p r o t o t y p i c a l  f o r  t h e  t e s t i n g  t o  be v a l i d .  

i n s p e c t i o n  has been a v e r y  cumbersome process and has been i n c o n c l u s i v e  i n  t h e  

tube  bundle o f  t h e  modular steam g e n e r a t o r .  P r o t o t y p i c a l  steam genera to r  models 

used i n  SWR t e s t i n g  may have as many as 800 steam tubes and s h e l l  t h i cknesses  o f  
% l o  cm. W i t h  these l a r g e r  t e s t  a r t i c l e s ,  i t  would be i m p r a c t i c a l  t o  use conven- 

t i o n a l  rad iog raphy .  

I n  t h e  pas t ,  

Even if a tube bundle c o u l d  be removed f o r  i n s p e c t i o n  and 

i n  t h e  case of a c e n t r a l  tube t e s t  s i t e ) ,  i t  c o u l d  n o t  be i nspec ted ,  

y o r  o the rw ise ,  t o  ensure a p r o t o t y p i c a l  t e s t  s i t e .  

r e f u r b i s h m e n t  

r a d i  ographi  c a l  

Cobal t - 6 0  was used t o  s tudy  deformat ion because o f  i t s  l o n g  h a l f - l i f e  

( 5 . 4  y e a r s )  and h igh-energy gammas ( 1 . 1 7  and 1.34 MeV). 

r e t i c a l  cu rve  o f  gamma i n t e n s i t y  t r a n s m i t t e d  vs tube  de fo rma t ion  i s  p l o t t e d  f o r  

Co-60. C l e a r l y ,  t h i s  i s  a v e r y  s e n s i t i v e  measurement, i n  t h a t  a l-cm bend o u t -  

ward (+)  f rom normal reduces gamma i n t e n s i t y  by 45%, w h i l e  an i nward  ( - )  l -cm 

bend inc reases  gamma i n t e n s i t y  by 100%. 

I n  F i g u r e  1-21, a theo- 

I n  t h e  p r e s e n t  t e s t s ,  i t  i s  advantageous t o  r e p l a c e  t h e  r u p t u r e d  tube w i t h  

Near-neighbor tubes ( l i n e - o f - s i g h t )  a r e  measured w i t h  r e s p e c t  

A c t u a l  deformat ion i s  a s c e r t a i n e d  by t a k i n g  t h e  a l g e b r a i c  sum of 

a s t r a i g h t  t ube .  

t o  t h i s  tube .  

s e q u e n t i a l  s e t s  of  scans. Of  course, i n  t h e  case of a p l a n t - t y p e  a c c i d e n t  o r  

I S I ,  when an IST measurement i s  r e q u i r e d ,  t h e  number of d e t e c t o r s  would be 

i n c r e a s e d  t o  t h e  number of  nea res t -ne ighbor  tubes. 

i n  an area where t h e r e  was no deformat ion and con t inued  i n t o  t h e  damaged area.  
The scanning would be s t a r t e d  

For  t h  

tube  and a1 

de fo rma t ion  

s s e r i e s  o f  t e s t s ,  t h e  r u p t u r e  tube i s  rep laced  w i t h  a known s t r a i g h t  

l i n e - o f - s i g h t  tube measurements a r e  w i t h  r e s p e c t  t o  t h i s  tube.  When 
measurements a r e  r e q u i r e d  f o r  tubes p a s t  t h e  second row, tube - to - tube  
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measurements are made a n d  then the algebraic sum i s  taken t o  ascertain the defor- 
mation of  the array.  Deformation in the f i r s t  two rows resu l t s  in a f i n i t e  

probabili ty t h a t  the intervening tube has been deformed in such a way t h a t  i t  
does n o t  homogeneously shield the scanned tube. This could resu l t  in an  error  of 
u p  t o  2 2 % .  
traverses a spacer p la te ,  the IS1 may be moved toward the outside of the tube 
bundle, where there i s  no deformation, and  then worked back into the deformed 
area for  actual measurement. 

Since a distance cal ibrat ion i s ,  in e f f ec t ,  made each time the unit  

For the t e s t s  described above, a 10-mCi Co-57 source was used, b u t  others 
could have been subst i tuted.  
Co-57 t h a n  Co-60 due t o  the lower energy of Co-57. 
deformation and location measurement, since there i s  b u t  a small amount of spacer 
material t o  attenuate a beam. 
the area on t o p  of the spacer. However, if deformation i s  present, i t  must be 
integrated i n t o  the resu l t s  f o r  proper SWRP measurements. 
Co-57 gamma attenuation in SWRP (u = 0.25 cm-l and p = 1.8 g/cm ) i s  shown in 
Figure 1 - 2 2 .  

The edge of the spacer plate  i s  bet ter  defined with 
Co-57 yields  good spacer 

Measurements for SWRP deposition are relevant in 

A calculated p l o t  f o r  
3 

30 I I I I / 

ATTENUATION ( % I  
81-F20-20 6 

Figure 1 - 2 2 .  Calculated Attenuation 
for Co-57 Gammas in SWRP 
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U l t r a s o n i c  Examinat ion o f  LLTI  Steam Tubes - T h e  o b j e c t i v e  o f  t h e  UT i n t e r -  

@ e s t  examinat ions was t o  survey steam tubes i n  the  area o f  a r u p t u r e  s i t e  f o r  

wastage due to the SWR event. The pool reaction area at the lower relief line 
was a l s o  t e s t e d  f o r  wastage. The s tand ing  poo l  r e a c t i o n ,  l o c a t e d  on t o p  o f  t h e  

sodium hee l  a t  t h e  l ower  r u p t u r e  r e l i e f  nozz le ,  i s  due t o  con t inued  water  i n j e c -  

t i o n  a f t e r  most o f  t h e  sodium has been e x p e l l e d  f rom t h e  LLTV th rough t h e  r u p t u r e  

r e l i e f  system by  t h e  SWR event .  

az imutha l  l o c a t i o n s  w i l l  y i e l d  i n f o r m a t i o n  l e a d i n g  t o  an unders tand ing  o f  t he  

dynamic SWR f r o n t  p ropaga t ion  and i n t e n s i t y .  

Mapping tube wastage as a f u n c t i o n  o f  a x i a l  and 

The UT i n s t r u m e n t  ( F i g u r e  1-23)  p r e s e n t l y  used f o r  t h i s  i n s p e c t i o n  (Refer -  

ence 1-4) was des igned t o  examine a s i n g l e  s l i c e  o f  steam tube w a l l  w i t h  a 15-MHz 
PZT t ransducer  opera ted  i n  t h e  pulse-echo compression-wave mode a t  a sampl ing r a t e  

o f  lO,OOO/s. System o u t p u t s  a r e  i n s i d e  d iameter ,  w a l l  t h i ckness ,  a t t i t u d e ,  and 

a x i a l  p o s i t i o n .  A l l  a r e  d i s p l a y e d  d i g i t a l l y  and may be recorded.  S e n s i t i v i t y  o f  

t h e  inst rument ,  i s  0.002 i n .  (0 .051  m m ) .  
has been developed (References 1-2 and - 3 ) .  

u r e  1-24. It would examine, w i t h  a h e l i c a l  scan, a lmost  an e n t i r e  tube i n  a 

s i n g l e  pass. I t  would equal o r  b e t t e r  t h e  s e n s i t i v i t y  o f  t h e  p r e s e n t  dev i ce  and 

have c a p a b i l i t i e s  o f  computer da ta  s to rage  as w e l l  as o n - l i n e  d i g i t a l  and CRT 

d i s p l a y  o f  a number o f  r e v o l u t i o n s .  

suspended a t  t h i s  t ime.  

A bo res ide  r o t a t i n g  u l t r a s o n i c  t e s t e r  

The dev i ce  head i s  shown i n  F i g -  

Development e f f o r t s  on t h i s  dev i ce  have been 

Dur ing  t h e  p r e s e n t  LLTR t e s t s ,  w a l l  t h i ckness  da ta  were p l o t t e d  by an o n - l i n e  

Where wastage 
X-Y reco rde r ;  no da ta  were s t o r e d  by computer. 

d i r e c t i o n  o f  t h e  r u p t u r e  tube, +-45O and 180' f rom t h e  r u p t u r e  tube.  

g r e a t e r  t han  0.006 i n .  was encountered, scans were made every  22.5' t o  encompass 

it. 

Scans were t y p i c a l l y  i n  the  

Be fo re  UT t e s t s  were s t a r t e d ,  t h e  tubes were l i g h t l y  brushed and a go/no-go 

gage was t r a v e r s e d  th rough  t h e  tubes t o  a s c e r t a i n  passage o f  t h e  UT head. 

go/no-go gage measures 0.34 i n .  i n  d iameter  by 2.62 i n .  i n  l e n g t h .  

The 
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I n t e r t e s t  Results c?. 
Peripheral Test A-6 - In  general, the measured i n t e r t e s t  e f fec ts  of th i s  DEG 

f a i lu re  were minor, with the only appreciable measurement being with IST.  
resu l t s  of the i n t e r t e s t  are  summarized as follows: 

The 

Secondary tube leaks - None. 
Relief l i ne  inspection - SWRP deposition l i g h t  due t o  short  
injection and rapid disc f a i l u r e .  
R D - 1  assembly - Failed a t  325 psid and  opened 60 and 80% on 
hydraulic pressurization; the disc knife blades were dulled 
appreciably and replaced for  the next t e s t .  
Dye-penetrant and  UT examination of r e l i e f  l ine  WHAZs - Indicated 
only minor UT changes. 
LLTI tube UT - Minimal wastage a t  the level o f  in jec t ion ,  0.004 i n .  
maximum. 
IST - Minor deformed array, seven tubes bowed and  two kinked 
(sharp bend a t  spacer) ;  the A - 3  deformed region was also outlined 
(Figure 1-25). 
direction from the wall t h r o u g h  the deformed region are  presented 
in Figure 1-26. 

Results from the IST examination in a par t icular  

During the i n t e r t e s t ,  ISTs were run in the central region t o  out l ine the 
area of  deformat ion  c rea t ed  by the SWR A - 3  intermediate leak t e s t  (Figure 1-25) .  
To out l ine t h i s  region, the approach was t o  begin with IST measurements in the 
nondeformed region and t o  continue making measurements inward toward the t e s t  
s i t e .  Tubes measured were the nearest-neighbor tubes, 0 .6  i n .  a p a r t .  The c r i -  
ter ion f o r  deformation was t h a t  bowing from tube t o  tube be 2 0 . 3  i n .  Tubes 
measured for  deformation t h a t  were on the outside of the marked array and do n o t  
meet the deformation c r i te r ion  a re  n o t  shown. The t e s t  resu l t s  indicate t h a t  37% 
of the tube bundle, including the "kinked" tubes, were deformed due t o  the A-3 

t e s t .  
the deformed array of tubes of SWR A-2.  

The deformed array of Test A-6 was somewhat d i f fe ren t  b u t  no larger t h a n  
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Figure  1-25.  The Deformed Areas of SWRs A-3 and A - 6  
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Figure  1-26.  IST Measurements i n  a Line 
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Central DEG SWR A - 7  -SWR A-7 was required only t o  measure the pressure 
a e s u l t i n g  from a DEG a t  high sodium pressure, from a location where previous 

t e s t s  had been r u n ,  for  comparison t o  previous t e s t  resu l t s  a t  lower pressures. 
Therefore, in order t h a t  there be no e f fec t  on the predamaged region, the t e s t  
was r u n  fo r  only 1 . 5  s t o  minimize damage. 

All of the i n t e r t e s t  examinations were run with no s ign i f icant  damage 
reported in any of the t e s t s .  
resharpened. 
90%, respectively,  and a t  the required pressure. 

Prior t o  the t e s t ,  the R D - 1  knife blades had been 
During the t e s t ,  the upstream and downstream discs opened 60 and 

Central Intermediate Superheated SWR A-8 - Injection for  t h i s  t e s t  was 
superheated steam for  only 40 s .  
damage t o  any portion of the system except the predicted t u b e  leakage or wastage. 
The rupture disc  ( s ing le)  was fa i led  by hydraulic pressurization t o  320 psid; i t  
opened %80%. 

Therefore, as expected, there was only minor 

Tubes in the region of the directed SWR event were tested for  leakag 
helium leak  tests and  hydrostatic tes t ing ;  then pH measurements were made 
UT water t o  ascertain sodium in-leakage. All of these resu l t s  were negat 
i ndi ca t i  ng no secondary tube fa i  1 ure. 

by 
of the 
ve, 

U 1  t rasonic examination o f  the tube array in the direction of the flame 
indicated a maximum wastage o f  2 8  mils. 
predicted ta rge t  point (0') on Tube 1029. 
more wastage t h a n  did 1014, indicating t h a t  the injection could have been s l igh t ly  
in  t h a t  d i rec t ion .  Tube 4044 showed shallow wastage; other tubes showed only 
mi nor  wastage . 

Maximum wastage was a b o u t  45' from the 
Tube 4016, Figure 1-14, also showed 
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11. PRESSURE TRANSDUCER TESTING 

G.  J .  TWA 

A .  I NTRODUCT I ON 

Testing of pressure measuring systems continued th roughou t  CY 1981. 
sodium tes t ing  was conducted on an MTI capacitance-type pressure transducer and  
s ta r ted  on a Gould prototype NaK/oil pressure measurement system. In-sodium 
test ing continued t h r o u g h o u t  the year on the 13 pressure transducers t h a t  were in 
t e s t  a t  the end of l a s t  year.  

Out-of- 

B.  OUT-OF-SODIUM TESTING 

Out-of-sodium t e s t s  of pressure measuring systems are Derformed t o  evaluate 
t h e i r  performance a t  temperature without the complication of using l iquid sodium. 
Argon gas i s  used as the pressurizing medium. 
d a t a  f o r  comparison with subsequent sodium t e s t s .  

These t e s t s  provide the baseline 

During CY 1981, limited tes t ing was performed on a Mechanical Technology, 
Inc. ,  (MTI) capacitance pressure transducer and a Gould prototype NaK/oil pressure 
measurement system. 

The MTI transducer was a Model 212D194 Serial  Number 6 w i t h  a nominal range 
specified as 120 psig. 
show the internal s t ruc ture .  
with the pressure-sensing diaphragm forming the other p la te .  
ring surrounds the center electrode t o  minimize s t ray  capacitance e f f ec t s .  

Figure 11-1 shows a metallographic sample, sectioned t o  

An annular g u a r d -  
The center electrode forms one plate  of a capacitor,  

The following t e s t s  were performed on the MTI transducer: 

1) Insulation resistance 
2 )  Dielectric leakage current 

3)  

4 )  

Proof pressure t e s t  a t  180 psi and 1000°F (538OC) 

Repeatabi 1 i t y  t e s t  st room temperature 
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5 )  Temperature ca l ibra t ions  a t  200, 400, 600, 800, and 1000°F (93, 
204, 316, 427 ,  and 5 3 8 O C )  

6 )  

7 )  Short-term s t a b i l i t y  t e s t .  

Ten temperature cycles from room temperature to 1000°F (538OC) 
with pressure calibrations a t  room temperature and 1000°F (538OC) 

During the i n i t i a l  ca l ibra t ion  of t h i s  un i t ,  i t  was found tha t  above 114 psig 
(785 kPa) , the transducer output became e r r a t i c .  
sure was reduced to  100 psig (689 kPa) f o r  subsequent ca l ibra t ions .  

Therefore, the full-range pres- 

A Wayne-Kerr Model TE200 capacitance bridge was used to  convert the change 
in  capacitance of the pressure transducer to mi l l ivo l t s .  

During the short-term s t a b i l i t y  t e s t ,  with the transducer a t  1000°F (538OC) , 
I n  order to find a s t ab le  operating tem- the output became unstable a f t e r  %26 h .  

perature, the temperature was incrementally reduced t o  8OO0F (427OC) before 
s t ab le  operation was obtained. 

Figure 11-2 shows the typical l i nea r i ty  e r ror  f o r  t h i s  transducer. The 
l i nea r i ty  e r ro r  was essent ia l ly  unaffected by temperature. 
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Figure 11-3 shows the zero s h i f t  and sens i t iv i ty  s h i f t  vs temperature. 
a a x i m u m  zero s h i f t  was 20.25% of f u l l  range ( F R )  a t  1000°F, and  the maximum 

The 

sens i t i v i ty  s h i f t  was 27.56%. 

Because of the e r r a t i c  behavior a t  temperature and the extremely large zero 
s h i f t  and s ens i t i v i ty  s h i f t  with temperature, testing of th i s  device has been 
terminated. 

The prototype NaK/oil pressure measuring system i s  shown schematically in 
Figure 11-4. The incorporation of an additional interface from NaK t o  o i l  in the 
conventional NaK transmission high-temperature pressure transducer theoret ical ly  
has the following advantages: 

1) The pressure transducer can be easi ly  replaced in the f i e l d  with- 
o u t  breaching the sodium containment. 
a f i e l d  environment, whereas NaK f i l l i n g  i s  n o t  p rac t i ca l . )  
A pressure range change for  a measurement system can be imple- 
mented by removing and replacing j u s t  the pressure transducer 
assembly and r e f i l l i n g  with o i l .  
Periodic transducer recalibration in the laboratory i s  practical  , 

(Oil f i l l i n g  can be done in 

2 )  

3 )  
since the transducer can be removed from the system. 
In-place cal ibrat ion i s  also possible i f  the NaK capi 
frozen t o  i so l a t e  the process pressure. 

4 )  

During C Y  1981, the o i l  f i l l i n g  system and procedures were deve 

lary i s  

oped, and  
the  f i r s t  system was sa t i s f ac to r i ly  f i l l e d  with o i l .  
f i l l  setup. 

Figure 11-5 shows the  o i l -  
Basically, the procedure i s  t o  evacuate the transducer system, 

rl-ll-lJ--a9a NalNaK INTERFACE SEAL NaKlOlL INTERFACE SEAL TRANSDUCER PRESSURE 

ET E C-67 58 1 

Figure 11-4. NaK/Oil System 
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Figure 11-5. NaK/Oil Pressure Measurement System - 0 
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eaerate the o i l ,  then gravity-drop the o i l  into the transducer system. 

f t h i s  f i r s t  uni t  was in i t i a t ed  in CY 1981 and will continue in CY 1982. 

Testing 

C .  IN-SODIUM TESTING 

The sodium t e s t s  of the pressure transducers are  conducted t o  determine the 
e f fec ts  on the transducer of long-term exposure t o  l iquid sodium a t  temperatures 
t o  1200°F (649OC) and repeated temperature cycles from 5OO0F ( 2 6 O O C )  t o  1200°F 
(649OC).  These t e s t s  are  accomplished by using the high-pressure Test Rigs 032- 
R4, 032-R5, and 032-R6 (see Figure 11-6). Each t e s t  r ig  contains a small sodium 

Figure 11-6. In-Sodium Test Bench 
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vesse l ,  t he  necessary argon system f o r  l o c a l  p ressu re  a p p l i c a t i o n  and remote 

p r e s s u r i z a t i o n  f o r  c a l i b r a t i o n ,  e l e c t r i c a l  heaters  and c o n t r o l s ,  and p r o v i s i o n  

f o r  mount ing t ransducers .  The t e s t  r i g  i s  f i l l e d  a t  a f i l l  s t a t i o n ,  then i s o -  

l a t e d  by f r e e z e  s e c t i o n s  and moved t o  i t s  t e s t  p o s i t i o n ,  where i t  i s  connected 

t o  t h e  e l e c t r i c a l  power, c o o l i n g  water ,  argon c a l i b r a t i o n  p ressu re  source, a l a r m  
w i r i n g ,  and i n s t r u m e n t a t i o n  w i r i n g .  

more p ressu re  c a l i b r a t o r ,  and t h e  o u t p u t  o f  t h e  t ransducer  and assoc ia ted  temper- 

a t u r e  measurements i s  reco rded  on a d i g i t a l  da ta  a c q u i s i t i o n  system (DDAS). 

C a l i b r a t i o n  pressure  i s  p rov ided  by a G i l -  

The t e s t  sequence f o r  a l l  sodium t e s t i n g  i s  s i m i l a r :  Ten temperature c y c l e s  

a r e  per formed f rom 5OO0F (260OC) t o  t h e  maximum temperature o f  (lOOO°F (538OC) 

f o r  T e s t  Rigs 032-R4 and 032-R6 and 1200°F (649OC) f o r  Tes t  R ig  032-R5), f o l l o w e d  

by a 1000-h h o l d  p e r i o d  a t  t h e  maximum temperature,  then by a s i n g l e  temperature 

c y c l e .  (Dur ing  t h e  h o l d  p e r i o d ,  a p ressure  c a l i b r a t i o n  i s  performed each work ing  

day. )  The 1000-h h o l d  a t  maximum temperature and s i n g l e  temperature c y c l e  a r e  
repeated  u n t i l  t h e  t e s t  i s  t e rm ina ted .  

mulated on a t ransducer  before t h e  t e s t  i s  te rmina ted .  Dur ing  the  temperature 

cyc le ,  t h e  sodium temperature i s  s t a b i l i z e d  a t  500, 600, 800, and 1000°F (260, 

316, 427, and 538OC) f o r  Tes t  Rigs 032-R4 and 032-R6 and an a d d i t i o n a l  tempera- 

t u r e  p o i n t  a t  120OoF (649OC) f o r  Tes t  R ig  032-R5. 

Normal ly ,  a minimum o f  10,000 h i s  accu- 

1. Sodium Tes t  R ig  032-R4 

Sodium t e s t i n g  con t inued  on t h i s  t e s t  r i g  th roughout  CY 1981 except  f o r  a 

s h o r t  p e r i o d  when i t  was i n t e r r u p t e d  t o  r e p a i r  a f a i l e d  va l ve  i n  the  Gi lmore  

p ressu re  c a l i b r a t o r .  A t  t h e  end o f  CY 1980, t h e  t e s t  r i g  was i n  t h e  second 

1000-h h o l d  p e r i o d .  Dur ing  CY 1981, Temperature Cycles 12 th rough 16 and Ho ld  

Per iods  2 th rough 7 were completed. 

Tab le  11-1 l i s t s  t h e  t ransducers  i n s t a l l e d  on t h i s  t e s t  r i g .  Table 11-2 

p r o v i d e s  a summary o f  t h e  da ta  f o r  each o f  t he  h o l d  p e r i o d s .  

f o r  t h e  s t a r t ,  t h e  m idd le  (500 h ) ,  and t h e  end (1000 h )  o f  each h o l d  p e r i o d .  

Data a r e  presented  

ETEC-82- 1 
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A 

Max. 

0.01 
0.04 

-3.12 
0.06 

-3.30 
-3.04 

Test Rig 

032-R4 
032-R4 

032-R4 
032-R4 
032-R4 
032-R4 

032-R5 
032-R5 
032-R5 

032-R6 
032-R6 
032-R6 
032-R6 

M i n .  

-0.33 
-0.44 
-3.99 
-0.34 
-6.00 
-7 .12  

TABLE 11-1 
TRANSDUCERS INSTALLED IN SODIUM TEST RIGS 

Manufacturer 

Goul d 
Barton 

Barton 
Barton 
Kaman 
Karnan 

Gould 
Goul d 
Barton 

Goul d 
Barton 
Kaman 
Kaman 

Model 

S63-2 
368 

368 
273A 
KP1911 
KP1911 

S63-4 
S76-2 
758 

S76-2 
7 58 
KP1911 
KP1911 

S/N 

68 
1505 

1506 
6845 
01 
02 

3 
119 
89 1 

1 
89 3 
03 
04 

0 t o  300 
0 to  300 

0 t o  300 
0 to 300 
0 t o  500 

0 t o  500 

0 to  300 
0 to 300 
0 t o  300 

0 t o  50 
0 to 50 
0 t o  100 
0 to 100 

Date 
Instal  led 

10/13/75 
10/ 15/ 78 

01/ 15/ 78 
07/ 18/ 80 
07/ 18/80 
07/18/80 

11/ 27/74 
08/ 16/ 77 
08/16/77 

02/ 22/ 79 
02/22/79 
06/ 09/ 80 
06/09/80 

The maximum and minimum zero and sens i t i v i ty  s h i f t s  observed d u r i n g  the year 
fo r  each transducer a re  as  follows: 

Transducers 

Zero S h i f t  
(% FR) 

Min.  

Barton 368 S/N 1505 
Barton 368 S/N 1506 
Barton 273A S/N 6845 
Gould S62-2 S/N 68 
Kaman KP1911 S/N 1 
Kaman KP1911 S/N 2 

2.39 
5.91 
0.71 
1.68 
5.22 

-18.53 

1.59 
5.34 
0.07 
1.24 

-9.05 
-33.05 
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The reference values used t o  compute zero and s ens i t i v i ty  s h i f t s  were those 

Transducers 

Gould S76-2 S/N 119 

Gould S63-4 S/N 3 
Barton 758 S/N 891 

btained from 
odi um t e s t s .  

Zero Shi f t  Sensi t ivi ty  Shi f t  

Max. Min. Max. Min. 

0.18 -0.79 -1.36 -2 .42  

1 . 6 5  -0.19 0 .43  -0 .85  
-1.74 -3.19 0 .85  -0.80 

(% % FR) (% % )  

the l a s t  room-temperature cal ibrat ion taken during the out-of- 

2 .  Sodi urn Test Rig 032-R5 

Testing of the transducers ins ta l led  in th i s  r ig  was conducted from the  
f i r s t  of  the  year u n t i l  mid-September, w h e n  testing was ha l ted  because of  a 
f a i l ed  valve in the argon pressurizing system. 
following the repa i rs .  A t  the end of CY 1980, Temperature Cycle 20 had been 
completed. 
t h r o u g h  1 5  were completed. 

Testing was resumed in December, 

During CY 1981, Temperature Cycles 21 t h r o u g h  24 and Hold Periods 11 

Table 11-1 l i s t s  the transducers ins ta l led  on this  t e s t  r i g .  Table 11-3 
provides a summary of the d a t a  for  each of the hold periods. 
f o r  the s t a r t ,  the middle (500 h ) ,  and the end (1000 h )  of each h o l d  period. 

Data are presented 

The maximum and minimum zero a n d  s ens i t i v i ty  s h i f t s  observed during the year 
fo r  each transducer are  as follows: 

The Gould (or iginal ly  S ta tham)  transducer Model S63-4 i s  one of the original 
FFTF PPS transducers instal led in November of 1974. This transducer was re-ranged 
from i t s  original 0-250 psi (0-1723 kPa.) t o  0-300 psi (0-2608 k P a )  t o  be compat- 
i b l e  with the other two transducers. All zero and sens i t i v i ty  s h i f t  d a t a  are 
referenced t o  the l a s t  out-of-sodium room-temperature cal ibrat ion for  the Gould 
S76-2 and Barton 758 and to the i n i t i a l  cal ibrat ion a t  500°F following the range 
change for  the Gould S63-4. 

ETEC-82-1 
11-11 



Hold  
P e r i o d  

11 
11 

12 
12 
12 

13 
13 
13 

14 
14 
14 

15 
15 

Max. 

Min.  

Hours 

480 
1000 

0 
500 
1000 

0 
500 
1000 

0 
500 
1000 

0 
312 

TABLE 11-3 
TEST RIG 032-R5 - T E S T  DATA SUMMARY 

~ 

S76/ 119 

-0.01 
0.18 

0.16 
-0.46 
-0.04 

0.09 
-0.18 
-0.19 

-0.22 
-0.35 
-0.19 

-0.48 
-0.79 

-0.79 
0.09 

Sens i - 
t i v i  ty 
(., % )  

-1.73 
-1.95 

-1.81 
-1.36 
-1.73 

-1.80 
-1.57 
-1.53 

-1.60 
-1.54 
-1.80 

-2.00 
-2.42 

-2.42 
-1.36 

S63-4/3 

Zero 
(% % FR) 

1.61 
1.17  

1.51 
1.27 
1.34 

1.65 
1.12 
0.77 

0.76 
0.81 
-0.19 

-0.08 
0.74 

1.65 
-0.08 

Sensi -  
t i v i  ty  
(., % )  

0.06 
0.09 

-0.04 
0.43 
0.08 

-0.14 
0.01 
0.04 

0.00 
-0.07 
0.26 

-0.20 
-0.85 

-0.43 
-0.85 

758/891 

-1.89 
-1.74 

-2.74 
-2.60 
-2.38 

-2.61 
-2.52 
-2.60 

-2.41 
-2.82 
-2.38 

-3.19 
-3.03 

-3.19 
-1.74 

Sensi - 
t i v i  ty 
(., % )  

-0.52 
-0.36 

0.04 
-0.25 
-0.71 

0.60 
0.26 
-0.04 

-0.80 
-0.15 
-0.17 

0.85 
-0.64 

0.85 
-0.80 

n 

3. Sodium T e s t  R ig  032-R6 

Sodium t e s t i n g  con t inued  on t h i s  t e s t  r i g  th roughout  CY 1981 except  f o r  t h e  

s h o r t  p e r i o d  d u r i n g  r e p a i r  of t h e  Gi lmore p ressu re  c a l i b r a t o r .  A t  t h e  end o f  
CY 1980, t h e  t e s t  r i g  was i n  t h e  second 1000-h h o l d  p e r i o d  a t  1000°F (538OC). 
Dur ing  CY 1981, Temperature Cycles 12 th rough 16 and Ho ld  Per iods  2 th rough 7 
were completed. 
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Table 11-2 l i s t s  the transducers instal led on  t h i s  t e s t  r i g .  Table 11-4 
rovides a summary o f  the d a t a  for  each o f  the hold periods. Data a re  presented 

f o r  the s ta r t ,  the middle (500 h ) ,  and the end (1000 h )  of each hold period. 

T A B L E  11-4 

TEST RIG 032-R6 -TEST DATA SUMMARY 

Hold 1 

Period 

3 
3 
3 

4 
4 
4 

5 

5 
5 

6 
6 
6 

Max. 
M i  n. 

T h e  
f o r  each 

Hours 

0 
5 00 

1000 

0 

500 
1000 

0 

500 
1270 

0 
500 

1000 

758/893 

Zero 
:Q % F R )  

3 .54  
3.11 
2.87 

3 .01  
3 .63  
2 .90  

2.82 

2.99 
2.55 

3 .74  
2.90 
3 .80  

3 .80  
2.55 

jensi - 
t ivi  t y  
( Q  %)  

-0 .62  
-0 .58  
-0.46 

-0 .88  
-1 .42  
-0.49 

-0 .85  

-0.34 
-0.32 

-0 .86  
-0 .33  
-1.99 

-1 .99  
-0 .32  

S 76- 2/ 0 1 

Zero 
Q % F R )  

4 .09  
4 .65  
5 .70  

4.80 

4 .23  
5 .98  

4 .16  

5.27 
5 . 4 1  

5.92 
7.10 
6 . 2 3  

7.10 
4 .09  

jensi - 
t i  vi t y  
(.. %) 

-0 .38  
- 0 . 5 1  
-0 .65  

-0 .72  
-0 .71  
-0.69 

-0 .60  

-0.14 
-0 .30  

-0 .60  
-0.57 
-1 .91  

-1 .91  
-0.14 

KP 19 11/ 03  

Zero 
1 %  % F R )  

42.13 
41.19 
46.82 

49.70 
49.70 
49 .51  

48.16 

49.92 
48.91 

48 .35  
44.36 
45.37 

49.92 

41.19 

iensi- 
;i vi t y  
;% % >  

3.24  
3.59 
3.19 

3.16 
2 .23  
2 .81  

2.35 

2.15 
1 . 9 8  

1 .96  
2 .91  

-0 .28  

3.59 

-0 .2% 

Zero 
Q % F R )  

-28 .68  
-68 .61  
-25 .23  

-21.65 
-17.87 
-13 .03  

-0.67 

1.21 
-3 .84  

-3 .96  
-16 .31  
-57.00 

-68.61 

1 .21  

Sensi - 
t i  vi t y  
( Q  % )  

-2 .39  
- 2 . 8 3  
-1 .74  

-1.81 
-1 .64  
-1 .31  

-1 .55  

-0.65 
-0.67 

-1 .06  
-1 .37  
-1.86 

-2.83 

-0 .65  

maximum and minimum zero and sens i t i v i ty  s h i f t s  observed during the year 
transducer are  as follows: 

ETEC-82- 1 
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Transducers 

Barton 758 S/N 893 
GOuld S76-2 S/N 1 
Kaman KP1911 S/N 03 
Kaman KP1911 S/N 04 

The reference values used t o  compute zero and s ens i t i v i ty  shif ts  were those 
obtained from the l a s t  room-temperature ca l ibra t ion  taken d u r i n g  the out-of-sodium 
t e s t s .  

Q Zero S h i f t  Sens i t iv i ty  S h i f t  
(Q  % FR) ('L % )  

Max. Min. Max. M i n .  

3.80 2.55 -1.99 -0.32 
7.10 4.09 -1.91 -0.14 

49.92 41.19 3.59 -0.28 
-68.61 1.21 -2.83 -0.65 

Both Kaman pressure transducers were qui te  e r r a t  
tes t i  ng . 

c throughout the sodium 

ETEC-82-1 
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Q 
A .  I NTRODUCT ION 

111. H E D L  FLOWMETERS 

V .  D E  VITA 

This report discusses the resu l t s  from test ing an annular l inear  induction 
pump ( A L I P )  f o r  t h e  Single-Pin Test Loop (SPTL)  designed and supplied by H E D L .  
This t e s t  a r t i c l e  a lso included the cal ibrat ion o f  two permanent magnet (PM)  
flowmeters mounted on the i n l e t  side of the pump. A second p u m p ,  SPTL-2 A L I P ,  
i s  currently being calibrated in the same manner b u t  i s  n o t  ye t  completed. 

The reference flow fo r  these cal ibrat ions was determined by flowing sodium 

from a supply t a n k  t o  a receiver t a n k .  
f r ee  surface level in the supply t a n k  as a func t ion  of time, the volumetric flow 
ra t e  was computed. A f inal  report (Ref. 111-1) has been completed and dis t r ibuted 
th i s  year f o r  SPTL ALIP .  
the D U A L - A L I P  calibrated i n  1979 a n d  1980. Reference t o  detailed tes t ing  
descriptions can be found in the 1979 a n d  1980 ETEC annual reports.  

By measuring the change i n  the sodium 

The tes t ing  of these t e s t  a r t i c l e s  was very s imilar  t o  

B .\ TEST DESCRIPTION 

The t e s t  a r t i c l e  includes an  annular l inear  induction pump and  an extension 
tube where the two PM flowmeters were ins ta l led .  
1) depicts the position o f  these sections w i t h  respect t o  each o ther ,  The A L I P  

consists of  a Type 316 s t a in l e s s  s tee l  pump ~ 5 8  in .  (147.3 cm) long. Around the 
pump tube are  s i x  magnetic s t a to r s  made of vanadium Permendur (49 Fe, 49 Co, 2 V )  
and 24 anodized aluminum co i l s .  A return magnetic p a t h  i s  provided by a nickel- 
plated vanadium Permendur core contained inside the pump tube. 
s t a to r s  are  protected from the h o t  sodium by a "mult i - foi l"  insulation tube 
surrounding the pump.  
each s t a t o r  t o  cool the aluminum co i l s .  

An isometric sketch (Figure I I I -  

The magnetic 

Silicon coolant (Dow 200) i s  pumped continuously through 

ETEC-82- 1 
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Figure 111-1. SPTL-ALIP Calibration Test Article 
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The PM flowmeters consist  of two Alnico VB magnets w i t h  two 1.75-in. (4.44- 

@cm) pole pieces. Stainless  steel  wires are welded t o  the flow d u c t  and  terminated 
into an insulated,  twisted, shielded cable. 
monitored by a thermocouple strapped t o  i t s  exter ior .  Five internal ALIP thermo- 
couples are  a lso ins ta l led  f o r  monitoring of coil a n d  lamination temperatures. 
An immersion thermocouple inserted a t  the i n l e t  to  the A L I P  was used f o r  estab- 
1 i shi ng the requi red sodi um temperature. 

The temperature of the ALIP case i s  

Electrical  power i s  supplied t o  the sodium pump co i l s  by ceramic-to-metal 
feedthrough seals  in the upper end o f  the pump from a programmable three-phase 
motor-driven a u t o  transformer supply s i tuated a t  a IO-ft (305-cm) distance from 
the operating loop. The pump phases are closed-delta connected to  achieve iso- 
la t ion  from g r o u n d .  A photo depicting the ins ta l led  A L I P ,  PM flowmeter, pump 
console, o i l  c a r t ,  and f a c i l i t y  PM flowmeter i s  shown i n  Figure 111-2. 

C .  FACILITY A N D  TEST METHOD DESCRIPTION 

1. General 

The desired flows a n d  temperatures required fo r  the t e s t  programs were 
achieved u t i l i z ing  Tanks T-6 and  T-7  i n  the General Test Fac i l i ty  (Building 032). 
The f a c i l i t y  description and test-method description are  identical  t o  those i n  
Reference 111-2. Fixed flows of 2 ,  4 ,  6 ,  7 ,  8, a n d  10 gal/min (12 .6 ,  25.2, 37.8, 
44 .1 ,  50 .4 ,  and 63 x m3/s) w i t h  each o f  the required pump pressures of 5 ,  8 ,  
10,  15, 20,  30, 40, and 50 p s i d  (34.5, 55.2, 69, 103.5, 138, 207, 276 ,  and 345 k P a )  
were performed a t  each o f  the f ive  t e s t  temperatures: 
8OO0F (204.4, 260, 315.5, 371.1, and 426.7OC). 

400, 500, 600, 700, and 

2 .  Computations of Reference Flow 

The level sensor, L E - 2 ,  was wired through an amplifier and  ranged from -10 
t o  +10 V f o r  a 120-in. (305-cm) level change. This was done to  maximize resolu- 

t i o n  t o  the d ig i ta l  d a t a  acquisit ion system ( D D A S ) ,  thereby maximizing the accu- 
racy o f  the level change. The reference flow was computed a s  follows: 

A 
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Figure 111-2. Complete ALIP Test A r t i c l e  I n s t a l l a t i o n  
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1) The level d a t a  from LE-2  (Interatom) was computed fo r  every d a t a  
point (15 poin ts / s ) ,  over a selected s l i c e  of t e s t  time (minimum 

A curve f i t  of the level d a t a  t o  the t h i r d  degree was computed 
over the selected time s l i c e .  
The above curve-f i t  equation was different ia ted with respect t o  
t e s t  time, thereby establishing d a t a  for  A L / A t .  

( A V / A t )  = 0.983 ( A L / A t )  [1 + (19 .2  x 

f ina l  equation used for  computing flow ra t e  in gal/min. 

of 20 s ) .  

2 )  

3)  

4) (T-70)] x 60 i s  the 

D .  TEST RESULTS- 

A l i s t i n g  of a l l  the t e s t  d a t a ,  including the two PM flowmeters, internal 
pump temperature, to ta l  input power, each of the three phase currents to the ALIP 
fo r  each of the required sodium flow, d i f fe ren t ia l  pump pressure, and sodium tem- 
perature, are  presented in  ETEC-TDR-81-9, dated November 5, 1981. ETEC-TDR-81-9 
also includes plots  of (1) Phase A current vs flow for  each of the pump differen- 
t i a l  pressures, ( 2 )  to ta l  input power vs flow for  each of the pump d i f fe ren t ia l  
pressures, and (3 )  H E D L  PM Flowmeters F E - 1  and  FE-2 vs flow. Representative plots 
of these parameters are  shown in Figures 111-3, 111-4, 111-5, and 111-6. As can 
be seen, a t  several sodium flows above 6 gal/min (37.8 m / s )  and high d i f fe ren t ia l  
pressures, no data a re  presented. 
the form of internal pump cavi ta t ion.  The charac te r i s t ics  of pump cavitation were 
manifested by sudden loss of sodium flow with increasing input current and d i f f e r -  
en t ia l  pressure and ,  in some severe cases, an audible high-frequency noise 
emanating from the pump. 

3 

This i s  due t o  pump performance l imitations in 

Per HEDL requirements, the d a t a  fo r  Phase A current,  pump d i f fe ren t ia l  
pressure, and sodium flow were characterized and curve f i t  t o  form the following 
relat ions hips : 

2 
I A  = 6.34 + 0.168Q t 0.608AP + 0.0929Q2 - O.O037(AP) f 2.08% or f 0.57 A* 

a t  4OO0F (204.4OC) 
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2 

Q 
IA = 5.91 t 0.300Q + 0.657AP i- 0.0915Q2 - O.O0405(AP) t 2.55% or  rf: 0.54 A* 

a t  5OO0F (26OOC) 

2 I A  = 5.58 + 0.446Q + 0.705AP + 0.0854' - O.O0450(AP) t 2.0% or rf: 0.68 A* 
a t  6OO0F (315.5OC) 

2 I A  = 6.13 + 0.355Q + 0.741AP i- 0.102Q2 - O.O0467(AP) f 3.2% or  rf: 0.78 A* 

a t  7OO0F (371.1OC) 

2 I,,, = 5.43 + 0.5444 + 0.805AP + 0.09464' - O.O0527(AP) t 3.5% or  k.0.83 A* , .  
a t  8OO0F (426.7OC) 

The curve f i t s  f o r  to ta l  input power were attempted fo r  the same independent 
variables o f  di f fe ren t ia l  pressure and current ,  b u t  the resu l tan t  curve f i t s  a re  
extremely poor, measuring i n  the order of 20-30% er rors .  The f a i l u r e  to  curve- 
f i t  t o  a polynomial i s  a t t r ibu ted  t o  higher internal power losses i n  pump c o i l s ,  
which does not contribute to  pump performance b u t  i s  measured as  a par t  of to ta l  
input power. 

R E F E R E N C E S  

111-1. E T E C  Report, ETEC-TDR-81-9, "SPTL ALIP and PM FM Calibration," dated 
November 5, 1981 

111-2. E T E C  Report, ETEC-TDR-80-11, "Dual-ALIP Calibration," dated July 10, 
1980 

*Whichever i s  grea te r ,  f o r  95% of a l l  data points 
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Q 
IV.  L A R G E  FLOWMETERS 

V .  D E  VITA 

A .  INTRODUCTION 

This report discusses the resul ts  from test ing three types o f  sodium flow- 
meter. All three flowmeters were tested simultaneously, measuring sodium flow 
in a 16-in. (40.6-cm) pipe. 
The three types of flowmeter are:  

A 16-in. venturi was used as the reference flowmeter. 

1) Ultrasonic - This flowmeter was designed, manufactured, a n d  sup- 
plied by Argonne National Laboratories. 
Electromagnetic (Saddle Coil)  - The coil  was designed and manufac- 
tured by Reactor Equipment Division of GEC, Leicester,  England. 
The power supply t h a t  energizes the saddle coil was manufactured 
by Electronic Measurements, Inc. The overall measurement system 
was supplied by Argonne National Laboratories. 

3) Venturi Bypass - This flowmeter was designed a n d  manufactured by 

Energy Technology Engineering Center ( E T E C )  . 

2 )  

Test conditions included sodium temperatures from 400 t o  105OoF (204 .4  t o  565.5'C) 
and flow ra tes  from 1000 t o  17,500 gal/min ( 6 . 3  x 

reports for  each of the three flowmeters have been completed a n d  d i s t r ibu ted .  
They are  ident i f ied as follows: 

3 t o  1.1 m / s ) .  The f inal  

1) ETEC-81-17, "16-Inch U 1  t rasonic Flowmeter Performance in Liquid 

2 )  ETEC-82-3, "16-Inch Electromagnet Flowmeter Performance in Liquid 

3 )  ETEC-82-5, "16-Inch Venturi Bypass Flowmeter Performance in Liquid 

Sodi u m "  

Sodi u m "  

Sodium. I' 
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Q B. TEST DESCRIPTION 

1. U 1  trasonic 

This t e s t  a r t i c l e  included two ultrasonic (UT)  transducers, operating in a 
The transducers were clamped t o  the outside single-path transmit-receive mode. 

surface on opposite sides o f  the 16-in. pipe as shown p ic tor ia l ly  in Figure IV-1. 
The transducers , manufactured by Argonne National Laboratories ( A N L )  , featured 
shear mode X-cut lithium niobate (LiNb03) piezoelectric crystals  mounted on a 
laminated wedge. 
opt ical ly  polished f l a t s  (Figure IV-2) on the pipe as shown in Figure IV-3. 

Each transducer was clamped under 400 lb (181 kg)  of force on 

Fur- ther i assembly de ta i l s  are  described in ETEC Report ETEC-81-17.  

A 

ETEC-63109 

Figure IV-1. Typical P a t h  for  an  Acoustic Pulse 

The transducers were driven th rough  150 f t  (45 .7  m )  of coaxial cable, 
R G - 7 l / u Y  from rack-mounted control electronics ident i f ied as MCD 168-2. 
tion t o  providing the output/input fo r  the two transmit/receive signals t o  the 
transducers, three d ig i ta l  outputs and four  ana log  outputs are generated by 

In addi- 

MCD 168-2. a 
ETEC-82- 1 
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Figure IV-2. Polished Face on Pipe for  Transducer Younting 

Figure IV-3. Mounted UT Transducer - I n  Place 

ETEC-82-  1 
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Q 
In operation, the transducers, clamped on opposite sides of the pipe, are 

separated by a calculated distance such t h a t  the sonic pulse, i n i t i a t ed  by an 
e l ec t r i ca l  pulse t o  the c rys t a l s ,  t ravels  through the coupling block, the pipe 
wall ,  the f l u i d ,  and the opposite pipe wall and  i s  then received by the trans- 
ducer on the opposite side.  The p a t h  through the f lu id  i s  s e t  a t  an angle, B ,  
t o  the pipe axis such t h a t  the velocity of sound, c ,  along the direction of the 
sound p a t h  i s  increased by the component of the f lu id  velocity in t h a t  d i rect ion.  
By interchanging the transmission and receiving functions o f  the two transducers, 
the direction o f  sound propagation i s  reversed. In  t h i s  manner, time delays in 
the electronics ,  transducers, and pipe walls a f fec t  upstream and downstream 
travel times equally and have no e f f ec t  on the time difference.  

2 .  Saddle Coil (Electromagnetic) 

As i s  shown i n  Figure IV-4, t he  saddle coil  flowmeter is  96 i n .  (2 .44 m )  

long by 31 in .  (0.78 m) inside diameter. The coil  assembly, weighing 416 l b  
(188 k g ) ,  i s  mounted over a 16-in. (40.6-cm) insulated pipe and  i s  supported by 
s ix  pipe clamps. F low signals are obtained from electrodes attached t o  the pipe 
as in permanent magnet ( P M )  flowmeters. 
of the flowmeter, nine se t s  of electrodes were spaced a t  12-in. (30.5-cm) in te r -  
vals along the pipe. Four additional electrodes were attached downstream of the 
center electrode t o  be t t e r  define the area of most probable in t e re s t  (Figure I V - 5 ) .  
The coil  was energized from a local ly  mounted power supply t h a t  provided up  t o  
200 A of constant dc current.  
Inc. ,  Model SCR30-200. I t s  input requirements are  190 t o  240 V ,  three-phase, 
2 5  A ,  60 Hz. 
on the d ig i ta l  d a t a  acquisit ion system ( D D A S ) .  

I n  order t o  obtain fu l l  characterization 

The dc power supply i s  an Electronics Measurement, 

The mi l l ivo l t  signals from a l l  the electrodes were measured d i rec t ly  

3.  Bypass Venturi 

The flowmeter used a spare p a i r  of pressure taps off the 16-in. venturi 
flowmeter and  simply attached a 0 .5 - in .  pipe from the upstream t a p  t o  the t h r o a t  

ETEC-82- 1 
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Figure IV-4. Saddle Coil Flowmeter Ins ta l la t ion  
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Figure IV-5. Electrode Positioning on 16-in. Pipe 
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t a p .  A pair  of electrodes was attached t o  the 0.5-in. (1.27-cm) pipe, and a 
small permanent magnet was mounted on the pipe, thereby providing a PM flowmeter 
measurement on th i s  bypass l i ne  (see Figure IV-6). 
(0 .95 cm), was assembled into the bypass l i ne  t o  s a t i s fy  a velocity l imi t  o f  

30 f t / s  (9 .14  m / s ) .  

the D D A S .  

An o r i f i c e ,  sized a t  0.375 i n .  

The o u t p u t  from the electrode pair  was measured d i rec t ly  by 

I n  theory, the venturi flow ra te  vs bypass flow ra te  relationship should be 
This i s  due t o  the flow r a t e ' s  dependence on the square r o o t  of the l i nea r .  

d i f fe ren t ia l  pressure a n d  the same square r o o t  of d i f fe ren t ia l  pressure i n  a l i n e  
t h a t  drives the flow. 

C .  FACILITY A N D  TEST YETHOD DESCRIPTION 

The desired temperatures and flows required for  these 
achieved with the I S I P - I 1  (modified FFTF) pump. All three 
ins ta l led  in the main flow loop a t  SPTF. There are 11.0 p 

t e s t  
t e s t  

programs were 
flowmeters are  

pe d ameters o f  
st raight-sect ion piping between the f i r s t  elbow, downstream of the pump discharge, 
and the centerline of the UT i n s t a l l a t ion .  
the elbow and venturi upstream pressure t a p .  

There are 14.8 pipe diameters between 
A distance of 7 . 7  diameters separates 

the f i r s t  elbow and the center l ine of the saddle coil flowmeter. 

Sodium flow ra tes  were s e t  by adjusting b o t h  the pump 
res is tance,  which was varied by adjusting the f ive  butterf 

speed and the 
y flow contro 

1 oop 

valves . 

The 16-in. venturi o u t p u t  was used as the reference flowmeter for  the simul- 
taneous readings from a l l  three flowmeters. 

D. TEST RESULTS 

All flowmeter cal ibrat ions were conducted in conjunction with the ISIP-I1 
Pump Test Program. 

ETEC-82-1 
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1. U1 trasoni c 

In i t i a l  pump tes t ing included sodium flows a t  400, 500, a n d  6OO0F (204 .4 ,  

260, and  315.5OC). 
7OO0F (371.1OC) when inner pipe walls became wetted. 
cal ibrat ions a t  a l l  temperatures were attempted. 

No UT data were generated u n t i l  the sodium temperature reached 
Once they were wetted, 

A t  a l l  measured temperatures, digi t ized flow output was consistently i n  
e r ro r  on the low side by a s  much a s  4% of the measured reference flow. 
i s  a typical UT output, along w i t h  the s t ra ight - l ine  reference flow. Only a t  400 
and 6OO0F (204.4 and 315.5OC), however, were full-range and s tab le  data a t ta ined.  
I n  general ,  e lectronic  signal threshold voltage levels were periodically adjusted 
i n  order to  a t t a in  data.  When operable, the flowmeter generated a l inear  o u t p u t  
w i t h  increasing flow. The nonlinearity was on the order of 21% compared t o  a 
best-fi  t s t ra ight  1 ine. 

Figure IV-7 
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Figure IV-7. 16-in. Udtrasonic Sodium Flowmeter Calibration, 
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D u r i n g  a normal cooldown of sodium temperature from 950 to 400°F (510 t o  
@204.4°C), the temperature-compensated flow measurement technique was evaluated 

3 while the f a c i l i t y  maintained a nominal flow of 7500 gal/min (0.423 m / s ) .  The 
digi t ized UT o u t p u t  flow varied only *2% when compared to the reference flow 
during th i s  cooldown. However, the f u l l  e f fec ts  of temperature with flow greater 
t h a n  12,000 gal/min (0.756 m / s )  are incomplete due t o  malfunctioning of the UT 
flowmeter under those conditions. 

3 

The sens i t i v i ty  of the flowmeter was measured t o  a flow as low as 1000 gal/  
m i n  ( 6 . 3  x IO-’ rn3/s) .  

with the UT flowmeter. 
I t  would  appear t h a t  even lower flows would be rieasurable 

2 .  Saddle Coil (EM) 

Figure IV-8 shows the composite o u t p u t  from Electrode D ,  w h i c h  i s  located 
9 i n .  (22 .9  cm) downstream of the center electrode, for  the en t i r e  range of t e s t  
temperatures. The degree of  nonlinearity,  however, i s  l ess  t h a n  t h a t  of the 
16-in. (40.6-cm) permanent magnet flowmeter resu l t s  from e a r l i e r  t e s t s ,  Fig- 
ure IV-9 shows the difference between the two a t  4OO0F when normalized a t  low 
flow ra tes .  All EM flow d a t a  were normalized t o  a coil current of 50 A .  

The typical o u t p u t  s ens i t i v i ty  from each of seven pairs o f  electrodes over 
a wide flow range i s  plotted in Figure IV-10. This plot  demonstrates the d i f fe r -  
e n t  degrees o f  nonlinearity a s  a f u n c t i o n  o f  axial position o f  the electrodes.  
The most l i nea r ,  r e l a t ive  t o  others ,  is  FE-108D, E ,  and F.  

O u t p u t  s ens i t i v i ty  as  a function of electrode position i s  a lso shown in Fig- 
ure IV-11. All d a t a  were normalized t o  Electrode Pair FE-108D. The nominal flow 
for  these temperatures i s  12,500 gal/min (0 .788  n; / s ) .  

3 

Flux density as measured by electrode voltage as a function of coil current 
i s  shown in Figure IV-12. Flux density varies l inear ly  w i t h  coil  current from 
0 t o  200 A t o  within less  t h a n  1%. 
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EM COIL CURRENT (A )  ETEC-63 131 

Figure IV-12. EM Flowmeter O u t p u t  a t  a Constant Flow of 
14,400 gal/min vs EM Coil Current 

Sonie operational problems w i t h  the power supply or coil  current terminations 
were encountered tha t  caused occasional loss  of current above 50 A .  Since the 
exact solution could not be resolved d u r i n g  the pump t e s t  program, a l l  t e s t s  were 
conducted a t  50 A .  

3. Bypass Venturi 

Plott ing the output of the 0.5-in. (1.27-cm) permanent magnet flowmeter 
mounted on the venturi bypass l ine  against  the reference venturi calculated flow 
r a t e  a t  6OO0F produces the curve shown i n  Figure IV-13. 
a ture  i s  typical of those produced a t  a l l  temperatures. 

Figure IV-14 i s  a composite p lo t  o f  the bypass flowmeter o u t p u t s  from 400 to 
1O5O0F (204.4 t o  565.5OC). 
by about 4% - t ha t  of 400 and 6OO0F (204.4 and 315.5OC) and tha t  o f  the remaining 

temperatures. 

The p lo t  a t  this temper- 
Note the as-predicted 

l inear  re la t ionship between 1000 and 17,000 gal/min (6.3 x lo-' to  1.07 m 3 / s ) .  

There appear t o  be two groupings of data ,  differ ing 

The cal ibrat ions a t  400 and 6OO0F (204.4 and 315.5OC) were performed 
n 
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c 
a t  t h e  ve ry  end o f  t h e  t e s t  program. 

may have eroded, thereby  s h i f t i n g  t h e  d i scha rge  c o e f f i c i e n t .  

f l o w  i s  generated i n  t h e  bypass l i n e  f o r  t h e  same developed d i f f e r e n t i a l  p ressu re  

i n  t h e  v e n t u r i .  

any o r i f i c e  d imensional  change. 

One p o s s i b i l i t y  i s  t h a t  t h e  o r i f i c e  edge 

Hence, a h i g h e r  

The bypass l i n e  w i l l  be disassembled a t  a l a t e r  da te  t o  v e r i f y  

ETEC-82- 1 
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V .  SODIUM LEVEL MEASUREMENT SYSTEM TESTING 

J .  A .  KLEA 

A, INTRODUCTION 

D u r i n g  1981, t h e  f o l l o w i n g  sodium l e v e l  measurement systems were t e s t e d :  

(1) two second-generat ion cont inuous-measur ing i n d u c t i v e  systems p rocu red  f rom 
Westinghouse I n d u s t r i a l  and Government Tube D i v i s i o n  (W-IGTD); ( 2 )  a con t inuous -  

measur ing i n d u c t i v e  system p rocu red  f rom Mine S a f e t y  Appl iances  (MSA); ( 3 )  one 
d i s p l a c e m e n t - f l o a t - t y p e  system from F i s h e r  C o n t r o l s  Corp.; ( 4 )  two d i f f e r e n t i a l  

p ressu re  systems, one p rocu red  from Bar ton  Ins t rumen t  Corp. and one f rom Statham 

I n s t r u m e n t  C o . ;  and ( 5 )  a cont inuous-measur ing i n d u c t i v e  system w i t h  a la rm s e t  

p o i n t s  f rom PNC ( H i t a c h i )  o f  Japan. 

The PNC l e v e l  measur ing system t e s t i n g  was completed and t h e  i n s t r u m e n t  

r e t u r n e d  t o  PNC ( H i t a c h i )  o f  Japan. A formal  t o p i c a l  r e p o r t  (ETEC-81-10) t h a t  

summarized a l l  of t h e  d a t a  accumulated ove r  a l - y e a r  e v a l u a t i o n  p e r i o d  was 
ii!jbi5.:hpd. 

9. TEST FACILITY AND TEST ARTICLE D E S C R I P T I O N  

The sodium l e v e l  c a l i b r a t i o n  system f a c i l i t y  i s  l o c a t e d  i n  B u i l d i n g  032 a t  

ETEC. 
used p r i m a r i l y  f o r  sodium l e v e l  measurement s y s t e m  e v a l u a t i o n .  Two o f  t h e  sodium 

tanks a r e  used t o g e t h e r  t o  perform t h e  l e v e l  c a l i b r a t i o n s  on t h e  l e v e l  measur ing 

systems under t e s t .  

p i p e  t h i m b l e s  and f o u r  f langed p o r t s  f o r  access t o  t h e  sodium. 

mounted on t h e  tanks and covered w i t h  i n s u l a t i o n ,  which p e r m i t s  c o n t r o l  o f  t h e  

sodium temperature up t o  1200°F. 

The sodium c a l i b r a t i o n  t e s t  f a c i l i t y  ( R i g  3 )  c o n t a i n s  f i v e  sodium tanks 

Each of t h e  t e s t  tanks i s  equipped w i t h  f o u r  l - i n .  Schedule 40 
Tubu la r  h e a t e r s  a r e  

The t e s t  l e v e l  measurement systems under e v a l u a t i o n  use t h r e e  d i f f e r e n t  

p r i n c i p l e s  f o r  o p e r a t i o n .  The Bar ton  and Statham l e v e l  measurement systems a r e  

d e l t a  p ressu re  t ransducers ,  which a re  welded t o  t h e  s i d e  o f  t h e  T6 tank .  Sodium 
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head p ressu re  i s  used t o  determine t h e  l i q u i d  l e v e l  i n  t h i s  method. 

l e v e l  measurement system employs a f l o a t ,  which i s  used t o  measure t h e  buoyant  

fo rce  e x e r t e d  by the  sodium column. 

d i r e c t  c o n t a c t  w i t h  t h e  sodium. 

r e q u i r e  d i r e c t  c o n t a c t  w i t h  t h e  sodium and i s  t h e  i n d u c t i v e  t ype  o f  l e v e l  t r a n s -  

ducer .  
p r imary  and secondary c o i l  w ind ing ,  which i s  used as a t r a n s f o r m e r )  i n s e r t e d  i n t o  

a s t a i n l e s s  s t e e l  t h i m b l e  w i t h i n  the  sodium tank  and a s i g n a l  c o n d i t i o n i n g  e l e c -  

t r o n i c s  package. 

o t h e r  c o i l ,  t h e  sodium l e v e l  can be determined. 

g e n e r a l l y  l o c a t e d  remote l y  from t h e  co i l -wound l e v e l  probe.  

The F i s h e r  

Th is  method r e q u i r e s  t h e  f l o a t  t o  be i n  

The t h i r d  dev i ce  under e v a l u a t i o n  does n o t  

T h i s  type  o f  l e v e l  measuring system c o n s i s t s  of a probe ( c o n t a i n i n g  a 

By e x c i t i n g  one c o i l  and d e t e c t i n g  t h e  s i g n a l  change i n  t h e  

The s i g n a l  c o n d i t i o n e r  i s  

The method used t o  c a l i b r a t e  t h e  l e v e l  measuring systems under e v a l u a t i o n  i s  

t o  move the  sodium f rom one tank  i n t o  another ,  u s i n g  argon gas pressure ,  t o  s e t  

inc rementa l  sodium l e v e l s .  
p o i n t  probe ( d i p s t i c k )  t h a t  i s  i n s e r t e d  i n t o  one of t h e  th imb les .  

t he  probe causes a peak on a peaking meter  when t h e  balance p o i n t  i s  a t  a l e v e l  

equal  t o  t h e  sodium l e v e l .  An inc rementa l  s c a l e  a long t h e  probe i s  read t o  

determine t h e  d i s t a n c e  from the  t o p  o f  t h e  tank  t o  t h e  sodium l e v e l .  

inc rementa l  l e v e l  over  t h e  range of t h e  measuring system, t h e  o u t p u t  i s  read o u t  

on a CRT o r  l i n e  p r i n t e r  t h a t  i s  p a r t  of t h e  da ta  a c q u i s i t i o n  system. The c a l i -  

b r a t i o n  da ta  a re  a l s o  s t o r e d  on magnet ic  tape f o r  da ta  r e d u c t i o n  and reduced f o r  

g r a p h i c a l  p r e s e n t a t i o n  a t  a l a t e r  t ime .  

The tank  l e v e l s  a r e  p o s i t i o n e d  b y  us ing  a d i s c r e t e  

The o u t p u t  o f  

A t  each 

1. I n d u c t i v e  Leve l  Measur ing Systems - PNC 

The PNC l e v e l  measurement system con t inued  t o  undergo sodium l e v e l  c a l i b r a -  

t i o n  t e s t i n g  a t  ETEC d u r i n g  t h e  f i r s t  6 months of 1981. 
were encountered d u r i n g  the  sodium l e v e l  c a l i b r a t i o n  t e s t i n g .  

No a d d i t i o n a l  problems 

The f i r s t  phase of t h e  t e s t  program c o n s i s t e d  of a s e r i e s  o f  presodium t e s t s .  

A summary o f  t he  r e s u l t s  of these t e s t s  i s  g i v e n  i n  Table V - 1 .  The second phase 
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TABLE V-1 

PRESODIUM TESTING DATA SUMMARY 
PNC LEVEL MEASURING SYSTEM, MFG. NO. 199761 

PRESODIUM TESTS 

I n p u t  Vo l tage  E f f e c t s  (100-132 V )  

Zero S h i f t  ( %  FR) 

S e n s i t i v i t y  S h i f t  ( % )  

I n p u t  Frequency E f f e c t s  (57-63 H z )  

Zero S h i f t  ( %  FR) 

S e n s i t i v i t y  S h i f t  ( % )  

Output  Load (50-500 r )  

Zero S h i f t  ( %  FR) 

S e n s i t i v i t y  S h i f t  (%)  

Cable Lengths E f f e c t s  (33-300 f t) 

Zero S h i f t  ( %  FR) 

S e n s i t i v i t y  S h i f t  (%)  

E l e c t r o n i c s  Temperature E f f e c t s  ( 32-140°F) 

Zero S h i f t  ( %  FR) 
S e n s i t i v i t y  S h i f t  ( % )  

Cable Temperature E f f e c t s  ( 32-140°F) 

Zero S h i f t  ( %  FR) 
S e n s i t i v i t y  S h i f t  (%)  

Time Response 

Short-Term S t a b i l i t y  ( %  FR) , 7 Days 

Zero S h i f t  

ETEC-82- 1 

v-3 

-0.107% 
+ O .  152% 

+O. 016% 

+O ,049% 

+o. 102% 

-0.208% 

-0.220% 

+O. 238% 

+O. 516% 
+O. 217% 

-0.055% 
+O. 033% 

~ 3 4 0  ms 

+O. 70% 



o f  t h e  t e s t i n g  c o n s i s t e d  of a s e r i e s  o f  sodium l e v e l  c a l i b r a t i o n s  a t  temperatures 
between 300 and l l O O ° F  (149 and 593OC). The zero s h i f t  and s e n s i t i v i t y  s h i f t  a t  63 
t h e  v a r i o u s  sodium t e s t  temperatures can be eva lua ted  by rev iew ing  F igu res  V-1 

and V-2. I n  F i g u r e  V - 1 ,  a n e g a t i v e  zero  s h i f t  w i t h  t ime  can be observed. Whi le  

t h e  d r i f t  i s  r e l a t i v e l y  sma l l ,  %Z% of f u l l  s c a l e  p e r  yea r ,  p e r i o d i c  r e - z e r o i n g  

would be r e q u i r e d .  F i g u r e  V-2 shows the  s e n s i t i v i t y  s h i f t  vs  t i m e  a t  each 

repeated  sodium l e v e l  c a l i b r a t i o n  temperature.  The s e n s i t i v i t y  s h i f t  does n o t  

d i s p l a y  a p o s i t i v e  o r  n e g a t i v e  t rend .  

The system a l s o  con ta ins  d i s c r e t e  l e v e l  sensors a t  t h e  30 and 70% p o i n t s  of 

t he  6 3 - i  n .  (160-cm) measurement range.  T h e i r  performance as a1 arm f u n c t i o n s  and/ 
o r  i n - p l a c e  c a l i b r a t i o n  p o i n t s  can be eva lua ted  by rev iew ing  F igu res  V-3 and V-4. 

F i g u r e  V-3 shows the  30% d i s c r e t e  p o i n t  f u n c t i o n  o u t p u t  i n  d imensional  u n i t s  

( c e n t i m e t e r s )  vs t i m e  f o r  each of t h e  t e s t  temperatures,  

appears t o  be repea tab le  w i t h i n  rt1.5 cm of t h e  designed a la rm o u t p u t  value  
(48 cm). 
cen t ime te rs  vs t ime,  which a l s o  appears s t a b l e  ( w i t h i n  k1.5 cm) and independent o f  

temperature w i t h  t h e  excep t ion  of t h e  few p o i n t s  t h a t  appeared d u r i n g  t h e  300°F 
(149OC) l e v e l  c a l i b r a t i o n  t e s t i n g .  

The 30% o u t p u t  va lue  

F i g u r e  V-4 i s  t h e  70% d i s c r e t e  p o i n t  o u t p u t  (des igned t o  be 112 cm) i n  

The sodium 

system was comp 

t h e  sodium t e s t  

back t o  Japan w 

1 eve l  c a l  i b r a t i  on eva u a t i o n  t e s t i n g  o f  t h e  PNC l e v e l  measurement 

e t e d  i n  June o f  1981. A t  t h a t  t ime,  t h e  u n i t  was removed f rom 

f a c i l i t y ,  repackaged i n t o  t h e  o r i g i n a l  c o n t a i n e r s ,  and sh ipped 

t h i n  t h e  1-year  l o a n  p e r i o d .  

A fo rmal  r e p o r t  e n t i t l e d  "PNC Sod 

Tes t  , 'I ETEC-81-10 , has been pub1 i shed. 

t i o n  t e s t i n g  r e s u l t s  on t h e  PNC sodium 

um Leve l  Measur ing System Performance 

1 eve l  measurement dev i ce  . 
The r e p o r t  summarizes a l l  o f  t h e  eva lua-  

2. I n d u c t i v e  Level  Measuring Systems - Westinghouse (W-IGTD) 

Dur ing  t h e  p a s t  y e a r ,  bo th  of t he  second-generat ion s i g n a l  c o n d i t i o n e r s  were 

sub jec ted  t o  sodium l e v e l  c a l i b r a t i o n  t e s t i n g .  They were matched w i t h  e x i s t i n g  
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0-in. (50.8-cm) and  10- f t  (304,8-cm) measurement range level transducers. The 
al ibrat ion tes t ing only occurred over the f i r s t  half of the year ,  as another 

D u r i n g  t e s t  program u t i l i zed  the level t e s t  f a c i l i t y  during the second ha l f ,  
t h i s  period, the units were exposed t o  high-temperature sodium b u t  n o t  undergoing 
continuous level cal ibrat ions.  Bo th  uni ts  were operating sa t i s f ac to r i ly  before 
the inactive period. 
1981. 

Level cal ibrat ion tes t ing of these devices resumed in l a t e  

3. Inductive Level Measuring Systems -Mine Safety Appliances 

A t  a b o u t  mid-year, the remaining 20-in. (50.8-cm) level measuring system 
from MSA fa i l ed .  
open c i r c u i t .  
The device will  be sectioned for  fur ther  examination. 

The level transducer was tested for  continuity and found t o  be 
The transducer was X-rayed, a n d  a break was found i n  both co i l s .  

A formal report covering the evaluation t e s t  resu l t s  t h a t  occurred over the 
4-year period will be writ ten and  published in ear ly  1982. 

4.  Inductive Level Measuring Systems - Kaman 

During the pas t  year,  one of two Kaman ( S / N  7880) level measurement systems 
was repaired and working for  a period of time. 
exceeded 30% over the test  temperature range o f  300 t o  1200°F (149 t o  649OC). 
T h i s  t ransducer  a l s o  f a i l e d  p r i o r  to  mid-year. 
f a i l  t o  respond t o  sodium level changes. Additional e f fo r t s  t o  modify the s i g n a l  
conditioners and get them working will  be made in 1982. 

The zero and  s ens i t i v i ty  s h i f t s  

A t  present,  both of the systems 

5. Displacement Level Measuring Systems - Fisher 

One 10-ft  (304.8-cm) displacement-float-type level measuring system i s  under 
evaluation a t  ETEC. The transducer continues to operate in a sa t i s fac tory  manner 
as long as  the transducer head i s  kept a t  %300°F ( 1 4 9 O C ) .  This heating i s  neces- 
sary t o  prevent sodium vapor from depositing on the mechanical linkage, which 
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would inh ib i t  freedom of movement of the f l o a t .  

t ion t o  function. 
used i n  many sodium f a c i l i t y  tanks a t  E T E C .  

The disadvantage of this system 

i s  t h a t  the sodium boundary must be entered i n  order f o r  this principle of  oper @ 
This type of u n i t ,  because of i t s  cost  and r e l i a b i l i t y ,  i s  

6. Delta Pressure Level Measuring System - Barton 

A Barton NaK capi l lary level measuring transducer remains under evaluation 
t e s t  a t  ETEC.  
in the area of 15 t o  16%. 
and  the nonlinearity was improved, b u t  only t o  a b o u t  9%. 
the manner in which the sensors were attached t o  the t a n k  might be influencing the 
l i nea r i ty  of the sensing device. 
mounted in a ver t ical  direct ion,  one of the sensors a t  the near bottom cyl indri-  

cal surface o f  the t a n k  and one on the cylindrical  surface near the top. W i t h  
the elbow configuration, the sodium would always drain o u t  of the sensor t o  per- 
m i t  removal i f  required. 
between the sodium surface and the pressure transducer diaphragm. 
t h i s  gas pocket would be compressible, depending on the t a n k  head pressure and 
the sodium temperature. 
sodium and the pressure transducer sensors were cut from the t a n k .  The sensor 
bellows were cleaned of any sodium residue and examined f o r  any cracks o r  imper- 
fect ions;  none was found. Next, the device was sent  t o  the cal ibrat ion labora- 
t o r y ,  where a cal ibrat ion was performed u s i n g  gas as the sensing medium. Addi- 
tional e f f o r t s  were made t o  a d j u s t  the zero and span controls of the device t o  
ideal ize  the milliamp o u t p u t  (4  t o  20 mA) t o  match the pressure equivalent t o  
120 in .  of sodium a t  900°F (482OC). 
sors were rewelded t o  the T8 sodium t a n k .  The bottom sensor was welded t o  the 
t a n k  i n  the opposite direct ion,  however. The elbow configuration remained b u t  
the sensing diaphragm was lower t h a n  the t ank  p o r t .  
always remain on the diaphragm because i t  was no longer self-draining, 

For several years,  the device exhibited nonlinear charac te r i s t ics  
During 1980, the zero a n d  span controls were adjusted 

I t  was suspected t h a t  

B o t h  of the sensors were welded t o  elbows and 

However, w i t h  t h i s  arrangement, a gas  pocket formed 
Of course, 

In ear ly  1981, the t a n k  (T8) was completely drained of  

After the laboratory ca l ibra t ion ,  the sen- 

In th i s  manner, sodium would 

A 
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Figure V - 5  shows the cal ibrat ion d a t a  o f  the Barton d e l t a  pressure transducer 
fore the device was removed from the t a n k .  Figure V - 6  shows a cal ibrat ion a t  

approximately the same sodium temperature a f t e r  the transducer was recalibrated 
i n  the laboratory and the bottom sensor was rewelded t o  the t ank  in a downward 
fashion. The fourth column o f  d a t a ,  t o  the r i g h t ,  indicates the difference 
between an end-point l i ne  and actual d a t a  values. 
e r ro r  of the device. 
the modification t o  the standard ins ta l la t ion  configuration. 

This difference i s  the l i nea r i ty  
I t  may be noted t h a t  the l i nea r i ty  great ly  improved a f t e r  

7. Delta Pressure Level Measuring System - Sta tham 

Since the Statham del ta  pressure transducer exhibited nonlinear characteris-  
t i c s  s imilar  t o  the Barton transducer, i t ,  t o o ,  was removed a t  the same time as 
the Barton. I t  was cleaned, examined, recalibrated in the laboratory,  and 
re ins ta l led  i n  the same manner a s  the Barton transducer. Figure V - 7  indicates a 
typical cal ibrat ion pr ior  t o  the modification, and Figure V-8 reveals the ca l i -  
bration resu l t s  a f t e r  the modification. 
improved by an order of magnitude. 
continued during 1982.  

The l i nea r i ty  can be seen t o  have 
Additional evaluation tes t ing will  be 
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-_ - _  ~ _ _  - -- - - - ._ 
EXRTONTEVEL PR XDUCER sN-36B-132 

SODIUM TEMPERATURE-- 1218 DEGREES F- - 
SODIUN CALIBRATION 12/15/80 AT 15 35 ZERO VALUE = 4 23058 MA 
TANK 6 S T I C K  = M2059 RANGE VALUE = 19 34873 MA PAR ,/.7,,Y 

_ _ _ _ _ ~ -  _______ -_ TEST DATA - END-POINT F I T  
L E V E L T N C H S  __ OUTPUT (MA-, __ CURVE -- VAL X D I F F  

120 00 19 349 19 349 000 

23 75 6 437 7 223 5 196 
12 00 . - _. 5 322 5 742 ~ -- . 2 702 
- 25 4 199 4 199 000 

- - -  __ .. - 

0.000~ 
-10.000 10.000 30.000 50.000 70.000 90.000 110. 000 130. 000 

LEVEL I N  INCHES 

Figure V-5. Barton Level Transducer ( S N  368-132) Calibration Test 
Pr ior  t o  Ins ta l la t ion  Modification 

BARTON LEVEL PR XDUCER SN 368-132 

SODIUM TEMPERATURE = 1184 DEGREES F. S E N S I T I V I T Y  = ,11478 MA PER INCH 
SODIUM CALIBRATION 3/ 3/81 AT 10:42 ZERO VALUE - 5.02867 MA 
TANK 7 S T I C K  - M5727 RANOE VALUE - 18.80232 MA 

TEST DATA END POINT F I T  
LEVEL( INCH2 OUTPUT(MA) CURVE VAL ‘x D I F F  

. 00 5.029 5.029 ,000 
12. 00 6. 305 6.406 ,735 

24. 

y 16. 
L 
L 
I 
A 
M 
P 
S 

8. 

0. 

24. 00 
48.00 
60. 00 
72.00 
96. 00 
108.00 
120.00 

~ ~~~ 

7. 700 7.783 . 609 
10.412 10.530 ,918 
11.824 11.919 ,666 
13. 190 13.293 .748 
15. 998 16.048 ,360 
17. 424 17.425 ,008 
18.802 18.802 ,000 

~ _ _ _  

)OO 10.000 30.000 50.000 70.000 W.OO0 11O.OOO 130.000 
LEVEL I N  INCHES 

Figure V-6. Barton Level Transducer (SN 368-132) Calibration Test 
After Ins t a l  1 a t i  on Modifi cation 
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STATHAM. LEvE.L-.p-R~~u.c-E -R-- S N 2 ~ - ~ - ~  
.. .- - -  ~~-~ - - . .~ 

SODIUM TEMPERATURE = 493 DEGREES F. 
SODIUW CALIBRATION 12/18/80 A T  1 5 : 2 9 - ~ -  ZERO VALUE = 18.22940 MA 
TANK 6 S T I C K  = PI5727 RANGE VALUE = 5.20535 MA PAR. 

SENSIT IV I -TY-  = -. 10853.MA PER INCH ~ . TECH. $$?ff 
PROC. ,-;:+?- 

- - - END P O I N T  F I T  - ..  TEST __ DATA 
L E V E L (  INCH) OUTPUT(MA) CURVE VAL 7. D I F F  

120.00 5.205 5.205 . 000 
108. oo-- . ~ 5. 416 .. . -. - -. -8: 382 .- ... 
96 00 6 .847 7 .810 -7.397 
71. 99 9. 593 10. 417 -6. 323 

____ 60 00 10 799 11 717 - 7 0 4 8  

12 00- 
~ 16 916 i 6 _ 9 2 7 - -  _- - 081 

--4800--- 12-412 13-020 -4 666 
23 75 15 387 15 652 -2 036 

00 18 229 18 229 000 
- -  _ _ _ _ _ _ _ ~ ~  - 

1-1 nnn - _ _ _  
- ~ O - O O O - ~ O  000 __ 3 0  00%- 50 000 70 000 90 000 -12-0 000 130 000 

LEVEL I N  INCHES 

F i g u r e  V - 7 .  Sta tham Level Transducer  (SN S62-2) C a l i b r a t i o n  Test 
P r i o r  t o  I n s t a l l a t i o n  Modi f i ca t ion  

_ _  STATHAM LEVEL PA XDUCER SN S62-2 

SODIUW TEMPERATURE = 514 DEGREES F 
SODIUM CALIBRAT_ON 3/-9/8_1 A I  8 33 ZERO VALUE 19 32665 WA PRRC. ! ) > /  -Ti - /o- 
TANK 6 S T I C K  - M2059 RANGE VALUE = 4 98089 MA PAR /I' -I' 

S E N S I T I V I T Y  = - 11955 MA PER INCH TECH ,4q' 
TEST DATA END P O I N T  FIT 

L E V E L ( I N C H )  OUTPUT(MA) CURVE VAL % DIFF 
120 00 4 981 4 961 000 
108 00 6 281 6 415 - 933 

_ -  96 00 7 728 7 850 - 848 
72 00 10 599 10 719 - 839 
60 00 12 048 12 154 - 734 
48 - 00 13 531 13 588 -. 402 
24 00 16 424 16 457 - 236 
12 00 17 895 17 892 017 

00- 19 327 19 317 000 

__- - I 
0 000' 

-10 000 10 000 30 000 30 000 70 000 90 000 110 000 130 000 
- -- - - - _- LE~E-LAN INCHES 

Figure V-8. Statham Level Transducer  (SN S62-2) Ca l i  b r a t i o n  Test 
After Ins t a l  1 a t i o n  Modi f i ca t ion  
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8 
V I .  ELECTRICAL RESISTANCE HEATER TESTS - TUBULAR HEATERS 

J .  A .  R E A  

A. INTRODUCTION 

An e l e c t r i c a l  h e a t e r  e v a l u a t i o n  t e s t  program i s  be ing  conducted a t  ETEC. 

Heaters  f rom seve ra l  manufac turers  a r e  b e i n g  eva l  uatedl t o  determine h e a t e r  

qual i ty ,  r e l i a b i l i t y ,  and expected l i f t  vs hea te r  s i z e  (d iamete r )  and c o n f i g u r a -  

t i o n .  Tubu la r  hea te rs  a r e  used th roughout  sodium f a c i l i t i e s  and sodium-cooled 

f a s t  b reeder  r e a c t o r s  f o r  p r e h e a t i n g  sodium l i n e s ,  tanks,  va l ves ,  and v a r i o u s  

components. The impor tance o f  ensu r ing  t h a t  a q u a l i t y  h e a t e r  i s  a v a i l a b l e  f o r  
use i n  o r d e r  t o  m in im ize  f a i l u r e s  (which may p e r t u r b  t e s t  programs o r  p l a n t  

o p e r a t i o n )  i s  v i t a l  t o  i n d u s t r y .  

ETEC's a c c e l e r a t e d  l i f e  t e s t  f a c i l i t y  i s  a w i re -screen-enc losed 10 x 25 f t  

( 3  x 7 . 5  m )  area l o c a t e d  i n  B u i l d i n g  057. 

o v e n - l i k e  t e s t  boxes i n  which t h e  hea te rs  a re  i n s t a l l e d .  A t y p i c a l  t e s t  h e a t e r  

i n s t a l l a t i o n  i s  shown i n  F i g u r e  V I - 1  w i t h  t h e  enc losu re  top  removed. 

i s  suppor ted  over  i t s  l e n g t h  by seve ra l  sma l l -d iamete r  w i r e s  t o  reduce "sag" a t  

e l e v a t e d  temperature w h i l e  m i n i m i z i n g  thermal  l o s s  and h o t - s p o t  f o r m a t i o n .  The 

t u b u l a r  h e a t e r s  shown a r e  be ing  t e s t e d  i n  t h e  s t r a i g h t  c o n f i g u r a t i o n .  The smal l  

beaded w i r e s  shown a t tached  t o  the  h e a t e r  s u r f a c e  a r e  thermocouples, which a re  

used t o  measure h e a t e r  sur face temperature.  

W i t h i n  t h e  enc losed area a r e  n i n e  

Each h e a t e r  

Heaters  a r e  t e s t e d  i n  bo th  s t r a i g h t  and ben t  c o n f i g u r a t i o n s  ("U" o r  h a i r p i n  

shape). 

d iameter  (1.27-cm) hea te rs  t e s t e d  i n  the  s t r a i g h t  c o n f i g u r a t i o n .  

Dur ing  the  p a s t  y e a r ,  much of  t h e  t e s t i n g  was accomplished on t h e  3/8- in . -  

The a c c e l e r a t e d  thermal  l i f e  t e s t  i s  t h e  p r i m a r y  t e s t  b e i n g  used t o  e v a l u a t e  

h e a t e r  qual  i t y  and re1  i a b i l  i ty .  I n  a d d i t i o n ,  a comparison o f  t h r e e  manu fac tu re rs '  

hea te rs  i s  be ing  made t o  e v a l u a t e  t h e  v a r i a t i o n  i n  hea te r  l i f e  expectancy o f  each. 

A ETEC-82-1 

V I - 1  



Figure VI-1. Typical Heater Test Installation 
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All o f  the tubular heaters being evaluated a n d  tested were manufactured t o  
QDT S t a n d a r d  P 43-T in one of  two grades (Grade I or Grade 11) .  After the heaters 

are fu l ly  X-rayed, they are ins ta l led  into the enclosures shown in Figure VI-1. 
The heaters are connected t o  a three-phase 480-V variable voltage supply. Volt- 
age t o  each heater i s  increased until i t s  sheath temperature a t t a i n s  1700°F * 25 
(92OoC k 1 4 ) .  
5 min a t  f u l l  power and  10 m i n  with the power o f f .  During the "on"  cycle,  the 
heater sheath temperature will achieve 170OoF f 25 (92OoC 
goes o f f .  D u r i n g  the "off"  cycle,  the heater sheath typical ly  cools t o  ~ 9 0 0 -  
1000°F (482.2-593.3OC) before power i s appl ied a g a i n .  
mal cycles,  the heaters are permitted t o  cool t o  ambient temperature, A t  t h i s  
time, several parameters such as coil  resistance and insulation resistance are 
measured. 
degradation. The evaluation heaters are continuously subjected t o  th i s  thermal 
cycling until  heater f a i lu re  occurs. When a heater f a i l s ,  i t  typical ly  trips 
the ground f a u l t  interrupter  protection system. The heater i s  then removed from 
the enclosure, X-rayed t o  determine the location of the f a i l u r e ,  and dissected 
fo r  visual examination; then the f a i l ed  area i s  photographed. 

A rigorous on-off power cycle i s  s t a r t ed .  The cycle consists o f  

1 4 )  before the power 

After each 500-1000 ther- 

These parameters are  monitored periodically for  indications o f  heater 

B .  TEST RESULTS 

In  the past year ,  ten tubular heaters were tested until  f a i lu re  occurred. 
A summary of the accelerated l i f e  t e s t  r e su l t s ,  based on the number o f  accumulated 
thermal l i f e  t e s t  cycles,  i s  presented i n  Table VI -1 .  The heaters whose ser ia l  
numbers are underlined are  those which have f a i l ed  during the past year ,  

During the p a s t  12 months, the accelerated l i f e  tes t ing  was accomplished on 
The Grade I Rama and Chroma1 ox heaters the 3/8-in. -diameter (0.953-cm) heaters.  

appear t o  have simi 1 ar 1 i f e  expectancy based on the 3/8-i n . - d i  ameter (0.953-cm) 
heaters tes ted .  
cm) heaters ,  where the Chromalox heater displayed a greater  expected l i f e .  The 

This i s  s ign i f icant ly  d i f fe ren t  'from the 1/2-in.-diameter ( 1 . 2 7 -  
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9,722 

9,609 

5,039 

7,387 

4,512 
- 

75-136 

75-137 

75-134 
75-132 

75-133 

75-131 

T A B L E  VI-1 
HEATER A C C E L E R A T E D  L I F E  T E S T  MATRIX 

Heater Manufacturer 

Hesco I Chromalox Rated 
Voltage 

( V  1 
MgO 

Density 
( g / cm3 

Rama 
Diameter 

( i n . )  Grade Shape Cycles Cycles 

762 
3,071* 

766 

8,371 
1 5  ,092+ 

15,0925 

4,878 

3,745 

s /  N 

74-134 
74-135 
74-136 

75-171 

75-172 

75-173 

. 1 / 2  I 480 >3.0 Straight 36,957 
31,159 
36,700 

74-146 
74-147 
74-148 

75-164 

75-165 
75-166 

74-149 

78-143 

I 1  480 6,980 

11,762 
12,826 

S t r a i g h t  

S-Bend I 480 74-137 
74-138 

25,055 

8,497 

I 480 Hairpin 
Bend 

78-141 

78-142 

10,346 

15,886 
74-139 

- 
8,359 

15,029 

13.0 75-178 

75-179 
15,703 

6,618 

75-157 

75-158 

76-17 

76-18 

76-19 

76-38 
76-39 
76-40 

76-20 

76-21 
76-22 

6,622 

1,776 

15,980 

10,126 

16,649 

13,746 
7,720 

2,802 

9,547 

2,703 
2,487 

3/ 8 I 480 >3.0 76-59 

76-60 
76-61 

13,160 

11,428 

I n  Test 

Straight 

Straight 

Hairpin 
Bend 

I 1  480 77 
33,691 

380 

76-80 
76-81 
76-82 

76-63 

76-64 

76-65 

I 480 13,350 
15,145 
27,638 

76-106 

*Test terminated: No f a i lu re  
+Test terminated: 70% resistance change 
§Test terminated: 117% resistance change 

Test Conditions 
Cycle = 5 min "on" and 10 min "ofg" 
Maximum sheath temperature: 1700 F 
Periodic parameter checks 



Grade I 1  Rama heaters (3/8-in or 0.953-cm diameter) a n d  the ha i rp in  Rama heaters 
Qndicate a s ign i f icant ly  shorter  average l i f e  t h a n  the s t r a igh t  Grade I Rama 

heaters. 
r e su l t s .  The Chromalox Grade I heaters i n  the hairpin-bend configuration indi-  
cate a longer average l i f e  t h a n  those in the s t r a igh t  configuration. 
contrary t o  much of the previous t e s t  resu l t s  on the l/Z-in.-diameter (1.27-cm) 
heaters.  The Hesco-manufactured heaters exhibited the poorest expected l i f e  of 
the three manufacturers' products tes ted.  Their performance indicates a poorer 
expected average l i f e  in the 3/8-in.-diameter (0.953-cm) heater whether tested 
in the s t r a igh t  or hairpin-bend configuration. 

The Grade I1 Chromalox heaters demonstrate a wide dispersion of t e s t  

This i s  

In  summary, the following conclusions seem t o  be emerging from these t e s t s :  

The best grade (Grade I )  o f  1/2-in.-diameter (1.27-cm) Chromalox 
heater s t i l l  has more than  100% longer l i f e  expectancy t h a n  any 
other heater, independent of manufacturer, grade, or s ize  (diameter) 

tes ted t h u s  f a r ,  
Heaters t h a t  have a bend radius of a t  l ea s t  four times the heater 
diameter in the heated section exhibit  a reduced l i f e  expectancy. 
I n  general , the 1/2-i n .  -diameter (1.27-cm) heaters appear t o  have 
a longer average expected 1 i f e  than  the 3/8-in.-diarneter (0.953-cm) 
heaters.  
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V I I .  M I N E R A L - I N S U L A T E D  H E A T E R  CABLE EVALUATION TEST 

K. A .  DAVIS 

A.  INTRODUCTION 

The ETEC e f f o r t  t o  evaluate the appl icabi l i ty  of mineral-insulated (MI) 
heater cable t o  sodium heat t ransfer  systems was begun i n  1978. 
use of MI cable was stimulated by reports of widespread use in some foreign coun- 
t r i e s  and sa t i s fac tory  operation i n  one U.S .  sodium heat t ransfer  system. The 
tes t ing  program was expanded i n  1979 when the use of MI cable was proposed for  
many systems i n  the Clinch River Breeder Reactor Plant,  This proposal was based 
upon the belief t h a t  the material and ins ta l la t ion  cost of MI cable and the ease 

o f  application on cer ta in  components m i g h t  be more advantageous t h a n  the  ordinar i ly  
used tubular heaters (heaters i n  which the element wire i s  i n  the form of  a he l ix ) .  

In te res t  i n  the 

The i n i t i a l  types of t e s t s  were: (1) accelerated l i f e ,  ( 2 )  prototype pipe, 
and (3 )  bend. 
resu l t s  were i n  l a s t  y e a r ' s  report .  
prototype pipe t e s t s  were added a n d ,  i n  a d d i t i o n ,  a C R B R P  prototype ver i f icat ion 
t e s t  was s t a r t ed .  

As i n i t i a l l y  planned, these have been completed, and most of the 
Dur ing  1981, more accelerated l i f e  and 

B .  TEST DESCRIPTION 

1. T e s t  F a c i l i t y  

The accelerated l i f e  t e s t s  were performed i n  an existing f a c i l i t y  which pro- 
vided for  each heater: (1) a support i n  an insulated enclosure, ( 2 )  an e l e c t r i -  
cal power supply controlled by a c i r c u i t  t o  allow thermal cycling of the heater,  

nstrumentation fo r  temperature control ,  recording, cycle counting, and 
ndi ca t i  on. 

and ( 3 )  
f a i l  ure 

I 
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The p r o t o t y p e  p i p e  t e s t s  were per formed i n  a f a c i l i t y  c o n s t r u c t e d  f o r  t h i s  

s e r i e s  of  t e s t s .  

t a i n e d  203-mm-diameter ( 8 - i n .  nomina l )  p ipes  and t h e  o t h e r  h a l f  con ta ined  33.4- 

mm-diameter ( 1 - i n .  nomina l )  p ipes .  

and t h e  assemblies i n s u l a t e d  w i t h  b l a n k e t - t y p e  i n s u l a t i o n .  The f a c i l i t y  i n c l u d e d  
an e l e c t r i c a l  power supp ly  w i t h  c o n t r o l l e r s  t o  m a i n t a i n  t h e  temperature of  t h e  

p ipes  a t  516OC (960OF) and a da ta  l o g g e r  f o r  temperature r e c o r d i n g .  A t  m id-year ,  

when t h e  t e s t s  on many of t h e  t e s t  s tands were completed and t h e  f a c i l i t y  had t o  

be moved i n t o  another  b u i l d i n g ,  o n l y  12 s tands ( those  f o r  t h e  8 - i n .  p i p e s )  were 
assembled i n  t h e  new b u i l d i n g .  

I n i t i a l l y  i t  c o n s i s t e d  o f  24 t e s t  s tands.  H a l f  of these con- @ 

The t e s t  hea te rs  were mounted on these p ipes  

The f a c i l i t y  f o r  t h e  p r o t o t y p e  v e r i f i c a t i o n  t e s t s  was c o n s t r u c t e d  ad jacen t  

t o  t h e  p r o t o t y p e  p i p e  t e s t  a f t e r  t h e  move t o  t h e  new b u i l d i n g .  As i n i t i a l l y  

planned, t h i s  f a c i l i t y  was t o  c o n s i s t  o f  a system o f  60.3-mm-diameter ( 2 - i n .  

nomina l )  p i p e  w i t h  h o r i z o n t a l  and v e r t i c a l  s e c t i o n s  i n c l u d i n g  two elbows, a 
be-llows sea led  va l ve ,  and an i n s u l a t e d  p i p e  hanger, Due t o  a p r i o r i t y  c o n f l i c t ,  

t h e  v a l v e  was wi thdrawn and t h e  f a c i l i t y  was cons t ruc ted  w i t h o u t  i t .  The f a c i l i t y  
i n c l u d e d  an e l e c t r i c a l  power supp ly  w i t h  c o n t r o l l e r s  t o  p r o v i d e  s p e c i f i e d  tempera- 
t u r e s ,  a da ta  l o g g e r  f o r  temperature reco rd ing ,  and power meters.  

2. Tes t  A r t i c l e s  

The t e s t  a r t i c l e s  i n  o p e r a t i o n  d u r i n g  t h e  p r e v i o u s  y e a r  and i n t o  1981 a r e  

desc r ibed  as f o l l  ows : 

1) A R I  cab le  w i t h  improved ARI-designed and - i n s t a l l e d  t e r m i n a t i o n  

c o n s i s t i n g  o f  a b razed hot-element-to-cold-element s p l i c e ,  a l o n g  

c o l d  element , and a brazed c o l  d -e l  ement- to- f l  e x i  b l  e-1 ead s p l  i c e  , 
w i t h  these t r a n s i t i o n  p ieces  enc losed and p o t t e d  

A R I  c a b l e  w i t h  ETEC-designed and - i n s t a l l e d  t e r m i n a t i o n  c o n s i s t i n g  

of  a b razed hot-element-to-cold-element s p l i c e  enc losed i n  a com- 

m e r c i a l  he rmet i c  sea l ,  a s h o r t  c o l d  element, and a brazed c o l d -  

element-to-flexible-lead s p l i c e  

2 )  
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3) A R I  cab le  w i t h  ETEC-designed and - i n s t a l l e d  t e r m i n a t i o n  c o n s i s t i n g  

of a hot-element-to-flexible-lead brazed spl ice  w i t h  impregnation 
of the  m ine ra l  i n s u l a t i o n  i n  the  end zone by a m o i s t u r e - i n h i b i t i n g  

compound of s i l i c o n e  t o  form a s e a l .  

I n  a d d i t i o n ,  t he  t e s t  a r t i c l e s  which subsequent ly  became a v a i l a b l e  and were 

added t o  t h e  t e s t  program d u r i n g  1981 are  descr ibed as f o l l o w s :  

4 )  Pyrotenax cab le  (France)  w i t h  i n t e g r a l  t e r m i n a t i o n  c o n s i s t i n g  o f  

a hot-element-to-cold-element t r a n s i t i o n  achieved by a change i n  

w i r e  d iameter  (and, t h e r e f o r e ,  w i t h o u t  a s p l i c e ) ,  a l o n g  c o l d  

element,  and a brazed cold-element-to-flexible-lead s p l i c e  i n  a 

sea l  i n g  g land 

5 )  Vacuumschmel ze cab le  (Germany) w i t h  i n t e g r a l  t e r m i n a t i o n  c o n s i s t -  

i n g  o f  a hot-element-to-cold-element t r a n s i t i o n  achieved by a 

change i n  w i r e  d iameter  formed b y  a t i g h t - f i t t i n g  meta l  s leeve 
o v e r  the w i re ,  a l o n g  c o l d  element formed by  t h i s  s leeve,  and a 
brazed c o l  d -e l  emen t - t o - f  1 e x i  b l  e-1 ead s p l  i ce i n  a sea l  i n g  g l  and. 

The t e s t  a r t i c l e s  f o r  t he  v e r i f i c a t i o n  t e s t  were the  heaters  and the  

i n s u l a t e d  p i p e  hanger. Two types o f  heaters  were used: 

d e s c r i b e d  i n  I t e m  1 and the  A R I  cab le  w i t h  t h e  ETEC- insta l led t e r m i n a t i o n  

d e s c r i b e d  i n  I t em 3 supplemented w i t h  a GE-designed s t r e s s  r e l i e f  dev ice  a t  t he  

s p l i c e .  

s i s t s  o f  a s p l i t  c y l i n d e r  o f  Maramet w i t h  l e n g t h w i s e  s l o t s  f o r  pass ing  hea te rs  

and gas ( t o  f a c i l i t a t e  sodium l e a k  d e t e c t i o n )  h e l d  by  a s t a i n l e s s  s t e e l  band, 

f o r m i n g  a body suppor ted by t h r e e  convent iona l  p i p e  hanger assembl ies.  

t he  A R I  improved type 

The i n s u l a t e d  p i p e  hanger i s  a t y p e  designed f o r  use i n  CRBRP. I t  con- 

3. T e s t  Method 

The program i n  e f f e c t  d u r i n g  1981 i n v o l v e d  t h r e e  types of  t e s t s :  (1) acce l -  

e r a t e d  l i f e ,  ( 2 )  p r o t o t y p e  p ipe ,  and (3)  p r o t o t y p e  v e r i f i c a t i o n ,  
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Q The accelerated l i f e  t e s t  used the thermal cycle method, as has  been used 
f o r  the t u b u l a r  heaters.  I n  t h i s  method, the heater,  mounted on a support i n  an 
enclosure, i s  thermally cycled by the apDlication of e lec t r ica l  power for 5 min 
t o  ra i se  the sheath temperature t o  927OC ( 1 7 O O 0 F ) ,  followed by a 10-min interval 
without power so t h a t  the sheath temperature decreases substant ia l ly .  

l ing i s  continued until heater f a i l u r e ,  as shown by an open c i r cu i t  o r  a low 
element-to-sheath resistance.  In the i n i t i a l  t es t ing ,  the heaters were wound on 
a 25.4-mm-diameter ( 1 - i n . )  tube t o  form a helix.  I n  l a t e r  t e s t s ,  the heaters 
were mounted on 1.07-m-diameter (42-in.)  supports t o  evaluate the e f f ec t  o f  the 
la rger  bend radius in prolonging l i f e .  

The cyc- 

To provide an accelerated l i f e  t e s t  l ess  severe t h a n  t h a t  described above, 
a se r ies  o f  t e s t s  was devised l a t e  in the year t o  use the same a p p a r a t u s  and 
method b u t  t o  ra i se  the sheath temperature only t o  8 1 6 O C  (15OO0F) a n d  t o  m o u n t  
the heaters on the larger  diameter supports. 

I n  the prototype pipe t e s t ,  the heaters were ins ta l led  on the t e s t  pipes in 
a manner simulating the ins ta l la t ion  methods or ig ina l ly  proposed f o r  the CRBRP. 

These heaters were wrapped around the pipes t o  form a helix.  They were powered 
t o  maintain the t e s t  pipes a t  5 1 5 O C  (96OOF') throughout the l i f e  of the heater.  
The temperature of each t e s t  pipe was monitored to ver i fy  proper operation. 
Heater f a i lu re  was detected by a temperature decay, or ground f a u l t  interrupter  
t r ip ,  indicating possible f a i l u r e ,  followed by a continuity and insulation 
resistance t e s t .  
mounted by a d i f fe ren t  method, believed t o  be an improvement. 
known as the serpentine configuration, the heater i s  formed on a f i x tu re  t o  pro- 
vide a wave pattern running lengthwise over 240' of the lower surface of the 

pipe. 

The heaters added t o  the t e s t  a f t e r  the o r i g i n a l  g r o u p  were 
I n  t h i s  method, 

The heater t h u s  formed i s  pressed into place on the pipe. 

The prototype ver i f icat ion t e s t  was formulated t o  demonstrate the adequacy 
of the presently planned designs for MI cable use on C R B R P .  
of  a p p l y i n g  e lec t r ica l  power t o  the heater t o  ra i se  the pipe temperature a t  

The t e s t  consists 
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specified rates  t o  438OC ( 8 2 O O F )  and measuring the power required a n d  the tem- 

a e r a t u r e s  a t  various points in the system. Upon completion o f  the various tem- 
perature ramp and hold t e s t s ,  the system i s  t o  operate a t  steady s t a t e  a t  438OC 
fo r  4000 h .  
the t e s t  conditions, t h a t  i s ,  t o  achieve the desired heating ra te  a n d  f inal  sus- 
tained temperature, a secondary heater system having a 30% greater power rating 
was b u i l t  i n t o  the ver i f icat ion t e s t  apparatus. 
need, the basic system will be turned o f f  e l ec t r i ca l ly  and  the t e s t  will be per- 
formed using the secondary heater system. 

I n  considering the possible f a i lu re  of the heating system t o  meet 

I f  the t e s t  d a t a  indicate the 

C .  RESULTS 

The resu l t s  of the accelerated l i f e  t e s t s  performed during 1981 are  presented 
in Table VII - I .  

As shown, the two French heaters,  which were wound o n t o  a 25.4-mm-diameter 
(1 - in . )  suppor t ,  las ted for  an average of 9366 cycles, which i s  much greater  t h a n  
any of the 1 2  U . S .  cables tes ted previously on the 25.4-mm support. 
shown f o r  the cables wound o n t o  the 1.07-m-diameter ( 4 2 - i n .  ) support were contrary 
t o  expectations, since the i r  average cycle capabili ty was only 1786 cycles. 
reason f o r  the t e s t  on the larger  diameter support was t o  demonstrate t h a t  in the 
absence of cracks in the insulation as the resu l t  of short-radius bends, the 
heater operati n g  1 i f e  i s  longer. 
l a s t  year on t e s t s  of ARI. 
i n  the cracking phenomenon, was very nearly the same for the two groups of heaters.  
The insulation pur i ty ,  also a possible f ac to r ,  was lower in the French heaters.  

The resu l t s  

The 

Such resul t s  , as expected, were demonstrated 
The insulation compaction density,  which i s  a factor  

The German heaters t h a t  were mounted on the large-diameter supports a lso 
had a low thermal cycle capabi l i ty .  
the small-diameter support because the prototype pipe t e s t  had shown t h a t  these 
heaters have a very short  operating l i f e  and are unsatisfactory.  These heaters 
have a re la t ive ly  low compaction density and puri ty .  

No t e s t s  of these heaters were performed on 
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Heater D e s c r i p t i o n  Heater Mount ing 

R/ L Support H e l i x  
S e r i a l  [R/m L Termi - Diameter P i t c h  

NO. ( n / f t ) ]  [ m ( f t ) l  n a t i o n  [mm(in. )I [mm(in.)I 

Tes t  Resu l ts  

Oper- 
a t i n g  
Cycles Comments 

A R I  Ca 

075 

076 

0 78 

0 79 

0 80 

081 

047 2.82 

048 2.82 

049 2.82 

050 2.82 

(0.86) 

(0.86) 

(0.86) 

(0.86) 

- l e  (USA), F i e l d - I n s t a l l e d  Terminat ion,  EBR-I1 

10 25.4 5 . 1  

10 25.4 5 . 1  

10 1067 25.4 

10 1067 25.4 

(32.8) D (1.0) (0.20) 10152 

(32.8) D (1.0) (0.20) 8580 

(32.8) D (42)  (1.0) 2105 

(32 .8)  D (42)  (1 .0 )  1468 

2.40 
(0 .73)  

2.40 
(0 .73)  

2.40 
(0.73) 

2.40 
(0.73) 

2 -40 
(0.73) 

2.40 
(0 .73)  

059 2.49 10 

060 2.49 10 

(0.76) (32.8) E 

(0.76) (32.8) E 

6.25 
(20.5) 

6.25 
(20 .5)  

6.25 
(20.5) 

6.25 
(20.5) 

6.25 
(20.5) 

6.25 
(20 .5)  

25.4 4.8 
(1 .0 )  (0.19) 2272 

25.4 4.8 
(1 .0 )  (0.19) 1620 

1067 

1067 

1067 

1067 

1067 

1067 

(42)  

(42)  

(42)  

(42)  

(42)  

(42)  

25.4 

25.4 

25.4 

25.4 

25.4 

25.4 

(1.0) 

(1.0) 

(1.0) 

(1.0) 

(1 .0)  

(1.0) 

!€!E 

4662 

4662 

2531 

2531 

4062 

2531 

Fa i  1 ed by cab l  e 
s h o r t  

F a i l e d  by cab le  
e l  emen t open 

F a i  1 ed by cabl  e 
e l  emen t open 

F a i l e d  by  cab le  
element open 

F a i  1 ed by cabl  e 
e l  emen t open 

F a i  1 ed by cabl  e 
e l  emen t open 

Opera t ing  as o f  
Dec. 31, 1981 

Opera t ing  as o f  
Dec. 31, 1981 

Opera t ing  as o f  
Dec. 31, 1981 

Opera t ing  as o f  
Dec. 31, 1981 

Opera t ing  as o f  
Dec. 31, 1981 

Opera t ing  as o f  
Dec. 31, 1981 

Terminat ions :  

Type C - ETEC-instal led u s i n g  s i l i c o n e  sea l .  F l e x i b l e  l e a d  brazed d i r e c t l y  t o  

Type D - I n t e g r a l  h o t - t o - c o l d  t r a n s i t i o n .  Heater manufactured by Pyrotenax ' 

Type E - I n t e g r a l  h o t - t o - c o l d  t r a n s i t i o n .  Heater manufactured by  Vacuum- 

t h e  h o t  element w i re .  

(France).  

schmelze (Germany). 
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I 

The t e s t s  a t  t he  l ower  sheath temperature o f  8 1 6 O C  (1500°F), u s i n g  the  A R I  
I a b l e  w i t h  t h e  f i e l d - i n s t a l l e d  t e r m i n a t i o n s ,  were s t a r t e d  l a t e  i n  t h e  y e a r .  

S ince these hea te rs  a r e  t o  be t e s t e d  a t  a l ower  sheath temperature b u t  o the rw ise  

averaged an 8634-thermal - c y c l e  c a p a b i l i t y ,  a much g r e a t e r  number o f  c y c l e s  i s  

expected.  The r e s u l t s  o f  t h e  t e s t s  a r e  p resented  i n  Tab le  V I I - 1 .  

1 under t h e  same c o n d i t i o n s  as those t e s t e d  l a s t  y e a r  a t  927OC (17OO0F), which  

I n  t h e  p r o t o t y p e  p i p e  t e s t ,  n i n e  hea te rs  o f  t he  o r i g i n a l  group o f  24 remained 

i n  o p e r a t i o n  a t  t h e  beg inn ing  o f  t h e  y e a r .  

which f a i l e d  d i d  so w i t h i n  a r e l a t i v e l y  few hours o f  s t a r t u p ,  and these n i n e  

hea te rs  had opera ted  u n e v e n t f u l l y  f o r  thousands o f  hours,  t h e  t e s t  was cons idered 

complete and was ended on A p r i l  15 .  A t  t h a t  t i m e ,  these hea te rs  had opera ted  
12,784 h a t  5 1 6 O C  (96OOF). 

t e r m i n a t e d  th rough he rmet i c  s e a l s ,  and t h e  o t h e r  e i g h t  used a s imp le  t e r m i n a t i o n  

c o n s i s t i n g  l a r g e l y  o f  a f l e x i b l e  l e a d  brazed d i r e c t l y  t o  t h e  h e a t e r  element w i r e  

(Type C i n  Tab le  V I I - 2 ) .  

S ince those o f  t h e  o r i g i n a l  group 

A l l  o f  these hea te rs  were made o f  A R I  cab le .  One was 

The f o u r  French hea te rs  (Type D i n  Tab le  V I I - 2 )  i n  t h e  p r o t o t y p e  p i p e  t e s t  

a r e  c o n t i n u i n g  t o  pe r fo rm s a t i s f a c t o r i l y .  

i n t e r r u p t e d  t h r e e  t imes by a f a i l u r e  o f  t h e  s p l i c e  between t h e  f l e x i b l e  l e a d  and 

t h e  c o l d  conductor .  By t h e  end of  t he  yea r ,  t h i s  hea te r  had opera ted  7068 h and 

the  o t h e r s  had opera ted  8568 h. 

The o p e r a t i o n  o f  one o f  these was 

The f o u r  German hea te rs  (Type E i n  Table VII -2 )  i n  t h e  p r o t o t y 7 e  p i p e  t e s t  

f a i l e d  w i t h i n  a r e l a t i v e l y  few hours o f  s t a r t u p .  I n  a l l  cases, t h e  f a i l u r e  was 

a b r i t t l e  f r a c t u r e  o f  t h e  element w i r e  w i t h o u t  any apparent  i n s u l a t i o n  f a i l u r e .  

A comparison o f  these hea te rs  w i t h  o t h e r s  (French and U.S.) hav ing  a much l o n g e r  

o p e r a t i n g  l i f e  showed t h a t  t he  most obv ious d i f f e r e n c e  was t h a t  t h e  German 

hea te rs  had much l o w e r  i n s u l a t i o n  compaction d e n s i t y  and p u r i t y .  

o r d i n a r i l y  a r e  assoc ia ted  w i t h  i n s u l a t i o n  breakdown f a i l u r e  and n o t  element f r a c -  

t u r e  as was observed. The r e s u l t s  o f  t h i s  t e s t  a re  p resented  i n  Tab le  V I I - 2 .  

These f a c t o r s  

The p r o t o t y p e  v e r i f i c a t i o n  t e s t  has been i n  o p e r a t i o n  such a s h o r t  t ime  t h a t  

no s i g n i f i c a n t  r e s u l t s  can be presented  i n  t h i s  r e p o r t .  
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S e r i a l  
No. 

2 7  
28 
19 

18 
20 
30 
31 
32 
15 
16 
41 
42 

43 
44 
45 
46 
55 
56 
57 
58 

0 .73  
0 .73  
0 .18  
0.18 
0.18 
0 .73  
0 .73  

0 .73  
0 . 1 8  
0.18 
0 .73  
0 .73  
0.86 
0 .86  
0.86 
0.86 
0.76 
0.76 
0.76 
0.76 

52.5 
52.5 

213 
213 
213 

44 
44 

44 
178 
178 

50 
50 
32.8 
32.8 
32.8 
32.8 

32.8 
32.8 
32.8 
32.8 

~ 

Te rmi -  
n a t i o n  

TY Pe 

C 

C 

C 

6 

C 

B 
C 

C 

C 

C 

A '  

A '  

D 

D 

D 
D 
E 
E 
E 

E 

TABLE VII -2  
PROTOTYPE PIPE TEST 

Mandrel  
D iameter  

( i n . )  

1.25 
1.75 
1 . 2 5  
1.75 
1.75 
---- 
---- 
-_- -  
---- 
- _ _ -  
8.625 
8.625 
8.625 

8.625 
8.625 
8.625 

8.625 
8.625 
8.625 
8.625 

Pipe  
D iamete r  

( i n . )  

1.315 
1.315 

1.315 
1.315 

1.315 
8.625 
8.625 

8.625 
8.625 
8.625 
8.625 
8.625 

8.625 
8.625 
8.625 
8.625 
8.625 
8.625 
8.625 
8.625 

P i t c h  
( i n . )  

1.5 
2 . 1  
0.375 
0.50 
0.50 
5 .0  
5 .0  

5.25 
1 . 2  
1 . 3  
6.13* 
6.13* 

9.22* 
9.22* 
9.22* 
9.22* 

9.22* 
9.22* 
9.22* 
9.22* 

S t a n d o f f  
( i n . )  

0 
0.25 
0 
0.25 
0.25 
0 
0 
0.25 
0 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

End Cab le  - 
0 - 

X 

X 

X 

X - 

Oper- 
a t i n g  

Time 
( h )  

12,784 
12,784 
12,784 

0 
12,784 
12,784 
12,784 

12,784 
12,784 
12,784 

8,568 
1,464 
8,568 
8,568 
8,568 
7,068 

149 
40 
38 

198 

0 = oDen c i r c u i t :  S = s h o r t  c i r c u i t .  
* =  

1 -  - 
Type A = 
Type 6 = 
Type C = 
Type 0 = 
Type E = 

F =  
R =  
T =  

s e r p e n t i n e  c o n f i g u r a t i o n .  
improved Type A .  
f a c t o r y  i n s t a l l e d .  
ETEC i n s t a l l e d ,  ceramic  s e a l .  
ETEC i n s t a l l e d ,  s i l i c o n e  s e a l .  
i n t e g r a l  h o t - t o - c o l d  t r a n s i t i o n .  Hea te r  manu fac tu red  by Pyro tenax  (F rance ) .  
i n t e g r a l  h o t - t o - c o l d .  Hea te r  manufac tured  by Vacuumschmelze (Germany). 
f a i l e d  a t  o p e r a t i n g  t i m e  shown. 
s a t i s f a c t o r i l y  comple ted  f u l l  t e rm o f  t e s t ,  then removed from t e s t  a t  t h e  number o f  hours  shown. 
t e s t i n g  i s  i n  p rog ress ,  w i th  t h e  number of  hours  shown as o f  Dec. 31, 1981. 

Dimension r e f e r s  t o  "wave length . "  A l l  o t h e r s  have h e l i x  c o n f i g u r a t i o n .  
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V I I I .  PROX Ill ITY TRANSDUCERS 

V .  DE VITA 

A. INTRODUCTION 

As a continuing development a n d  t e s t  program t o  assess the performance of an 
ultrasonic proximity measurement system, t h i s  yea r ' s  e f f o r t  focused on s t a t i c  
measurements in sodium. 
ized during the previous year ' s  ac t iv i ty ,  which also included s t a t i c  tes t ing in 
water. 
basic performance charac te r i s t ics  including l i n e a r i t y ,  resolution l imi ta t ions ,  

measurement range, sodium temperature compensation, sodium temperature l imi t s ,  
repea tab i l i ty ,  and r e l i a b i l i t y .  
i t  i s  planned for  next year.  

The design features a n d  assembly techniques were f ina l -  

This year ' s  sodium test ing period, covering a span of 10 months,  evaluated 

No dynamic tes t ing in sodium was conducted, b u t  

B. TEST DESCRIPTION 

1. Fac i l i ty  

The high-bay area i n  Building 057 was used for the s t a t i c  sodium tes t ing .  
The tes t ing u t i l i zed  the f ix ture  from Rig 2 in exactly the same manner as reported 
i n  previous annual reports on the ultrasonic proximity transducer, except t h a t  
the mounting bracket was modified t o  a d a p t  t o  the ultrasonic transducer 
c o n f i g u r a t i o n .  

2 .  Test Art ic le  

a .  Transducer 

An isometric drawing  of the transducer assembly i s  shown i n  Figure VIII-1.  
As described i n  the previous yea r ' s  report ,  the design features and assembly 
techniques are a resu l t  of f i r s t  tes t ing in water. The f r o n t  plate  thickness i s  

ETEC-82-1 
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a FIXED TARGET AND BODY HOLDER 

@ SHEATHED CABLE 

@ ~ 1 2 0 3  INSULATOR 

@ THREE BELLEVILLE SPRINGS 

@ THRUST WASHER 

@ RETAINER RING 

@ REAR HOUSING 

@ GAS PURGE TUBE 
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Figure V I I I - 2 .  Ultrasonic Transducer Mounted in Test Fixture 

an even multiple o f  wavelengths, a t  5 mHz, f o r  maximum pulse transmission. 
ure VIII-&shows the tes t  a r t i c l e  ins ta l led  in the t e s t  f i x tu re .  
t a rge t ,  p a r t  of the t e s t  f i x tu re ,  t ravels  ver t ica l ly .  
coupled t o  a micrometer and dial  indicator ,  located outside the t o p  l i d .  
ref lected surface o f  the moving  t a rge t  i s  machined t o  a radius of 6 i n .  (15 .2  cm), 
simulating the diameter o f  the FFTF pump sha f t .  

F i g -  

The moving 
The moving ta rge t  i s  

The 

b .  Electronics 

The transducer and e lectronic  signal conditioning module are separated by 
~0 f t  (18.29 m ) ,  30 f t  (9 .15 m )  of s ta in less  s teel  sheathed cable, 5 f t  (1.5 m )  

ETEC-82- 1 
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dimensional changes i n  the fixed target  due 
g a i n  control (AGC)  network follows the amp1 
and continually varies the gain t o  main ta in  
threshold level fo r  the s t a r t  of the t i m i n g  

of  which i s  immersed in l iquid sodium, and 30 f t  (9.15 m )  of so f t  RG-62/11 coaxial 

and conditions the ref lected (received) pulses. The flow of the transmit/receive 
functions i s  as follows: 
narrow-width pulse a t  a r a t e  of 5000 pulses per second. Synchronous w i t h  the 
pulse t h a t  i s  transmitted t o  the ultrasonic transducer crystal i s  an internal 
pulse t h a t  simultaneously gates a 50-mHz osc i l l a to r .  The osc i l l a to r  i s  gated o.ff 

synchronous with the return o f  the reflected fixed pulse. 
i s  counted i n  t h i s  gated time period and compared t o  a preset reference counter. 
I f  the difference o f  counted pulses i s  greater t h a n  1 count, then within a closed 
feedback l o o p  an o f f s e t  v o l t a g e  i s  produced t h a t  v a r i e s  the  f requency o f  t he  
50-mHz osc i l l a to r  i n  order t o  produce no difference in counted pulses when com- 
pared t o  the preset  reference counter. This i s  the compensation technique used 
for  variations in the g a p  measurement due t o  velocity of sound changes and 

cable. The same electronic module generates the excitation (transmitted) pulses 8 
A free-running Dulse osc i l l a to r  generates a 250-V 

The number of  pulses 

t o  thermal expansion. The automatic 
tude of the reflected fixed target  
a constant f ixed-target level .  The 
gate i s  then adjusted f o r  a fixed 

r a t i o  w i t h  respect t o  the peak level .  
gate i s  the r e s t a r t  of the 50-mHz osc i l l a to r ,  which continues until shut o f f  by 
the ref lected moving-target pulse. The number of pulses i s  again compared t o  a 
second preset counter. 
gap  ( i n  mi l s ) .  

Simultaneous w i t h  the s t a r t  of  the t i m i n g  

The overflow of pulses i s  then a d i rec t  measure of the 
One count i s  equivalent t o  a displacement of 1 mil i n  the d i g i t a l  

a s ign i f icant  increase i n  resolu- 
y s e t  and  l i e s  anywhere between 
i n  th i s  measurement i s  s e t  a t  
xed ta rge t .  
in .  (3.43 cm) generates an o u t p u t  

The position of the 

form. B u t  i n  the digital-to-analog conversion, 
t i o n  i s  generated. The "zero" g a p  i s  a r b i t r a r i  
the fixed ta rge t  and moving t a rge t .  The "zero" 
~ 1 . 1  in .  (2 .79  cm) from the front  edge of the f 
moving target  from 1.100 i n .  (2.79 cm) t o  1.350 
voltage between 0 and  10 V dc. 

C. TEST RESULTS 

Figure 
i n  water pr 

VIII-3 displays the s 
o r  t o  ins ta l la t ion  in 

gnal  response of the fixed and moving targets  
sodium. By design, the moving-target pulse i s  - 

W 
ETEC-82- 1 
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I _  

I -  
Figure V I I I - 3 .  Target Reflections in Water Medium 

larger in amplitude t h a n  the fixed-target pulse. 
from b o t h  targets  following the i n i t i a l  ref lect ion.  This i s  due t o  reverbera- 
t ions from the f ront  p la te ,  which i s  0 .246  in.  (0 .625  cm) thick.  

Also, note the t r a i l i ng  pulses 

After insertion into the Rig 2 sodium t a n k ,  the f i r s t  indications of 
ref lected s ignals  were n o t  observed until the temperature reached 800'F ( 4 2 6 . 7 O C ) .  

This established the wetting temperature needed for  future pump i n s t a l l a t ions .  
Figure VIII-4 shows the change i n  character o f  the signal i n  l i q u i d  sodium. Note 

the more rapid decay of the t r a i l i n g  pulses from b o t h  targets  following the in i -  
t i a l  ref lect ion when compared t o  Figure VIII-3. This i s  a r e su l t  of a reduction 
of  the mismatch in  acoustic impedance between s ta in less  steel-water and s ta inless .  
s tee1 -sodi urn. 

Improvements in e lectronic  signal enhancement techniques were implemented 
Fig- and evaluated. Figures VIII-5a and  -5b show two signals simultaneously. 

ure VIII-5a shows a typical cycle, which includes the excitation and the fixed- 
and moving-target re f lec t ions .  Figure V I I I - 5 b  displays a closer view of a typi- 
cal moving-target re f lec t ion ;  the upper trace i s  a typical reflected signal t h a t  

ETEC-82- 1 
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0.1 Vlcm - 
20 &cm - 

VERTICAL 

HORIZONTAL 

ETEC-67085 

Figure VIII-4. Target Reflections in Sodium a t  8OO0F (426.7OC) 

has only been amplified. Note the level of acoustic background noise. The lower 
trace i s  the output o f  the same pulse tha t  has been sp l i t  by a quadrature 
detector ,  each output squared and then summed. 
going s igna l ,  due to  the squaring function; more important i s  the s ign i f icant  
reduction of the background noise level despite an increase i n  amplitude of the 
reflected s ignal .  W i t h  th is  c i rcu i t ry  and threshold level voltage a d j u s t e d  f o r  
both fixed and moving ta rge ts ,  tes t ing from 400 to  105OOF (204.4 to  565.5OC) was 
performed. Displacement vs the ultrasonic output, i n  vo l t s ,  was conducted a t  
400, 500, 600, 700, 800, 900, 1000, and 105OOF (204.4, 260, 315.5, 371.1, 426 .7 ,  
482.2, 537.8, and  5.65.5OC). Figure VIII-6 is  the typical output plot  observed 
a t  a l l  temperatures. Nonlinearity e r rors  over a 250-mil (0.64-cm) range i s ,  
typical ly ,  the equivalent o f  k0.5 mil (0.0013 cm). 
t h a t  the resolution, despite the wide range of 250 mils (0.64 cm), i s  0.1 mil 
(2.5 x cm). 

Note the absence of any negative 

Figure VIII-7 demonstrates 

W i t h  the f ix ture  positioned a t  a constant 40-mil (0.1-cm) reference gap, the 
output was plotted a t  each t e s t  temperature (Figure VIII-8). 
apparent s h i f t  i n  output vs temperature. 

The plot  shows an 
B u t  i t  has been shown, through the a i d  

ETEC-82-1 
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RAW VIDEO 
3 p / c m  - HORIZONTAL 
0.5 Vlcm - VERTICAL 

ELECTRON I CA L L Y  
ENHANCED VIDEO 
OUTPUT 

0.5 Vlcm - VERTICAL (UPPER) 

0.5 V/cm - VERTICAL (LOWER) 

0.5 Wskm - HORIZONTAL 
MOVING TARGET 

RAW VIDEO OUTPUT 

ELECT RON I CA L L Y  
ENHANCED VIDEO 
OUTPUT 

ETEC-67086 

Figure VII I -5 .  Electronically Enhanced Video Outputs 
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TEMPERATURE ( O F )  
ETEC-67089 

F i g u r e  V I I I - 8 .  U1 t r a s o n i c  P r o x i m i t y  C a l i b r a t i o n ,  400-llOO°F 

o f  a v e r y  s t a b l e  and h i g h - r e s o l u t i o n  t ime  i n t e r v a l  counter ,  t h a t ,  i n  f a c t ,  t h e  

t e s t  f i x t u r e  gap was s h i f t i n g  o v e r  t h i s  temperature range. 

cm) s h i f t  i s  n o t  u n r e a l i s t i c ,  consder ing t h a t  t he  l e n g t h  o f  t e s t  f i x t u r e  exposed 

t o  t h e  e l e v a t e d  temperatures i s  33 i n .  (83.8 cm). 

The ~ 5 - m i l  ( r~0.013-  

The s t a b i l i t y  o f  t h e  s t a r t  and end o f  t h e  b a s i c  t i m i n g  g a t e  ove r  t h e  400- 
105OoF (204.4-565.5OC) temperature range i s  shown i n  F igu res  VIII-9 and -10. 

These f i g u r e s  show s imul taneous t r a c e s  o f  t h e  r e f l e c t e d  f i x e d - t a r g e t  p u l s e  w i t h  

t h e  s t a r t  o f  t h e  b a s i c  t i m e  measurement g a t e  and t h e  r e f l e c t e d  mov ing - ta rge t  

p u l s e  w i t h  t h e  end o f  t h e  b a s i c  t i m e  measurement gate.  

m a i n t a i n s  t h e  f i x e d - t a r g e t  p u l s e  amp l i t ude  a t  a c o n s t a n t  l e v e l  o v e r  t h e  a c t i v e  

temperature range, t h e  s t a r t  o f  t h e  b a s i c  t i m e  measurement p u l s e  i s  c o n s t a n t  w i t h  

r e s p e c t  t o  t h e  p u l s e  peak amp l i t ude .  A s i m i l a r  t echn ique  i s  used f o r  t h e  moving- 

t a r g e t  p u l s e  by  d e s i g n i n g  t h e  t h r e s h o l d  l e v e l  a t  a f i x e d  r a t i o  o f  t h e  moving- 

t a r g e t  p u l s e  amp l i t ude .  

w i t h  r e s p e c t  t o  t h e  main and synchronous p u l s e  i s  2 ns when measured i n  terms o f  

Because t h e  AGC c i r c u i t r y  

The s t a b i l i t y  o f  t h e  s t a r t  and end o f  t h e  t i m i n g  g a t e  

V I I I - 9  



TIME GATE START - 

\ THRESHOLD LEVEL (TYP) 

0.2 Vlcrn 
0.1 pslcrn 

4OO0F (204 

0.2 Vlcrn 

0.1 pslcrn 

7OO0F (371 . l0C) 

0.2 Vlcrn 
0.1 pslcrn 

105OoF (565.5OC) 

ET EC-6 7090 

Figure VII I -9 .  Fixed-Target Reflection 
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TIME GATE END - 
THRESHOLD LEVEL (T'fp) \ 

0.5 Vlcm 
0.1 pslcm 
4OO0F (204.4OC) 

0.5 Vlcm 
0.1 Vlcm 
7OO0F (371.1OC) 

0.5 Vlcm 
0.1 Vlcm 
105OoF (565.5OC) 

ET EC-67091 

Figure VIII-10. Moving-Target Reflection 
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A ve ry  r e c e n t  m o d i f i c a t i o n  i n  t h e  s i g n a l  enhancement c i r c u i t  was implemented 

t o  f u r t h e r  improve t h e  measurement s t a b i l i t y .  The m o d i f i c a t i o n  e s s e n t i a l l y  0 
e l i m i n a t e d  t h e  f i r s t  and t h i r d  l o w e r - l e v e l  peaks f rom t h e  t a r g e t  r e f l e c t i o n s  

(F igu res  VIII -9  and -10).  
f i c a t i o n  measured a t  1050, 1000, and 900°F (565.5, 537.8 and 482.2'C). 

t i o n  ove r  t h e  e n t i r e  temperature range i s  i n  p rogress  a t  t h i s  w r i t i n g .  

r e s u l t s  have conf i rmed t h e  j u s t i f i c a t i o n  f o r  t h e  m o d i f i c a t i o n .  

F igu res  VII I -11  and -12 show the  r e s u l t s  o f  t h e  modi- 

Evalua- 

I n i t i a l  

Next y e a r ' s  p lanned t e s t i n g  w i l l  i n c l u d e  a m o d i f i c a t i o n  t o  t h e  t e s t  r i g  t o  

i n c l u d e  (1) a mechanical " ze ro "  s top ,  ( 2 )  up t o  30 f t (9 .1  m) of sheathed cab le  

immersed i n  l i q u i d  sodium, and ( 3 )  an added 200 ft ( 6 1  m) o f  s o f t  c o a x i a l  cab le  

i n  t h e  t r a n s m i t / r e c e i v e  l i n e .  

ETEC-82- 1 
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105OoF 

GATE START = 1 .O V/cm 
FIXED-TARGET PULSE = 0.2 V/cm 
HORIZONTAL = 0.1 ps/cm 

1 000' F 

GATE START = 1 .O V/cm 
FIXED-TARGET PULSE = 0.2 V/cm 
HORIZONTAL = 0.1 p d c m  

900°F 

GATE START = 1 .O V/cm 
FIXED-TARGET PULSE =0.2 V/cm 
HORIZONTAL =0.1 ps/cm 

ETEC-67092 

Figure VII I -11 .  Fixed-Target Reflections 
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1050' F 

GATE END = 1 .O V/cm 

MOVING-TARGET PULSE 

HORIZONTAL = 0.1 ps/cm 

1000' F 

GATE END = 1 .O V/cm 

HORIZONTAL = 0.1 pdcm 
MOVING-TARGET PULSE 

= 0.2 V/cm 

= 0.2 b '/cm 

WOOF 

GATE END = 0.5 V/cm 
MOVING-TARGET PULSE = 0.2 V/cm 
HORIZONTAL = 0.1 pdcm 

ETEC-C7093 

Figure VII I -12 .  Moving-Target Reflections 
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IX. INSERVICE INSPECTION 

V .  D E  VITA 

A .  INTRODUCTION 

Several types of approach for  inservice volumetric inspection of aus ten i t ic  
s t a in l e s s  s t e e l ,  sodium-wetted pipe welds are  act ively being investigated by A N L ,  
O R N L ,  and H E D L .  The ultrasonic method i s  being developed by H E D L .  This t e s t  
program was conducted a t  HEDL's request using HEDL-developed equipment and per- 
sonnel. 
development o f  t he i r  ultrasonic scanning equipment (USE) and inspection procedures 
pr ior  t o  a volumetric inspection of a secondary system pipe weld a t  FFTF.  

The purpose o f  the t e s t  was t o  a s s i s t  them i n  f inal iz ing the design and 

B.  OBJECTIVES 

The major t e s t  objectives were t o :  

1) Collect and  analyze d a t a  fo r  f inal iz ing the transducer system fo r  
the FFTF t e s t .  
Collect and analyze d a t a  for  separating noise s ignals  from defect 
signals d u r i n g  aus ten i t ic  s ta in less  s teel  weld inspections. 
Collect documented calibration d a t a  fo r  sizing and locating weld 
flaw indications reported during l a t e r  inspections a t  FFTF. 
Develop procedures f o r  ins ta l la t ion  of USE on 4OO0F sodium pipe 
incorporating the following considerations: 
a )  Personnel safety 
b )  Equipment safety.  
Eva1 uate in tegr i ty  of developed scan procedures t o  accurately 
gather,  manipulate, and s tore  weld examination d a t a .  
Evaluate USE system capabi l i ty  t o  gather repeatable d a t a  with 
mechanical and e l ec t r i ca l  r e l i a b i l i t y  a t  elevated pipe temperature 
conditions . 

2 )  

3) 

4 )  

5 )  

6 )  

ETEC-82-1 
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Q 7)  Evaluate USE d a t a  gathering and processing capabi l i ty  from a 

rem0 tel  y pos i t i  one d i n s t r urnen t a t  i on t ra i 1 e r . 
8)  Train H E D L  technology and engineering personnel in the operation 

and manipulation of the USE and computer scan procedures under 
f i e l d  conditions. 

- 

C .  EQU IPMENT DESCRIPTION 

The pipe weld inspection system consists of a mechanical scanning sect ion,  
a couplant c a r t ,  scan equipment posit ional control e lectronics ,  ultrasonic d a t a  
acquisit ion electronics , a central computer 
and a remote instrumentation van .  

f o r  master 

s t s  of a p 

control and d a t a  analysis ,  

The mechanical scanning equipment cons pe clamp assembly and the 
ultrasonic scanning mechanism (USM). 

t r ack  t h a t  i s  pa r t  of the pipe clamp assembly. 
a l l  under computer control.  
ultrasonic transducer assemblies in controlled,  measured positions w i t h  respect 
t o  the t e s t  weld and t o  manage the coolant and e lec t r ica l  control/instrumentation 
l ines  such t h a t  a fu l l  360-degree scan of the weld can be made. Figure IX-1 shows 
the mechanical scanning equipment ins ta l led  on the t e s t  pipe section. 

The USM i s  mounted on a circumferential 
I t  has s i x  degrees o f  freedom, 

The primary purpose of the USM i s  t o  position the 

The couplant ca r t  delivers a stream of 130°F constant-temperature s i1  icone 
o i l  couplant t o  each ultrasonic transducer mounted on the USM. 
pose i s  t o  es tabl ish an ultrasonic signal p a t h  between the t e s t  weld and the 
transducer. 
ducer and maintain the transducer a t  a constant operating temperature. 
was ins ta l led  a s  close t o  the t e s t  weld as prac t ica l .  

The primary p u r -  

The secondary purpose i s  t o  provide coolant t o  the ultrasonic trans- 
The c a r t  

A block diagram/schematic of the total  system i s  shown in Figure 1 x 2 .  

ETEC-82- 1 
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Figure IX-2. Ultrasonic Scanning Equipment 
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1 

TEST DESCRIPTION 

The 16-in.-diameter pipe t e s t  section containing the  circumferential b u t t  
welds with the cal ibrat ion defects was adapted t o  f i t  in to  a 10-in.-diameter 
sodium l ine  in SCTI. This was accomplished with the use of 16-in. t o  10-in. 
eccentric reducers a t  each end of the t e s t  section. 
t o  ensure t h a t  a gas bubble did n o t  ex i s t  between the inside surface of the t e s t  
a r t i c l e  welds and the sodium. 

Eccentric reducers were used 

After the t e s t  section was welded into the sodium, H E D L  was informed. The 
mechanical scanning system was then ins ta l led  on the t e s t  section by H E D L  person- 
nel with assistance from ETEC. The couplant c a r t ,  the e lectronic  racks, the v a n ,  
and a l l  the  interconnecting wire between equipment were ins ta l led .  

t ions were performed a t  t h i s  time t o :  
These opera- 

1) Ensure t h a t  the space envelope available in the area of the t e s t  
specimen was adequate t o  allow proper scanner operation and fu l l  
freedom for  a l l  scanner motions. 

2 )  Allow a training exercise for  the personnel w h o  will be involved 

3) 

in ins ta l l ing  USE on the t e s t  specimen a t  elevated temperature. 
Obtain additional base1 ine ultrasonic d a t a  a t  room temperature for 
comparison t o  d a t a  t h a t  will be acquired a t  elevated temperature. 

After completion o f  t h i s  checkout, the mechanical scanning equipment was 
removed and e lec t r ica l  heaters were instal led on the t e s t  section. The section 
was then thermally insulated.  The sodium loop, including the t e s t  a r t i c l e ,  was 
preheated t o  4OO0F, and  the loop was f i l l e d  with sodium and c i rculat ion estab- 
l ished.  The loop temperature was raised t o  900°F t o  obtain internal wetting of 
the t e s t  section. The system temperature was then lowered t o  400 F- lo ,  +50 and a 

flow ra t e  of ~1000 gal/min was established. 
secondary system refueling conditions. The thermal insulation and e lec t r ica l  
heaters were then removed from the t e s t  sect ion,  and the t e s t  section was turned 
over t o  H E D L  t o  commence the t e s t .  H E D L  ins ta l led the mechanical scanning system 
on the t e s t  section ( i n  the heated condition),  connected equipment t o  the  related 

These conditions simulate the expected 

A 
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hardware, established couplant flow, and i n i t i a t ed  ultrasonic weld inspection. 
HEDL personnel .operated a l l  the equipment during the tes t ing and gathered a l l  
d a t a  on system performance on equipment furnished by HEDL. Data analysis and 
performance reports are  a HEDL responsibi l i ty .  No data are  provided herein; 

however, i t  can be stated tha t  the f i e l d  insta  l a t i o n  and application of the 
equipment were ver i f ied.  

The tes t ing proceeded in a timely and orderly fashion except t h a t  a sodium 
leak t h a t  developed in the H - 1  sodium heater economizer a t  SCTI forced a disrup- 
t ion i n  tes t ing because i t  required tha t  the loop be drained of sodium while 
repair  was accomplished. 
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X .  SELF-ACTUATED SHUTDOWN SYSTEM - A R T I C U L A T E D  CONTROL 

ASSEMBLY (SASS-ACA) TEST PROGRAM 

R .  L .  B R Y A N  

A .  INTRODUCTION 

Several self-actuated shutdown systems for  future l iquid metal f a s t  breeder 
reactors ( L M F B R s )  are being developed. 
an  a r t icu la ted  absorber comprised o f  three sections o f  s ta in less  s tee l  rods with 
enriched B4C pe l l e t s .  
designed and b u i l t  by Westinghouse - Advanced Reactors Division ( W A R D ) .  
assembly i s  supported by an electromagnet i n  which a portion of the magnetic c i r -  
cu i t  i s  made of an alloy with a selected Curie temperature. 
of t h i s  alloy was selected t o  provide a sharp decrease in magnetic saturation a t  
105OoF (565.5OC) - the target  temperature f o r  inherent release o f  the absorber 
assemblv. 

One of the candidate concepts consists of 

The t e s t  unit  being tested as a proof-of-principle was 
The 

The Curie temperature 

'The t e s t  unit  i s  being tested in sodium. 

The t e s t  program consists of tes t ing a fu l l - sca le  t e s t  unit  of an ar t iculated 
rod secondary shutdown system with inherent inser t ion.  
include: (1) injection characterization, ( 2 )  pretest  characterization, (3 )  inher- 
ent  re lease,  ( 4 )  drop time, ( 5 )  withdrawal load, ( 6 )  performance a f t e r  an extended 
dwell 

Test program objectives 

and  ( 7 )  performance with a bowed guide t u b e .  

B. DESCRIPTION 

1. Fac i l i ty  

The S ta t i c  Sodium Test Fac i l i ty  (SSTF) provides the capabil i ty f o r  sodium 
f i l l ,  drain,  pur i f ica t ion ,  and  sampling t o  enable research and development t e s t -  
ing,  acceptance tes t ing of prototype uni t s ,  f r i c t ion  and wear experiments, a n d  
cal ibrat ion of instruments in support of the Fast Flux Test Fac j l i ty  ( F F T F ) ,  
C 1  inch River Breeder Reactor ( C R B R )  , LI:IFBR projects , and other national energy 
programs. 

A 
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The f a c i l i t y  consists of s ix  t e s t  r igs  ident i f ied as 032-R1 through 032-R6. 
Each t e s t  rig performs a d i f fe ren t  function. 

The SSTF sodium systems consists of a supply-storage vessel t h a t  provides 
sodium fo r  t e s t  vessel(s)  in each r ig  and a sodium purification system capable of 
f i l t e r i n g  cold trapping and sampling of the sodium in the various t e s t  vessels.  

Test Rig 032-R2 provides three vessels (T-2 ,  T-4 ,  and T-5), each with 
flanged-head access. T-2 i s  12  i n .  (30 cm) i n  diameter by 8 f t  5 in .  ( 2 . 6  m) 
high and serves primarily as a sodium expansion tank for  032-R2 when the t e s t  r ig  
i s  isolated from 032-R1. T-4, the smallest t e s t  vessel ,  i s  12  in .  (30 cm) in 
diameter by 5 f t  10 in .  (1.8 m) high. T-5, the la rges t  t e s t  vessel, i s  36 in .  
(91  cm) i n  diameter by 10 f t  ( 3  m )  high. The vessels are capable of operating 
independently of each other or in pa ra l l e l ,  and s t a t i c a l l y  or under flow-through 
conditions. 
when the rig i s  isolated from 032-R1. 

032-R2 also possesses i t s  own sodium purification system for  use 

The SASS-ACA Phase I processes and instrumentation are shown schematically 
i n  Figure X - 1 .  The sodium system consists of two vessels ( T - 1 1  and T - 1 2 ) ,  t e s t  
a r t i c l e  housing, and associated sodium piping and argon systems, which t i e  into 
032-R2. T - 1 1  surge t a n k  i s  26 i n .  (66 cm) i n  diameter by 8 f t  3 in .  ( 2 . 5  m) high 
and serves as a surge and supply t a n k  for  the SASS-ACA sodium inventory. 
injection t a n k  i s  18 i n .  (45.7 cm) i n  diameter by 5 f t  2 in .  (1 .6  m) h i g h  and 
serves as the supply tank fo r  the sodium injection t e s t s .  

T-12 

2 .  Test Art ic le  

The Phase I t e s t  un i t  (Figure X-2) consists of three bundles of absorber 
pins connected in a l inear  assembly by ball-and-socket j o in t s  t h a t  allow limited 
motion (%loo) .  The assembled ar t iculated absorber f i t s  within a cy1 indrical  
guide tube (Figure X-3). I n  the withdrawn, or parked, posit ion,  the assembly i s  
held by a magnetic la tch;  the magnetic c i r c u i t  consists of an electromagnet, a 
ferromagnetic cylinder fixed t o  the end of the absorber assembly, and a special 
ferromagnetic ring (Figure X-4) fixed t o  the upper end of the guide tube. When 
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Figure X - 2 .  Phase I Test Unit 
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Figure X-4. Phase I Temperature-Sensitive 
Magnetic Alloy and Sleeve 

the magnetic c i r c u i t  i s  interrupted, the absorber assembly i s  dropped in the 
guide tube of 48-in. (121.9-cm) nominal length. 
absorber assembly i s  stopped by a piston-dashpot assembly mounted in the lower 
end of the guide tube. 
tromagnet i s  lowered into the guide tube until  i t  contacts the t o p  of the absorber 
assembly. The electromagnet i s  then driven onto  the absorber assembly with a 
predetermined force.  The absorber assembly is  latched t o  the electromagnet by a 
magnetic c i r c u i t  t h a t  includes the same elements as latched i n  the parked position 
except t h a t  the guide tube, which i s  2-1/4 Cr - 1 Mo s t e e l ,  subst i tutes  for  the 
special ferromagnetic material fixed in the upper end of the guide tube. The 
assembly i s  raised unt i l  the parked position i s  reached. 

The f ree  f a l l  of the ar t iculated 

To withdraw the ar t iculated absorber assembly, the elec- 

The special ferromagnetic material fixed t o  the upper end of the guide tube 
has a Curie point of %1O5O0F (565.5'C), a t  w h i c h  the material becomes paramagnetic. 
Therefore, the absorber assembly can be released e i ther  by deenergizing the elec- 
tromagnet or by raising the temperature of the special material t o  the 105OoF 

(565.5OC) l imi t .  

n 
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Instrumentation i s  provided t o  measure sodium immersion temperature, sodium 
@low, argon flow, posit ions,  argon pressure, load c e l l ,  current,  voltage, argon 

and sodium vapor  temperatures, and  argon d i f fe ren t ia l  pressure. 

Phase I internal sodium temperature i s  measured by ten immersion temperature 
elements, s ix  of which are  instal led i n  the temperature-sensitive magnetic alloy. 
The other four temperature elements are instal led upstream of the temperature- 
sensi t ive magnetic (TSEM) alloy with one in the injection l ine  and three in the 

tes t  a r t i c l e  housing t o  measure sodium injection temperatures. 

Phase I sodium flow i s  measured by two flowmeters, one in the injection l i ne  
and one i n  the t e s t  a r t i c l e  i n l e t  l ine .  

SASS-ACA release i s  indicated by the load c e l l ,  electromagnet current ,  a n d  

position indicator rod and cable attached t o  the upper bundle of the t e s t  uni t .  
Position d u r i n g  drop i s  monitored by the position indicator rod and four radia- 
t ion detectors .  
radiation detector ,  and position indicator rod .  
optional i ns trumenta t i  on.  

SASS-ACA insertion i s  indicated by the load c e l l ,  accelerometer, 
The radiation detectors are 

3. Test Method 

The tes ts  are being performed in two phases: Phase I - s t r a igh t  guide 
tube - and Phase I1 - redesigned electromagnet, l i f t i n g  socket, TSEM a l loy ,  t e s t  
f a c i l i t y ,  and bowed guide tube. In Phase I ,  i n i t i a l  t e s t s  determined the thermal 
time cons tan t  of the temperature-sensitive magnetic a l loy ,  the absorber drop 
time, and absorber withdrawal load. The effects  of a 6-month dwell upon inherent 
release and d r o p  time were also determined. 
determined in the Phase I t e s t s  will be determined for  the redesigned t e s t  
a r t i c l e s .  
withdrawal load will  be determined also in Phase 11. 

I n  Phase 11, the charac te r i s t ics  

The e f f ec t  of two increasing bows in the guide tube upon d rop  time and 
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Once t h e  Phase 

t e s t  l oop ,  c h r a c t e r  

I1  c o n t r o l  assemb 

z a t i o n  t e s t s  w i l l  
y and d r i v e  l i n e  has been i n s t a l l e d  

be per formed t o  do the  f o l l o w i n g :  

Measure c o i l  r e s i s t a n c e  and l e a d  r e s i s t a n c e  t o  ground. 

n t h  

Measure t h e  we igh t  o f  absorber  and magnitude o f  drag f o r c e s  w i t h  

t h e  l o a d  c e l l  by r a i s i n g  the  absorber  %6 i n .  w i t h o u t  sodium i n  t h e  

sys tem. 

P r i o r  t o  sodium f i l l  and a t  4OO0F (204.4OC), measure c o i l  c u r r e n t  

decay t i m e  when t h e  c u r r e n t  i s  sw i tched o f f .  

shou ld  be pre loaded on t h e  absorber  ( i n  the  down p o s i t i o n ) .  

The d r i v e  l i n e  

the  l oop .  

a t  zero f l o w  and 85OoF 

Repeat w i t h  4OO0F (204.4OC) sodium i n  

Per form a f u l l  w i thd rawa l  w i t h  sod i  um 

Wi th  t h e  sodium a t  85OoF (454.4OC), w 
(454.4OC). 

thdraw t h e  c o n t r o l  assembly 

t o  t h e  parked p o s i t i o n  and determine t h e  r e l e a s e  c u r r e n t  o f  t he  
sys tem. 

Per fo rm c u r r e n t  c h a r a c t e r i z a t i o n  and demagnet iza t ion  t e s t s  a t  

850°F (454.4OC). 

Upon comp le t i on  of  t h e  p r e t e s t  c h a r a c t e r i z a t i o n  t e s t s ,  t h e  Phase I1  t e s t s  

w i l l  be per formed and w i l l  i n c l u d e  t h e  f o l l o w i n g :  

I n h e r e n t  Release - Inc rease  temperature o f  t empera tu re -sens i t i ve  

a l l o y  th rough  105OoF (565.5OC) t o  determine i n s e r t i o n  t ime and 

tempera ture / t ime f o r  assembly r e l e a s e  w h i l e  v a r y i n g  c o n t r o l  assem- 

b l y  f l o w ,  i n j e c t i o n  f l o w ,  c o n t r o l  assembly p o s i t i o n ,  and e l e c t r o -  

magnet h o l d i n g  f o r c e .  

Drop Time and Withdrawal Loads - Measure drop  t ime  a f t e r  i n t e r r u p -  

t i n g  power t o  magnet a t  0, 25, 50, 75, and 100% o f  sodium f l o w s .  

Contro l -assembly wi thdrawa loads  w i l l  be measured a t  each f l o w .  

Bow t h e  gu ide  tube 0.5 i n .  (1.27 cm) and repea t  the  t e s t s  d e f i n e d  

i n  Step 2. 
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4 )  Dwel l  T e s t  - M a i n t a i n  the  assembly i n  t h e  wi thdrawn p o s i t i o n  a t  

850°F (454.4OC) i n  f l o w i n g  o r  s tagnan t  sodium f o r  6 months. 

Sodium f l o w  p e r i o d s  w i l l  be t h e  maximum p o s s i b l e  d u r i n g  t h i s  t e s t .  

Post-Dwel l  Tests  - Repeat t h e  I n h e r e n t  Release T e s t  (Step 1) and 

Drop Time and Withdrawal Load Tes t  (Step 2 ) .  

Q 
5 )  

6 )  Bow t h e  gu ide  tube 0.75 n .  (1 .91  cm) and r e p e a t  t h e  t e s t s  d e f i n e d  

i n  Step 2. 

C.  TEST RESULTS 

Dur ing  t h e  b u l k  o f  t h e  yea r ,  e f f o r t  was concen t ra ted  on f a c i l i t y  and t e s t  

a r t i c l e  m o d i f i c a t i o n s  f o r  Phase I 1  t e s t i n g .  

p resen ted  i n  F i g u r e  X-5. 

An overv iew schedule f o r  t h e  y e a r  i s  

The t e s t  a r t i c l e  assembly was c leaned w i t h  wa te r  a t  t h e  

1981 
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0 
c l e a n i n g  f a c i l i t y  (CHCF) i n  December 1980 and purged w i t h  n i t r o g e n  f rom 

December 12-15, 1980. A f t e r  comp le t i on  of n i t r o g e n  d r y i n g ,  the  assembly was 

t r a n s p o r t e d  t o  t h e  machine shop on December 15, 1980, f o r  Phase I 1  m o d i f i c a t i o n s .  

The SASS-ACA (absorber )  was c leaned and s t o r e d  pending WARD m o d i f i c a t i o n  f o r  

Phase I 1  t e s t i n g .  

I 

The WARD Phase I 1  TSEM was r e c e i v e d  a t  ETEC on January 27, 1981. Dimensional 
checks o f  t h e  TSEM and mat ing  p a r t s  f o r  t e s t  a r t i c l e  assembly i n d i c a t e d  t h a t  t he  

TSEM dimensions were o u t  o f  t o l e r a n c e  ( p e r  WARD drawing)  and would n o t  p e r m i t  

assembly. The TSEM was r e t u r n e d  t o  WARD f o r  rework. 

I 

The reworked TSEM p i e c e  was measured, and t h e  measurements showed t h a t  t he  

TSEM was o u t  of round by 0.012 i n .  on t h e  i n t e r n a l  d iameter  ( I D ) .  

t h a t  ETEC make t h e  TSEM i n t e r n a l  d iameter  round by p r e s s i n g  on the  TSEM f l a t s .  
T o o l i n g  was f a b r i c a t e d ,  and t h e  TSEM was c o r r e c t e d  t o  a nominal 5.7982-in. I D  

w i t h  a maximum ou t -o f - round  c o n d i t i o n  of  0.0008 i n .  on the  I D .  

WARD reques ted  

TSEM f i t u p  and i n s t a l l a t i o n  on t h e  lower  gu ide  tube o f  t h e  t e s t  a r t i c l e  

assembly was completed on March 25, 1981, except  f o r  we ld ing  t h e  s i x  a d d i t i o n a l  

p i n s  i n  p lace .  Dur ing  t h i s  f i t u p  process, i t  was observed t h a t  t he  i n t e r n a l  

d iameters  o f  t h e  l ower  gu ide  tube, t he  i n s e r t ,  and t h e  upper gu ide  tube were n o t  

matched, a l t hough  t h e  p a r t s  were w i t h i n  drawing to le rances .  Dur ing  Phase I t e s t -  

i ng ,  t h e  d rag  l o a d  of t h e  SASS-ACA inc reased cons ide rab ly  due t o  v a r i a t i o n  o f  t h e  
i n t e r n a l  d iameters  a t  t h i s  same p o s i t i o n .  

m i t  match ing o f  t h e  i n t e r n a l  d iameters  pe r  agreement w i t h  WARD t o  p r e v e n t  a 

r e p e t i t i o n  o f  t h i s  i nc reased  drag  l o a d  d u r i n g  Phase I 1  t e s t i n g .  

were welded and t h e  i n t e r n a l  d iameters  matched. 

Changes t o  drawings were made t o  p e r -  

The TSEM p i n s  

Radiography o f  t h e  dashpot /bot tom head assembly i n d i c a t e d  t h a t  t he  c e n t e r  

r i n g  and two 120' spacers were p o s i t i o n e d  i n c o r r e c t l y .  

assembly was c u t  and t h e  dashpot /bot tom head removed f rom t h e  t e s t  a r t i c l e  assem- 

The dashpot /bot tom head 

b l y .  The dashpot  assembly was removed from t h e  bot tom head and examined. 

dashpot  assembly c e n t e r  r i n g  and spacers were i n s t a l l e d  and tack  welded i n  p l a c e  

and t h e  spacers t a c k  welded t o  t h e  dashpot l i n e r .  

The 

A new s p r i n g  ( f r e e  l e n g t h  
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25-1/32 i n .  (63.58 cm)) was i n s t a l l e d .  

t h e  we ld  was acceptab le .  

The dashpot /bot tom head was welded on t h e  

@est a r t i c l e  assembly on A p r i l  21-22, 1981. Radiography o f  t h i s  weld showed t h a t  

T e s t  a r t i c l e  i n s t a l l a t i o n  commenced i n  mid-May, and i n  mid-June, w h i l e  

i n s t a l l i n g  t h e  upper housing and l o w e r i n g  t h e  d r i v e  l i n e ,  some o f  t h e  b a l l  screw 

bear ings  and r e t a i n e r  c l i p s  f e l l  t o  t h e  bot tom o f  t he  upper housing.  The compo- 

n e n t  was r e p a i r e d  and reassembly completed i n  l a t e  June. 

t e s t  a r t i c l e  was completed by t h e  end of September. 

I n s t a l l a t i o n  o f  t h e  

The ambient d r y  l i f t  was per formed September 30, f o l l o w e d  by t h e  c u r r e n t  

decay t e s t ,  p reheat ,  sodium f i l l ,  sodium c lean ing ,  and another  c u r r e n t  decay 

t e s t .  A l l  t e s t  d a t a  were w i t h i n  t o l e r a n c e  requ i rements .  T y p i c a l  da ta  f o r  t h e  

ambient  d r y  l i f t  t e s t  and t h e  c u r r e n t  decay t e s t  a r e  p resented  i n  F igu res  X-6, 

X-7, and X-8. 

I n j e c t i o n  t e s t s  were then per formed t o  v e r i f y  t h a t  t h e  i n j e c t i o n  system was 

capab le  o f  d e l i v e r i n g  t h e  f l o w  r a t e s  r e q u i r e d  t o  per fo rm the  t e s t  t r a n s i e n t s .  

E v a l u a t i o n  o f  t h e  da ta  r e v e a l e d  t h a t  t he  system r e s i s t a n c e  was h i g h e r  than 

expected. To c o r r e c t  t h i s  problem, an o r i f i c e  i n  t h e  i n j e c t i o n  supp ly  l i n e  was 

removed, and h i g h e r  supp ly  p ressures  were used t o  o b t a i n  the  f l o w  r a t e s .  A 

procedure was a l s o  developed f o r  s e t t i n g  t h e  f l o w  ba lanc ing  v a l v e s .  A d d i t i o n a l  
hea te r  c o n t r o l l e r s  were a l s o  i n s t a l l e d  t o  p r o v i d e  b e t t e r  temperature c o n t r o l  of 
the inject ion stream. 

The Phase I1  t e s t  program con t inued  i n  December w i t h  performance o f  t h e  drag 

f o r c e  t e s t  t o  c h a r a c t e r i z e  f l u i d  r e s i s t a n c e  on t h e  absorber  and o f  a r e l e a s e  

c u r r e n t  t e s t  t o  check t h e  e lec t romagnet  c o i l  h o l d i n g  c a p a b i l i t y .  

r e l e a s e  t e s t s  shou ld  commence i n  January 1982. 

i n  MaylJune 1982 f o r  tube bowing opera t i ons .  

d u c t  i s  scheduled t o  s t a r t  J u l y  28, 1982. 

The i n h e r e n t  

The t e s t i n g  shou ld  be i n t e r r u p t e d  

The 6-month d w e l l  t e s t  w i t h  bowed 
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XI. STRAIN GAGES 

G .  J .  TWA A N D  C .  M .  NIGHTINGALE 

A .  INTRODUCTION 

The s t r a in  gage program f u l f i l l s  three major functions: (1) general tes t ing 
of d i f fe ren t  types of s t r a in  gages fo r  use a t  E T E C ,  ( 2 )  development and  evalua- 
t ion of i n s t a l l a t ion  techniques in support  of E T E C  t e s t  programs, and ( 3 )  improve- 
ment in understanding s t r a in  gage d a t a  obtained by the various t e s t  programs. 
Testing in support of a l l  three of these functions has been performed d u r i n g  this 
cal endar year. 

Four CERL-Planer capacitance gages were tested t o  determine t h e i r  usefulness 
in future steam generator t e s t  applications.  
t ion techniques for  the ORNL Thermal Ratchetting Test ended ear ly  i n  the year 
when the gages fa i led  a f t e r  4000 h a t  900°F. 

Evaluation of Hitec gage in s t a l l a -  

The major po r t ion  of the work involved attempts t o  precalibrate Ailtech 
resistance gages in support of the B&W steam generator t e s t s  a t  E T E C .  

methods employed were: 
The three 

(1) b o n d i n g ,  ( 2 )  edge-welding, a n d  (3)  clamping. 

B .  A I L T E C H  SG425 P R E C A L I B R A T I O N  TECHNIQUES 

Attempts were made t o  precal ibrate  e ight  Ailtech Model SG425 res i s tance  

s t r a i n  gages, employing the following techniques: 

2 

Bonding - A thin film (0.001-in., 0.025-mm) of Yicro-measurements 
M-Bond G A 6 1  epoxy was used t o  i n s t a l l  the gages on cal ibrat ion bars 
made of 2-1/4 Cr - 1 Mo s t e e l .  Load cycles were performed a t  80, 
200, 300, and  4OO0F,  followed by a slow cooldown t o  room temperature. 
Edge-Welding -Attachment welds were Placed in a s ingle  row along 
the edge of the flange, as shown in Figure XI-1, leaving room fo r  
the normal faci  1 i ty instal  1 a t ion .  Several sequences of 1 oad cycles 
a t  80, 300, 600, and  900°F followed by slow cooldowns were performed. 
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Figure XI-1. Ail tech SG425 Edge-Welding Technique 

3) Clamping - A very successful method fo r  determining apparent 
s t r a in  i nvol ved cl ampi 
shown in Figure XI-2. 
sl ow-cool ed from 900°F 
temperature cycled aga 

g the gage i n  a s ta in less  s tee l  f i x tu re  
No load cycles were performed. Gages were 
t o  room temperature, then tube-welded and 
n .  

Figure XI-2. Stainless  Steel Apparent S t r a i n  
Precal i b r a t i o n  Fixture 

4 )  Tube-Welding - Data obtained using the typical f a c i l i t y  i n s t a l l a -  
t ion technique served as a reference for  the three precalibration 
methods described above. 
t o  the s t r a i n  tube a t  in tervals  o f  ‘Lo.030 in .  (0.762 m m ) .  
tes t ing sequence was s imilar  t o  t h a t  performed for the edge-welded 
gages. 

Welds were placed as close as possible 
The 

Q 
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I n  Figure XI-3, the gage factors  for a l l  of the gages tested were averaged, 
nd the percent change from the manufacturer's room-temperature value ( 4 . 8 9 )  was 
lot ted against temperature. The gage factor  i s  a dimensionless quantity related 

t o  the change i n  gage resistance per change i n  applied s t r a i n .  
Table XI-1, neither the manufacturer's d a t a  nor the edge-welded t e s t s  alone could 
sa t i s f ac to r i ly  predict  the gage factors  seen when the gages were tube-welded. 
The maximum er ror  based on Ail tech 's  predicted values was almost l o % ,  while use 
of the edge-welded d a t a  t o  predict  gage factor  exceeded 8%. 
an epoxy-bond cal ibrat ion a t  room temperature a n d  the manufacturer's d a t a  for  
change i n  gage factor  w i t h  temperature, errors  of l ess  than  4% were obtained fo r  
temperatures u p  t o  900 '~ .  

As seen i n  

However, by using 

TABLE XI-1 
P E R C E N T  DIFFERENCES BETWEEN P R E D I C T E D  AND O B S E R V E D  GAGE FACTORS 

Strain 
Gage 

(S /N)  

4078-1 
4078-3b 
4078-4 
4078-5 
4078-6 
4078-7 
4078-8 
4078-9' 

Bonded + Ailtech 

Error 

0 . 1 1  
0 . 1 3  
0 .17  
0 . 1 3  
0 .12  
0 .07  
0 .07  

%a 

2.36 
3.12 
3 .35  
2.91 
2 .80  
1 .49  
1 . 5 3  

Ai 1 tech Alone 

Error 

0 .24  
0.25 
0 .17  
0 .43  
0 .13  
0 .10  
0 . 3 2  
0 .35  

% 

6.12 
5.99 
3 .35  
9 . 6 3  
3 .03  
2.31 
7.31 
8 . 6 1  

Edge-We1 ded 
Alone 

Error 

0 . 1 8  
0 .24  
0 . 2 3  
0 .14  
0 .18  
0 .19  
0 .15  
0 . 3 5  

% 

3.87 
5 .75  
4 .53  
3 . 3 8  
3 . 8 1  
4 .04  
3.28 
8 . 6 1  

aPercent o f  tube-welded gage factor  a t  the temperature of  maximum e r ro r .  
bGage 4078-2 f a i l ed  following epoxy-bonding t e s t .  
'Gage 4078-9 replaced Gage 4078-2 and was n o t  tested i n  the epoxy-bonded 
confi gura t i  o n .  

Neither Method 1 nor Method 2 was adequate i n  predicting the tube-welded 
apparent s t r a i n .  However, the clamping f ix tu re  produced curves t h a t ,  when zero 
corrected a t  ambient temperature, differed by no more t h a n  10 j l ~  from curves o f  
tube-welded gages a t  80OoF. One s e t  of apparent s t r a in  curves i s  shown i n  F i g -  
ure XI-4, n o t  corrected t o  zero a t  room temperature. A second Ailtech SG425 gage - 
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was tes ted  w i t h  an  e r ro r  a t  8OO0F of l e s s  than 50 VE. A t e s t  program i n v o l v i n g  
f i x tu re  made of 2-1 /4  Cr - 1 Mo s teel  was in i t i a t ed  a t  the end of  the year. 

The tube-welded gages were then baked a t  900°F and had completed 5525 h a t  
the end of the year.  
summarizes the s t a b i l i t y  t e s t  d a t a .  

Four of the gages are  shown i n  Figure XI-5. Table XI-2 

Figure XI-5. Ailtech SG425 Gages a f t e r  5500 Hours a t  900°F 

T A B L E  XI-2 
AILTECH SG425 900°F STABILITY TEST DATA 

Gage 

4078-1 
4078- 3' 
4078-4 

4078-5 
4078-6 
4078-7 
4078-8 
4078-9' 

Status 

b Operable 
Failed a t  0 h 
F a i l e d  a t  1103 h 

Operable 
Failed a t  2974 h 
F a i l e d  a t  2974 h 
Operable 
Failed a t  1103 h 

Total 
Drif t  
( L 4  

+170 
- 

+98d 

+161 
+140 

+50 
t165 

+1151 

Sens i t i  v i  ty  a 
( %  change 

from original ) 

-4.88 
- 

d +2.38 

0.00 
0.00 
0.00 

-4.88 
+2.50 

aSensi t ivi ty  = mV/p& from f i r s t -order  curve f i t .  
bAn "Operable" gage s t i  11 responds to load-cycl i ng . 
'Gage 4078-9 replaced Gage 4078-2, which fa i led  following the 

d"Total Drif t"  and " %  Change in Sensi t ivi ty"  r e f l ec t  values a t  
bond t e s t .  

time o f  f a i lu re .  
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C . AILTECH MG425 PRECALIBRATION TECHNIQUES 

63 
A d u p l i c a t e  o f  t h e  t e s t  desc r ibed  i n  Sec t i on  B was per formed f o r  e i g h t  A i l -  

t e c h  Model MG425 gages. 

ferences between t h e  two programs were: 

A t y p i c a l  gage i s  shown i n  F i g u r e  XI-6, The o n l y  d i f -  

1) A double row of  spo t  welds was made a long t h e  edge o f  t h e  f l a n g e  

i n  an a t tempt  t o  improve t h e  s t r a i n  t r a n s f e r  o f  t h e  edge-weld 

techn ique.  

p o s s i b l y  because l e s s  o f  t h e  f l a n g e  remained f o r  success fu l  

tube-we1 d i  ng . 
No t e s t s  had been per formed i n  t h e  c lamping f i x t u r e s  a t  t he  end o f  
t h e  y e a r .  

Ins tead,  t h e  m o r t a l i t y  r a t e  o f  t h e  gages inc reased,  

2 )  

. 

On 

mar i  zes 

f a c t o r s  

F 

y p r e l i m  

the  gage 

from a l l  

igure  XI-6. 

nary  ana lys  

f a c t o r  da ta  

e i g h t  MG425 

A i  1 t e c h  MG425 Res i stance S t r a i  n Gage 

s o f  t h e  da ta  has been per formed.  F i g u r e  XI-7 sum- 

f r o m  l o a d - c y c l i n g  a t  temperatures up t o  900°F. Gage 

gages were averaged and p l o t t e d  a g a i n s t  temperature.  

Severa l  obse rva t i ons  a r e  l i s t e d  below: 

1) The s l o p e  o f  t h e  curve  of bonded gage f a c t o r  vs temperature approx- 
imates t h e  s lope  p r e d i c t e d  by  A i l t e c h .  
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Figure XI-7.  Ailtech MG425 Average Gage Factors 
from Three Ins ta l la t ion  Techniques 

2 )  The edge-welded d a t a  are shif ted negatively from the tube-welded 
gage f a c t o r s .  The d i f f e r e n c e  shown i n  t h e  average gage f a c t o r s  

a t  room temperature i s  -30% of the tube-welded value. 
Both the edge-welded a n d  tube-welded d a t a  show very l i t t l e  change 
in gage factor  with temperature. 
The average gage f a c t o r  from the room-temperature load cycling o f  
the bonded gages i s  shif ted ~ 1 3 %  above t h a t  o f  the tube-welded 
gages. 
The apparent s t r a i n  curves from the three methods ( b o n d i n g ,  edge- 
we1 d i n g ,  and tube-we1 d i  ng)  were very d i f fe ren t .  

3) 

4) 

5 )  

ETEC-82- 1 
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Q 
D. CERL-PLANER CAPACITANCE GAGE 

Four  CERL-Planer Model C4 capacitance s t r a in  gages were tested th i s  year. 
Figure XI-8 i l l u s t r a t e s  the basic working principles of the gage. Two s ta in less  
s teel  ribbons of differ ing lengths are welded t o  the specimen a t  Points A and  B. 
A change in the distance between A and B produces a change in the distance 
between capacitor plates attached t o  the ribbons. The resul t ing change in gage 
capacitance i s  measured and can be related t o  s t r a in  by a third-order function. 

ELECTRODE MOVEMENT 

Te 

STRAIN 
80-M25-40-20 

Figure XI-8. Diagram of CERL-Planer 
Capaci tance Strai  n Gage 

ting was completed i n  two phases: 

1) The gages were clamped in the Hitec-made f ix tu re  shown i n  Fig- 
ure XI-9 and calibrated a t  room temperature. 
the cal ibrat ion curve f o r  Gage 4214 over the range -5000 t o  +5000 

microstrain (the f u l l  range of the gage), The manufacturer's d a t a  
are also shown.  
The gages were spot-welded t o  2-1/4 Cr - 1 Mo s teel  bars a n d  load- 
and temperature-cycled a t  temperatures as h i g h  as  1200°F. Early 
in the t e s t  sequence, one end o f  Gage 4211 came loose from the bar  
due t o  severe oxidation of the 2-1/4 Cr - 1 Mo s t e e l .  All gages 
displayed a b r u p t  changes i n  o u t p u t  as the bars were being heated 
and cooled. D u r i n g  the second ser ies  of load cycles ( a t  tempera- 
tures of 80, 400, 800, and 1200°F), Gages 4213 a n d  4214 became 
even more e r r a t i c  and a t  1200°F f a i l ed  t o  respond t o  load. 
i n g  cool down , the gages were inspected; however, no problems coul d 

Figure XI-10 contains 

2 )  

Follow- 

ETEC-82-1 
XI -8 

8 



ETEC-P34630 

Figure XI-9.  Hi t e c  Room-Temperature 
S t r a i n  Cal ibra t ing  F ix ture  
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were heavily oxidized, as can be seen in Figure XI-11. The Testing 
be found  in the attachment welds or i n  the lead wires. 

the remaining gage was discontinued. 

E .  ORNL STABILITY TEST 

A t e s t  involving two Hitec 1 - i n .  capacitance gages ins ta l led  using the 
method employed for the ORNL Thermal Ratchetting Test was i n  progress a t  the 
beginning of the year. 
which time sudden unexplained zero s h i f t s  were observed. 
not expected t o  exceed 4000 h ,  the s t a b i l i t y  t e s t  was terminated. 

During January, two gages completed 4000 h a t  llOO°F, a t  
Since the ORNL t e s t  was 

ET EGP64254 

Figure XI-11. Croloy Calibration Bar with CERL-Planer Gage 
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XII. TRANSITION JOINT L I F E  TEST PROGRAM 

R .  C .  SOUCY 

A .  INTRODUCTION 

Three identical  t e s t  a r t i c l e s  were used in the Transition Joint  Test Program. 
Each t e s t  a r t i c l e  i s  a pipe section 79 in .  (200 cm) long, 18 in .  (457 m m )  in o u t -  
side diameter, and with a 1-in.  (25.4-mm) wall thickness, made from a combination 
of 2-1/4 Cr - 1 Mo, Alloy 800H, and 316H SS pipe subsections joined by circumfer- 
en t ia l  welds. 
Breeder Reactor Plant ( C R B R P )  intermediate heat t ransfer  system t rans i t ion  j o i n t s .  

These t e s t  a r t i c l e s  represent ful l -s ized prototype Clinch River 

Each t e s t  a r t i c l e  was equipped w i t h  clamshell ovens and  hydraulic actuators 
mounted between load rings t o  provide for the application of constant axial load 
and high-temperature isothermal hold periods. 
f i t t e d  w i t h  i n l e t  and  ou t l e t  flanged connections t o  allow the in-flow a n d  exhaust 
of nitrogen gas t o  provide rapid downtransient conditions. 

The t ransient  t e s t  a r t i c l e s  were 

Instrumentation was ins ta l led  on the t e s t  a r t i c l e s  t o  measure applied loads, 
temperatures, and  strains t o  record the e f fec ts  of thermal shock and external 
mechanical 1 oads on the t r i  -metal 1 i c we1 d seams. 

Three t e s t  a r t i c l e s  were provided t o  allow the performance of three t ransient  
t e s t  s e r i e s  and one isothermal t e s t  ser ies .  These tes ts  s imula ted  l o a d i n g  and 

thermal cycling conditions required for  C R B R P  operation accelerated t o  induce 
f a i lu re  a t  the t r i -meta l l ic  weld seams within an expected 1-year period. 

Transient Test Article 1 (TRTA-1) and the isothermal t e s t  a r t i c l e  (ISOTA) 
were tested to completion l a s t  year and covered in a previous report .  

This report deals with the performance and resu l t s  o f  the t e s t  se r ies  com- 
pleted for  Transient Test Art ic le  2 (TRTA-2) and Transient Test Art ic le  3 (TRTA-3). 
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Test resu l t s  will be used t o  determine the mode o f  f a i lu re  i n  the t e s t  a r t i -  

c l e ,  evaluate the e f fec ts  o f  accumulative creep and thermal fa t igue,  and evalua @ 
the service l i f e  of the t r i -meta l l ic  j o i n t  as  compared t o  the bi-metallic design. 

B. TEST DESCRIPTION 

1. Test Faci l i ty  

The Thermal Transient Fac i l i ty  (TTF)  provides a single-pass gas  flowdown 
system designed t o  supply a preprogrammed flow of nitrogen g a s ,  a t  essent ia l ly  
constant pressure and temperature through a thermal ly  preconditioned t e s t  a r t i c l e .  
Thermal t ransients  are simulated by flowing nitrogen gas from high-pressure gas 
storage,  t h r o u g h  flow control valves, p a s t  the t e s t  a r t i c l e ,  through back-pressure 
control valves, a n d  o u t  of the exhaust stack t o  the atmosphere. 
f a c i l i t y  i s  designed t o  hold the selected t e s t  a r t i c l e  in a f i x tu re  capable o f  
imposing prescribed mechanical loads on specif ic  portions o f  the t e s t  a r t i c l e ,  
thus simultaneously subjecting the test  a r t i c l e  t o  expected plant mechanical and 
thermal t ransient  s t resses .  The system flow diagram i s  shown in Figure XII-1. 

In  addition, the 

Capability t o  perform b o t h  upramp and downramp t ransients  i s  provided, For 
downramp tes t ing ,  ambient-temperature gas is  discharged t h r o u g h  a heated t e s t  
a r t i c l e  to cool i t  a t  a precalculated r a t e .  
from ambient t o  any temperature up t o  1200°F (649OC) and held within 25OF (13.9OC) 
of the selected temperature. Components can be tested up  t o  and including f a i lu re  
by subjecting the t e s t  a r t i c l e  t o  repe t i t ive  t ransients  a t  design conditions or in 
excess of design conditions . 

The t e s t  a r t i c l e  can be preheated 

Control of the t e s t  i s  en t i re ly  by d ig i ta l  computer, Transient ra tes  are  
d i rec t ly  control led by temperature feedback from thermocouples located on the 
t e s t  a r t i c l e .  
time-varying nitrogen flow ra te  determined by a polynomial equation of flow vs 
time generated by the computer. 

A1 ternat ively,  the t ransient  can be controlled by a preprogrammed 

A similar equation can be generated fo r  system 

n 
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It co@ 
pressu re  c o n t r o l .  

pares measured temperature o r  f low t o  t h e  demand va lues  and sends s i g n a l s  t o  t h e  

servo  v a l v e  c o n t r o l l e r s  t o  b r i n g  t h e  two va lues  toge the r .  The c o n t r o l  s i g n a l  i s  

updated 50 t imes p e r  second. 

A l l  da ta  d u r i n g  a t e s t  a re  processed b y  t h e  computer. 

I n s t r u m e n t a t i o n  t o  measure pressure ,  f l o w ,  temperature,  and s t r a i n  f o r  

f a c i l i t y  equipment and p i p i n g  i s  p rov ided .  The t e s t  area i s  equipped w i t h  

suppor t  f i x t u r e  and f l o o r  s t r u c t u r e  p r o v i d i n g  r e a c t i o n  p o i n t s  for a p p l y i n g  

mechanical l oads .  

c o n s t a n t  loads  can be imposed on t h e  t e s t  a r t i c l e .  

H y d r a u l i c  f l u i d  o r  h igh-pressure  gas i s  a v a i l a b l e  so t h a t  

the  

The f a c i l i t y  i s  l o c a t e d  a t  t h e  Energy Technology Eng ineer ing  Center  (ETEC) 

i n  t h e  Santa Susana Mountains o f  Southern C a l i f o r n i a .  

was mod i f i ed  t o  house t h e  t e s t  s t a t i o n s  and t h e  gas process system. 

and s u p p o r t i n g  f a c i l i t i e s  such as power, water ,  and n a t u r a l  gas a r e  a v a i l a b l e  a t  

t h e  s i t e .  A s p e c i a l  h igh-pressure  gas supp ly  system i s  p r o v i d e d  t o  a l l o w  t i e - i n  
t o  t h e  Santa Susana 5000-psig n i t r o g e n  d i s t r i b u t i o n  system. 

An e x i s t i n g  b u i l d i n g  (013) 

U t i l i t i e s  

2. Tes t  A r t i c l e  

Two i d e n t i c a l  t e s t  a r t i c l e s  were p r o v i d e d  t o  a l l o w  t h e  performance o f  two 

t r a n s i e n t  t e s t  s e r i e s .  

Each t e s t  a r t i c l e  i s  a p i p e  s e c t i o n  79 i n .  (200 cm) l ong ,  18 i n .  (457 mm) i n  

o u t s i d e  d iameter ,  and w i t h  a l - i n .  (25.4-mm) w a l l  t h i ckness ,  made f rom a combina- 

t i o n  o f  2-1/4 C r  - 1 Mo, A l l o y  800H, and 316H SS p i p e  subsec t ions  j o i n e d  by  c i r -  

c u m f e r e n t i a l  welds.  The e n t i r e  assembly c o n s i s t s  of s i x  meta l  subsec t i ons ,  

i n c l u d i n g  t h e  t r i - m e t a l l i c  j o i n t ,  t h e  b i - m e t a l l i c  j o i n t ,  ex tens ion  p ieces  r e q u i r e d  

f o r  t e s t  a r t i c l e  suppor t ,  and n i t r o g e n  connect  ons as shown by  t h e  schematic i n  

F i g u r e  XII-2. 
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432 mm 

ALLOY 800H, / r 508 mm (20 in.) LONG 

2-1 14 Cr - 1 Mo, 305 mm 
(12 in.) LONG 

ALLOY 800H, 305 mm 
(12 in.)  LONG 

rTYPE 316H SS, 152 
(6 in.) LONG 

ri tr 

TRI-METALLIC 
WELD I - B I -  M ETA L L  I C 

WELD 

SS PIPE 

I 
4-, 200 cm (79 in.) 

ORIGINAL TEST 
ARTICLE 

ETEC-22354A 

Figure XII-2.  Test Article Schematic 
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8 The t e s t  a r t i c l e  was designed t o  s imu l taneous ly  t e s t  seve ra l  d i s s i m i l a r  

metal welds. The dissimilar metal combinations in the test a r t i c l e  are the same 
as those i n  t h e  re fe rence des ign  f o r  t h e  CRBR t r a n s i t i o n  j o i n t s ,  w i t h  t h e  add i -  

t i o n  o f  a we ld  of  2-1/4 C r  - 1 Mo t o  316H SS, wh ich  i s  t y p i c a l  o f  a conven t iona l  

b i - m e t a l l i c  weld. T h i s  we ld  served as a r e f e r e n c e  f rom which t o  measure t h e  

a d d i t i o n a l  1 i f e  r e s u l t i n g  f rom t h e  t r i - m e t a l 1  i c  des ign.  

Each t e s t  a r t i c l e  was f i t t e d  w i t h  b racke ts  and l o a d  r i n g s  mounted on ex ten-  

s i o n  assembl ies welded t o  each end of t h e  t e s t  a r t i c l e  p i p e  s e c t i o n s  t o  p r o v i d e  

t e s t  a r t i c l e  suppor t  and a f i x t u r e  f o r  t h e  l o c a t i o n  o f  h y d r a u l i c  a c t u a t o r s  mounted 

between t h e  l o a d  r i n g s  t o  a l l o w  f o r  t h e  a p p l i c a t i o n  o f  cons tan t  a x i a l  l o a d .  

t e s t  a r t i c l e s  were p r o v i d e d  w i t h  c l  amshell  ovens f i  t t e d  w i  t h  e l e c t r i c a l  hea te rs  

and equipped w i t h  t e m p e r a t u r e - i n d i c a t i n g  c o n t r o l l e r s  t o  a l l o w  a c o n t r o l l e d  heatup 

c a p a b i l i t y  and t h e  maintenance of h igh- tempera ture  i so the rma l  c o n d i t i o n s .  

The 

The t r a n s i e n t  t e s t  a r t i c l e s  were f i t t e d  w i t h  i n l e t  and o u t l e t  f l a n g e d  con- 

n e c t i o n s  t o  a l l o w  t h e  i n - f l o w  and exhaust  o f  n i t r o g e n  gas t o  p r o v i d e  r a p i d  down- 

t r a n s i e n t  c o n d i t i o n s .  

s e c t i o n  t o  improve n i t r o g e n  f l o w  heat  t r a n s f e r .  

A centerbody was l o c a t e d  w i t h i n  t h e  t e s t  a r t i c l e  p i p e  

The o v e r a l l  t r a n s i e n t  t e s t  a r t i c l e  assembly (TRTA-2) i s  shown i n  F i g u r e  XII-3. 
The o v e r a l l  assembly of t h e  t h i r d  t r a n s i e n t  t e s t  a r t i c l e  (TRTA-3) i s  shown i n  

F i g u r e  XII-4 .  

A f t e r  i n s t a l l a t i o n  a t  t h e  TTF, each t e s t  a r t i c l e  was ins t rumented w i t h  

i n t e r n a l  and e x t e r n a l  thermocouples. A t y p i c a l  t e s t  a r t i c l e  c o n f i g u r a t i o n  i s  

shown i n  F i g u r e  XII-5,  a long w i t h  the  l o c a t i o n  o f  i n t e r n a l  thermocouples f o r  bo th  

t e s t  a r t i c l e s .  

Nine i n t e r n a l  thermocouples, brazed and percuss ion-welded,  were i n s t a l l e d  on 

TRTA-2, where t h r e e  were l o c a t e d  between each o f  t h e  f i r s t  f o u r  we ld  seams. 

Twenty- four  e x t e r n a l  thermocouples, mounted w i t h  mar imet  b locks ,  were i n s t a l l e d  

on the  t e s t  a r t i c l e ,  s i x  l o c a t e d  ad jacen t  t o  each o f  t h e  f i r s t  f ou r  we ld  seams. 
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REMOVABLE INSULATION 
A N D  HEATER ASSEMBLY 

D BRACKET 

LOAD RING A N D  G 
STAINLESS STEEL 

42 in.- 

CENTER BODY 

INSULATION (TYP) 
164C7042 SPOOL ASSEMBLY 

L O A D  ACTUATOR 
(TYPICAL FOR 4) 

I 
LOAD RING A N D  GUSSETS 
CARBON STEEL 

ETEC-22355 

Figure XII-3. Thermal Transient Test Art ic le  Assembly - Test Articles 1 and 2 

LOAD BRACKET 

REMOVABLE I NSU LAT l  ON 
A N D  HEATER ASSEMBLY 

I 

LOAD 
STAIN 

4 I 191 In. 

RING A N n  C I I S S F T S  / 
157 in. - I 

, . . . . - . . . . - - - - - - . - 
LESS STEEL \I -/- 

\ k-36 i n . j u - 7 9  in. TEST ARTICLE- / -' ,-42 in.- 

LOAD ACTUATOR 
(TYPICAL FOR 4 )  

I 
LOAD RING A N D  GUSSETS 
CARBON STEEL 

ETEC-22355A 

Figure XII -4 .  Thermal Transient Test Art ic le  Assembly -Tes t  Art ic le  3* 

_______ 
*Test Article 3 was removed from the ISOTA assembly a n d  instal led in TRTA-3 
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I82 16-8-2 I82 I82 1 8 8 2  

n @TYPICAL INTERNAL 
THERMOCOUPLES 
LOCATED AT 0'. 1 20'. 
AND 240' 

ET E C-22 694 

Figure XII-5. C o n f i g u r a t i o n  and Internal Thermocouple Arrangement 
(TRTA-2 and TRTA-3) 

Sixteen additional percussion-we1 ded external thermocouples were added on 
TRTA-2 d u r i n g  March 1980 t o  supplement temperature measurements. 
adjacent t o  each o f  the nine internal thermocouples and  the others adjacent t o  
Welds 1, 3, and 4 .  

One was located 

S i x  internal and s ix  external percussi on-we1 ded thermocouples were added on 
TRTA-2 d u r i n g  January 1981 t o  measure temperature i n  base-metal Sections 1 and 5 
as  shown in Figure XII-5. 

TRTA-3 was fabricated from the isothermal t e s t  a r t i c l e  and ins ta l led  i n  the 
This t e s t  reverse position with the bi-metallic j o i n t  a t  the upstream location. 

a r t i c l e  was f i t t e d  w i t h  f i f teen  percussion-welded internal thermocouples, three 
located between each weld seam and 15 percussion-welded external thermocouples, 
one located adjacent t o  each internal thermocouple. Twenty-four external thermo- 
couples, mounted with rnarimet blocks, were ins ta l led  on the t e s t  a r t i c l e ,  s ix  
located adjacent t o  each of the f i r s t  four weld seams. 

ETEC-82-1 
XII-8 



Test Methods 

a .  Thermal Transient Test 

Figure XII-6 shows the time-temperature-load diagram f o r  the t rans ien t  t e s t  
a r t i c l e s ,  and Table XII-1 shows the axial loads, hold temperatures and times, 
thermal t rans ien t  r a t e s ,  and the tolerance of each parameter. 

Transient t e s t  a r t i c l e s  were heated from ambient t o  a l lOO°F (593OC) hold 
temperature a t  the maximum practical  r a t e ,  as shown in Table XII-1. The temper- 
ature of the a r t i c l e  was maintained a t  a nominal l l O O ° F  (593OC) f o r  each t r an -  
s i e n t  t e s t  a r t i c l e ,  with a nominal 66-h hold time per cycle. The estimated time 
per complete cycle was 72 h ( 3  days).  

thermal  t r a n s i e n t  as shown i n  F i g u r e  XII-6. 
Each uni t  was subjected t o  a three-step 

The nitrogen flow and t ransient  ra te  fo r  TRTA-2 a n d  TRTA-3 were d i rec t ly  
control led by temperature feedback from internal thermocouples located i n  the 
t r i -meta l l ic  j o i n t  Cr-Mo section. Upon reaching ambient temperature, the t e s t  
a r t i c l e  was again heated t o  the hold temperature and  the cycle repeated. The 
nominal axial load of 400,000 l b  (1.78 x 10 14) for  each a r t i c l e  was maintained 
during the hold times a n d  d u r i n g  t ransients  b u t  removed during nondestructive 
examination. I n  t h i s  case, removal of loads was performed a f t e r  the t e s t  a r t i c l e  
had reached ambient temperature. The TRTA-2 axial load was reduced t o  100,000 l b  
(0 .45 x 10 N )  f o r  Cycles 27-46. 

6 

6 

An external enclosure fabricated from f lex ib le  p l a s t i c  was ins ta l led  on 
TRTA-2, Phase 11, Cycle 12 on September 11, 1980, and  TRTA-3 Cycle 1 on October 1 7 ,  
1980, t o  provide a nitrogen cover gas atmosphere t o  prevent severe oxidation of 
the t e s t  a r t i c l e  Cr-Mo surfaces.  Belts of titanium oxygen ge t t e r  meterial were 
ins ta l led  on TRTA-2 and  TRTA-3 t o  supplement the Cr-Plo protection system. 
ing Cycle 6 ,  TRTA-3 was f i t t e d  w i t h  a new butyl rubber cover gas enclosure 
designed t o  provide a more leakt ight  system and improve the protection o f  the 
Cr-Mo surfaces.  

Follow- 

Figure XII-7 shows the butyl rubber enclosure ins ta l led  on TRTA-3. 
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TABLE XII -1  
TRANSITION JOINT LIFE TEST CONDITIONS 

Test Cond i t ion  

Hold t empera tu re  

Hold time 

Ex te rna l  1 oada 

Cyc le s / t ime  t o  f a ,  ,dre 

Cooldown r a t e  and r ange  

593-426OC 
1 100-800°F 
4 2 6 - 2 8 8 O C  
800-500°F 
288'C-ambi en t 
5 50°F-amb i en t 

d 

d 

Heatup r a t e  

F i r s t  i n t e r m e d i a t e  t empera tu re  

Second i n t e r m e d i a t e  t empera tu re  

Symbol 

Test Article 
I d e n t i  t i e s  

TRTAs 1, 2, and 3 

593OC 2 5 . 5  
llOO°F f 10 

6 6 h + l  

1 . 7 8  x lo6  N f 10 
4 x l o5  l b  2 2250 

120/7900 hC 

b 

-5.6OC/s ? 0 . 6  
-lO°F/s ? 1 
-2.2OC/s f 0 . 6  
-4OF/s If: 1 
-0. 1l0c/s m i n  
-0.2OF/s m i n  

l l Z ° C / h  ? 5 . 5  

200°F/h 2 0 

465'C 

8OO0F 

288OC 
550°F 

aMaximum load ing-un load ing  r a t e  200 kN/s (45  k i p / s )  
bMaximum bending moment s h a l l  be 5000 f t / l b  (6780 J )  
'Est i mated 
dMaximum b e n d i n g  moment s h a l l  be 7000 f t / l b  (9490 J )  
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Figure XII-7. TRTA-3 Cover Gas Enclosure 

b .  Inservice Inspection 

G E  performed periodic inservice inspections ( I S I )  on b o t h  t e s t  a r t i c l e s  t o  
detect  crack i n i t i a t i o n  and monitor crack growth by ultrasonic examinations (UT)  
and l iquid penetration examinations ( L P )  on Weld Joints  1 ,  2 ,  3,  and 4.  
any I S I ,  ETEC dismantled the t e s t  a r t i c l e  and removed obstacles t o  allow proper 
access t o  each weld j o i n t .  These inspections were performed as indicated by the 
time history shown i n  Tables XII-2 through XII-4.  

Prior t o  
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T e s t  
Procedure 

013-STP-14 

013-STP-16 

013-STP-17 

013-SPT-18 

013-STP-17 

013-STP-14 

013-STP-14 

013-STP-14 
Shutdown 
and Hold 
013-STP-14 

013-STP-17 
013-STP-18 
TP-42-PA-005 

TP-42-PA-C05 

TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 

TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 

TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-OS5 

TP-42-PA-005 

I S I -Shutdown 

TABLE XII-2 
TRTA-2 PHASE I TIME 

Cycl e 
N urn b e r 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 
18 
19 
20 

2 1  
22 

23 
24 

25 

~~ ~ 

S t a r t  Da te  

05- 17 - 7 9 

05-72-79 

05-31-79 
06-01-79 

06-07-79 

06-28-79 

08-07-79 

08-23- 79 
08-23-79 

10-12-79 

10-24-79 
10-26-79 
10- 25- 79 

10-30- 7 9 
11-02-79 
11-09-79 
11-13-79 
11-16-79 
11-27-79 
11-30-79 
12-03-79 
12-06-79 
12-09-79 

12-12-79 

12-15-79 
12-18-79 

01-02-80 
01-05-80 
0 1 - 08- 8 0  
01- 11-80 
01- 14-80 
01-17-80 
01-20-80 
91-23-80 
01-26-80 

01-29-80 

G2-01-80 

02-04-80 

ETEC-82-1 
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HISTORY 

End D a t e  

05-22-79 

05-30-79 

05-51-73 
06-01-79 

55-12-79 

07-05-79 

02-07 -79 

08- 2 3 - 7 9 
IO- 12-79 

10-24-79 

10-24-79 
10-26-79 
10-29-79 

11-02-79 

11-05-79 
11-12-79 
11-16-79 
11- 19-73 
11-30-79 
12-03-79 
12-06-79 
12-09-79 
12-12-79 
12-15-79 
12-18-79 
12-21-79 

01-C5-60 
01-08-60 
01- 11-so 
Oi-14-90 
01-17-80 
01-20-80 
01-23-80 
02-26-80 

01-29-80 

02-01-80 
02-04-80 
05-06-80 

~~~~~ ~ ~ ~ 

Ca lendar  Day 
(End) 

142 

150 

151 
152 

163 

186 
219 

235 
285 

297 

297 
299 
302 
306 

309 
316 
320 
321 
334 
337 
340 
343 
346 
349 

352 
355 

005 
008 
011 
014 
01 7 
020 
023 
026 
029 
032 
035 

127 



Test  
Procedure 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP- 42 -PA -005 

TP-42-PA-005 

IS1 

TP-42-PA-005 

TP-42-PA-005 

TP -42- PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP -42- PA- 005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

IS1 and Shutdown 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

IS1 

TP-42-PA-005 

IS I 

TP-42-PA-005 

TP-42-PA-005 

TP-42-PA-005 

TABLE X I I - 3  
TRTA-2 PHASE I 1  TIME HISTORY 

(Sheet  1 o f  2 )  

Cycle 
N urn ber  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

S t a r t  Date 

05- 16-80 

05-19-80 

05-27-80 

06-20-80 

06-24-80 

06-27-80 

06- 30-80 

08- 05-80 

08-08-80 

08-11-80 

08- 14-80 

09-02-80 

09-11-80 

09-14-80 

09- 17-80 

09-29-80 

10-28-80 

11-0 1 - 80 

11 -04-80 

11-07-80 

11- 10-80 

11-13-80 

01- 13-81 

01-14-81 

01-15-81 

01-16-81 

01-19-81 

01-23-81 

02-04-81 

02-25-81 

03-06-81 

03- 10-81 

03-13-31 

E T E C - 8 2 - 1  

X I I - 1 4  

End Date 

05-19-80 

05-22-80 

05-30-80 

06-23-80 

06 - 27- 80 

06- 30-80 

07-03-80 

08-08-80 

08- 11- 80 

08-14-80 

09- 02- 80 

09-05- 80 

09-14-80 

09-17-80 

09-20-80 

10- 02-80 

10-31-80 

11 -04- 80 

11-07-80 

11- 10- 80 

11-13-80 

01-13-81 

01-14-81 

01-15-81 

01-16-81 

01-19-81 

02-23-81 

03-09-81 

03- 13-81 

03-16-81 

.Calendar Day 
(End 1 
140 

143 

1 5 1  

175 

179 

182 

185 

22 1 

224 

227 

246 

249 

258 

261 

264 

276 

305 

309 

312 

315 

318 

13 

14 
15 

16 

19 

54 

68 

72  

7 5  



TABLE XII-3 
TRTA-2 PHASE I 1  T I M E  HISTORY 

(Sheet 2 o f  2 )  

Test 
Procedure 

TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP- 42 -PA - 005 
IS1  
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
IS1  
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
IS1  
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
TP-42-PA-005 
IS1 

Cycle 
Number 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 

52 
53 
54 
55 
56 

Start Date 

03- 16-81 
03-20-81 
03-23-81 
03-27-81 
03- 30-81 
04-03-81 
04- 07 - 8 1 
04- 14-81 
04-24-81 
04-27-81 
05-01-81 
05-04-81 
05-08-81 
05-12-81 
05- 15-81 
05- 19-81 
05-23-81 
05-26-81 
06-03-81 
06- 16-81 
06- 19-81 
06-26-81 
06- 29-81 
07-03-81 
07-09-81 
07- 17-81 
07- 20-81 
07-24-81 
07-27-81 
07-31-81 
08- 12-81 

End Date 

03- 19-81 
03- 23-81 
03-26-81 
03- 30-81 
04-02-81 
04-06- 81 
04- 10-81 

04- 2 7- 81 
04- 30-81 
05-04-81 
05-07-81 
05-11-81 
05- 15-81 
05-18-81 
05-22-81 
05- 26-81 
05-29-81 

06-19-81 
06- 22-81 
06- 29 - 81 
07-02-81 
07- 06-81 

07- 20-81 
07-23-81 
07-27-81 
07-30-81 
08-03-81 

Calendar Day 
(End) 

78 
82 
85 
89 
92 
96 
100 

117 
120 
124 
127 
131 
135 
138 
142 
146 
149 

170 
173 
180 
183 
187 

201 
204 
208 
211 
215 
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T e s t  
Procedure 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

T P- 42 - PA-01 3 

IS1 

T P-42 -PA- 0 13 
T P-42- PA-0 13 

TP-42-PA-013 

TP-42-PA-013 

T P- 42 -PA- 0 13 

T P-42- PA-0 13 

T P- 42- PA- 0 13 

T P-42 -PA-0 13 

TP-42-PA-013 

TP-42-PA-013 

I S 1  

TP-42-PA-013 

TP-42-PA-013 

T P-42 - PA-0 13 
TP-42-PA-013 

T P-42 - PA-0 13 

TP-42-PA-013 

TABLE X I I - 4  

TRTA-3 TIME HISTORY 
(Sheet  1 o f  2) 

Cyc le  
Number 

1 
2 
3 

4 

5 

6 

7 
8 

9 

10 

11 
1 2  
13 

14 

1 5  
16 

1 7  
18  

19 

20 

2 1  

22 

23 

24 
25 

26 

S t a r t  Date 

10- 17  -80 

11-04-80 

11-07-80 
11 - 10- 80 

11-14-80 

11-17-80 

12-09-80 

12 -1 2-80 

12- 15- 80 

12-  19- 80 

01- 07- 81 

02-24-81 
02-27-81 

03-03-81 

03-06-81 

03-10-81 

03-13-81 

03- 17-81 

03-20-81 

03- 23-81 

03- 27-81 

04-02-81 
04- 13-81 

04-17-81 

04-20-81 
04- 24- 81  

04-27- 81 

05- 01  - 81  

End Date 

10- 20- 80 

11-07-80 
11-10-80 

11-1 3-80 

11-17-80 

11-20-80 

12-1 2-80 

12-  15-80 

12-18-80 

12 -22 - 80 

02-27-81 
03- 02 - 81 

03-06-81 

03-09-81 

03-13-81 

03- 16-81 

03-20-81 

03-23-81 

03-26-81 

03 - 30- 81 

04-16-81 

04-20-81 

04-23-81 
04- 2 7- 8 1  

04 - 30-81 

05-04-81 

Calendar Day 
(End) 

294 

312 

31  5 

318 

322 

32 5 
347 

350 

353 

357 

58 
61  

65 

68 

72 

75 
79 

82 

85 

89 

106 

110 

113 
117 
120 

124 

ETEC-82- 1 
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T e s t  
Procedure 

TP-42-PA-0 13 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

I S 1  

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

TP-42-PA-013 

IS1 
TP-42-PA-013 

TP-42-PA-013 

T P-42- PA-013 

T P-42- PA-0 13 

TP-42-PA-013 

IS1  
TP-42-PA-013 
TP-42-PA-013 

TP-42-PA-013 

T P-42- PA-01  3 
T P- 42- PA- 0 1 3  
TP-42-PA-013 

TP-42-PA-013 

TP-42 -PA -0 13 

T P-42- PA- 0 13 

TP-42-PA-013 

Shutdown 

TABLE XII-4 
TRTA-3 T I M E  HISTORY 

(Sheet 2 o f  2) 

Cyc le 
Number 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

41  
42 

43 

44 
45 

46 

47 

48 

49 

50 

S t a r t  Date 

05-05-81 

05- 08- 8 1  

05-12-81 

05-15-81 

05-20-81 

06- 12-81 

06- 19 - 81  

06- 26-81 

06- 29-81 

07-03-81 

07-09-81 
07-21-81 

07- 24-81 

07-28-81 

07-31-81 
08-03-81 

08- 12-  81  

08- 28-81 

08-31-81 

09-05-81 

09- 08- 81 
09- 11-81 

09-14-81 

09-18-81 
09-21-81 

09- 25-81 

09-28-81 

10- 01 -81 

ETEC-82-1 
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End Date 

05-08- 81 

05-11-81 

05-15-81 

05- 18- 81  

06 -18-81 

06-2 2- 81  

06- 29- 81 

07-02-81 

07-06-81 

07-24-81 

07-27-81 

07-31-81 

08-03-81 

08-06-81 

08- 3 1-81 

09-03-81 

09-08-81 

09-11-81 
09-14-81 
09- 17-81 

09-21-83 
09-24-81 
09-28-81 

10-01-81 

Calendar Day 
(End) 

128 

131 

135 

138 

169 

173 

180 

183 

187 

205 

208 

212 

215 

218 

24 3 

246 

251 

254 
257 
260 

264 
267 

2 7 1  

274 



C .  TEST RESULTS -TRANSIENT TESTING 
A 

1. TRTA-2 

TRTA-2 resumed the second phase of t ransient  tes t ing on January 13, 1981. 
Five cycles were completed, with short hold periods of 1 h ,  and the t e s t  a r t i c l e  
was shut down following Cycle 25 for  G E  t o  perform an inservice inspection on 
January 23, 1981. 

Crack propagation was investigated by local grinding and removal of b o a t  
samples from Welds 1, 3, and 4.  Results indicated t h a t  maximum crack depths 
ranged between 120 and 160 mils. 

TRTA-2 tes t ing was resumed on February 4 ,  1981, by s t a r t i ng  Cycle 26 w i t h  an 
extended hold period o f  330 h ,  followed by a slow cooldown o f  200°F/h and a second 
inservice inspection. 
crack depths had n o t  increased. 

Boat samples removed from Welds 3 and  4 indicated t h a t  

Transient tes t ing was continued a t  a reduced axial load  o f  100,000 l b  (0.45 x 
N) fo r  ten cycles, through Cycle 36, followed by an inspection April 1 4 ,  1981, 

Ultrasonic examination indicated maximum 

6 10 
t o  determine the extent of crack growth .  
crack depth was $200 mils a t  Weld 4. 
Cycle 46, a t  a load of 100,000 1 b (0.45 x 10 N )  , followed by inspect on on June 3, 
1981. Results indicated tha t  crack depths did n o t  change a t  Welds 1, 3, and 4.  

Ten more cycles were performed, t h r o u g h  
6 

The f inal  se r ies  of ten t rans ien t  cycles was performed a t  the normal axial 
load of 400,000 lb  (1.78 x l o6  N )  through Cycle 56. 
1981, following 81 cycles (Phase I and Phase 11) indicated t h a t  crack propagation 
was more than  half the wall thickness and t h a t  tes t ing was considered complete. 
ETEC dismantled the t e s t  a r t i c l e  into weld area sections and returned the t e s t  
a r t i c l e  sections t o  G E  fo r  metallographic examination. 

Inspection by G E  on August 1 2 ,  

ETEC-82- 1 
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A typical downtransient temperature prof i le  u t i l i z ing  internal thermocouple 
e o n t r o l  a t  the Cr-Mo section i s  shown in Figure XII-8. 
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Figure XII-8. Downtransient Temperature Prof i le ,  
TRTA-2, Phase I1 , Cycle 41 

A time history of the t e s t  se r ies  i s  shown in Tables XII -2  and -3. 

2.  TRTA-3 

TRTA-3 completed t ransient  Cycle 10 and was shut down for  GE t o  perform an 
inservice inspection on January 7 ,  1981. 
showed a l i g h t  film of oxidation on the Cr-Mo surfaces;  UT examination d i d  n o t  
reveal any cracks in the weld jo in t s .  

Surface inspection o f  the t e s t  a r t i c l e  

The t e s t  a r t i c l e  was f i t t e d  w i t h  bulkhead end plates t o  support a new butyl 
rubber enclosure required t o  reduce leakage and maintain a more posit ive pressure 
on the nitrogen cover gas system. 

ETEC-82-1 
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463 
Transient tes t ing was continued fo r  ten cycles,  through Cycle 20, and was 

shut down April 2 ,  1981, for inspection by G E .  
a r t i c l e  weld joints a f t e r  UT examination. 

No cracks were found i n  the tes  

The Cr-Mo surfaces appeared t o  have been protected by the new butyl rubber 
cover gas  enclosure, which maintained a nitrogen pressure of 0 .1  in .  of water on 
the t e s t  a r t i c l e  surface d u r i n g  the ser ies  of ten t ransient  cycles. The Cr-Mo 
surfaces were found t o  be only l i gh t ly  oxidized w i t h  a th in ,  adherent oxide fi lm. 

Transient tes t ing was continued for ten cycles,  th rough  Cycle 30, and was 
shut down on May 2 1 ,  1981, t o  inspect the oxidation on the Cr-Mo surfaces and t o  
investigate the condition of the adjacent bi-metallic and t r i -meta l l ic  weld 
jo in t s .  
%5 mils. The adjacent weld metal was polished t o  provide a f l a t  surface t o  per- 
form dye penetrant examinations, which showed indications of crack i n i t i a t i o n  on 
Weld Joints  1,  3 ,  and 4.  
were polished down an additional 5 mils. 

Total o x i d a t i o n  depth on Cr-Mo surfaces f o r  30 cycles was found t o  be 

These indications disappeared when the weld j o i n t  areas 

TRTA-3 tes t ing was continued for  a se r ies  of f i ve  t ransient  cycles and was 
shut down following Cycle 35 on July 6 ,  1981, t o  investigate the condition of the 
weld j o i n t s .  
3, and 4.  
polished down ~ 1 0  mils a t  Weld 1, 5 mils a t  Weld 3, and 5 mils a t  Weld 4.  
was again tes ted for  f ive  cycles and inspected on August 1 2 ,  1981, following a 
t o t a l  of 40 t ransient  cycles. 
60 mils a t  Weld 1 t o  15 mils a t  Weld 4 ,  j u d g i n g  from b o a t  samples removed a t  
these locations.  

Dye penetrant examination showed indications of cracks a t  Welds 1, 
These indications disappeared when specified weld j o i n t  areas were 

TRTA-3 

G E  indicated t h a t  maximum crack depths ranged from 

TRTA-3 was tested fo r  a f inal  ten cycles ending in Cycle 50 and shut down 
October 1, 1981, t o  complete t rans i t ion  j o i n t  t es t ing .  The t e s t  a r t i c l e  was dis-  
mantled and returned t o  G E  f o r  weld j o i n t  examination. 

ETEC-82- 1 
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1 

Typical reduced d a t a  plots of overall temperature prof i le ,  load, and  down- 
ansient temperature prof i les  are shown in Figures XII-9,  -10, a n d  -11. 

A time history of the t e s t  se r ies  i s  shown in Table XII-4.  

Figure XII-9. Overall Temperature Prof i le ,  TRTA-3, Cycle 50 
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Figure XII-10. Load, TRTA-3, Cycle 50 
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Figure XII-11. Downtransient Temperature Prof i le ,  TRTA-3, Cycle 50 
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XI11 . C R B R  VALVES 

P .  A R C H B O L D  

A.  I NTRODUCT I ON 

The t e s t  a r t i c l e  for  t h i s  program consists of nine d i f fe ren t  valve configu- 
rations for  use in the C R B R  program. The complement o f  valves i s  l i s t e d  below: 

1-in.  (25.4-m) Hoke bellows seal 90' globe valve, C v  = 1 2  
1-in. (25.4-mm) Hoke bellows seal 90' globe valve, C 

1 / 2 - i n .  (12.7-mm) Hoke bellows seal 90' globe valve, C v  = 3 
1/2-in. (12.7-mm) Hoke bellows seal 90' globe valve, Cv = 0 . 5  
1-i n .  (25.4-mm) Powel 1 bel lows seal Y-gl obe Val ve 
2-i n . (50.8-mm) Powel 1 bel 1 ows seal Y -gl obe Val ve 
3-in. (76.2-mm) Powel 1 bel 1 ows seal Y-gl obe Val ve 
4-in. (101.6-mm) Powell bellows seal Y-globe valve 
6-in. (152.4-mm) Powell swing check valve. 

= 3 
V 

Functional tes t ing of these valves i s  necessary t o  verify adequacy of design, 
mater ia ls ,  and thermal responses when used in a sodium environment. The design 
of parts of these valves has  been modified t o  meet the C R B R P  requirements, and  

empirical t es t ing  i s  required t o  assess the design adequacy since current analyti-  
cal techniques are  inadequate t o  predict the e f fec ts  of mechanical and  thermal 
cycling on the performance o f  these valves. Present theoretical  analysis i s  n o t  
considered adequate t o  predict  the dynamic response o f  these valve-operator assem- 
b l ies  t o  seismic events, and since some of them are "active" safety-related com- 
ponents, dynamic tes t ing  i s  considered t o  be necessary. 
designed t o  measure flow charac te r i s t ics  and  sea t  leakage before and a f t e r  
mechanical l i f e  cycling and thermal cycling i n  sodium with nozzle loads applied. 
Seismic tes t ing i s  t o  be performed on selected valves from the second, or backup, 
s e t  of valves. 

The t e s t  program i s  

ETEC-82- 1 
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Testing conducted and reported d u r i n g  CY 1978, 1979, and 1980 on this pro- 

gram consisted o f :  @ 
Operability a n d  gas sea t  leakage t e s t s  a t  ambient temperature f o r  
a l l  four Hoke valves 
Sodium flow charac te r i s t ics  tests a t  4OO0F (204OC) and 750°F 
(399OC) fo r  the 1 - i n .  (25.4-mm) Hoke valve ( C v  = 12 )  

Mechanical l i f e  cycling t e s t s  (2000 cycles) a t  75OoF (399OC) and 
925OF (496OC) for  the 1 - i n .  (25.4-mm) Hoke valve ( C v  = 1 2 )  
Operability and gas sea t  leakage t e s t s  a t  ambient temperature f o r  
the four Powell Y-globe valves and swing check valve 
Sodium flow charac te r i s t ics  a t  4OO0F (204OC) and 75OoF (399OC) fo r  
the 4-in. (101.6-mm) Powell valve 
Seat leakage t e s t s  w i t h  externally applied loads a t  4OO0F (204OC) 
and 1000°F (538OC) w i t h  the 4-in. (101.6-mm) Powell valve 
Mechanical l i f e  cycling t e s t s  (1000 cycles) a t  1000°F (538OC) w i t h  
the 4-in. (101.6-mm) Powell valve 
Sodium flow charac te r i s t ics  a t  4OO0F (204OC) and 925OF (496OC) 
w i t h  the 1 / 2 - i n .  Hoke valve ( C v  = 3) 
Operability and g a s  sea t  leakage t e s t s  a t  ambient temperature f o r  
the 4-in. (101.6-mm) Powell valve f o r  seismic tes t ing 
Seismic t e s t  a t  1000°F (538OC) and 325 p s i g  (2241  kPa) ( f ive  OBE 

t e s t s  plus one SSE t e s t )  f o r  the 4-in. (101.6-mm) Powell valve 
Thermal t ransient  t e s t s  from 6OO0F (316OC) to  1015OF (546OC) and 
from 1015OF (546OC) to  6OO0F (316OC) f o r  the 4 - i n .  (101.6-mm) 
Powell valve 
Flow charac te r i s t ics  i n  water f o r  1 - i n .  (25.4-m),  2 - i n .  (50.6-m),  
and 3-in. (75.9-mm) Powell valves 
Flow charac te r i s t ics  i n  sodium a t  900°F (482OC) f o r  a 6-in. 
(151.8-mm) Powel 1 check valve. 
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Testing conducted during the present year ( C Y  1981) on t h i s  program consisted of :  

1) 

2 )  

3) 

4 )  Diagnostic tes t ing on the 4-in. (101.6-mm) Powell valve used in 

Completion o f  flow charac te r i s t ics  tes t ing in sodium a t  900°F 
(482OC) for  a 6-in. (151.8-mm) Powell check valve 
Seat leakage tes t ing in s t a t i c  sodium a t  900°F (482OC) for  the 
6- in .  (151.8-mm) Powell check valve 
Seat leakage and l i f e  cycle tes t ing in s t a t i c  sodium a t  6OO0F 
(316OC) fo r  the 2-in. (50.8-mm) Powell valve 

seismic tes t ing .  

Q 

B.  TEST DESCRIPTION 

1. Faci l i ty  

Check valve tes t ing in flowing sodium i s  accomplished in the Sodium Compo- 
nent Test Ins ta l la t ion  (SCTI) .  The valve i s  mounted in a horizontal a t t i t ude  in 
a bypass loop t h a t  contains the purification l i ne  and P-6 and P-8 EM pumps, as 
shown in Figure XIII-1.  Instrumentation i s  provided as  shown in Figure XIII-2 
and i s  connected t o  the d ig i ta l  d a t a  acquisit ion system ( D D A S ) .  

the t e s t  a r t i c l e  provides convenient platforms and space suf f ic ien t  to f a c i l i t a t e  
3 radiography. The loop i s  capable of providing 960 gal/min (0 .06  m / s )  of 95OoF 

( 5 1 O O C )  sodium a t  a pressure of 200 psig (1379 k P a ) .  Testing i s  performed w i t h  
Valve V-506 t h r o t t l e d  t o  o b t a i n  t h e  desired f low.  Flow i s  bypassed t h r o u g h  the 
2-in. (5.08-cm) l i ne  and the EM pumps, which are e l ec t r i ca l ly  connected t o  pro- 
vide a negative pressure on the check valve disc fo r  posit ive closure during l i f e  
cycle tests.  
using computer control.  With the valve in the closed posit ion,  leak rates  are 
measured a t  ambient temperature and  325 psid (2241  kPa)  on b o t h  forward a n d  
reverse di rec t i  ons . 

The location of 

Cycling of  the  t e s t  a r t i c l e  i s  accomplished by cycling Valve V-507 

8 ETEC-82- 1 
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M 
V-517 

PURIFICATION LINE 

Figure XIII-1. SCTI Check Valve Test 
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Sodium sea t  leakage tes t ing and valve cycling in s t a t i c  sodium are accom- 
plished in a s t a t i c  t e s t  r i g .  
platform above Sodium Water Reaction Vessel T-21. 

The s t a t i c  t e s t  r ig  i s  located in the SCTI, on a @  
The t e s t  r ig  i s  connected t o  

the SCTI sod 
f 1 ow- t hroug h 
accomplished 
The r ig  i s  p 

um system th rough  sodium f i l l  and  drain l i nes .  There i s  no sodium 
capabi l i ty ,  and purif icat ion o f  the valve/test  r ig  combination i s  
by f i l l i n g  and draining the r ig  several times w i t h  purified sodium. 
ovided with a Fisher Leveltrol t o  monitor seat  leakage on the 

upstream side of the valve so t h a t  there i s  no problem accounting for  changes due 
t o  a possible gas bubble trapped in  the bonnet area of the valve. 

piping i s  anchored t o  the r i g ,  and the t e s t  valve and downstream piping are 
supported by a system of constant-load hangers. 
t o  the valve by hydraulic actuators t h a t  are  manually loaded using a self-contained 
hydraulic system bu i l t  into the r i g .  
calibrated load c e l l s .  The o u t p u t  from the load ce l l s  i s  routed t o  the DDAS in 
the control room. Preheat and t e s t  temperatures are provided by means of s t r i p  
heaters t h a t  are controlled locally a t  the s t a t i c  t e s t  r ig  control panel SSTI. 
The t e s t  r i g  has a bui l t - in  instrument a i r  system, which i s  interfaced with the 
150-psig (1034-kPa) SCTI instrument a i r  system. 
Temperature readings, load cel l  readings, valve Position, and  iquid level read- 
ings a re  a l l  connected t o  the SCTI DDAS in the control room. 

The upstream 

Simulated pipe loads are  applied 

The actuator loads are monitored using 

Argon i s  supp ied from a K-bottle. 

2 .  Test Art ic le  

The t e s t  a r t i c l e s  are  a se r ies  of valves constructed in accordance with the 
requirements of Section I11  Division 1 of the ASME Boiler and Pressure Vessel 
Code. The Powell valves are  a l l  Y-pattern globe valves complete with Fisher 
actuators except fo r  the 4-in. (101.6-mm) seismic t e s t  valve, which has a 
radiat ion-resis tant  actuator .  Figure XIII-3 i s  a typical valve arrangement for  
the Powell s e r i e s .  
Powell valves and i s  shown in Figure XIII-4.  

One 6-in.  (152.4-mm) check valve completes the complement of 
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The valves are heated by means of s t r i p  heaters formed around the shell and 
controlled in zones t o  provide a uniform heat pattern a s  shown i n  Figure X I I I - 5 0  
Thermocouples are  ins ta l led  t o  provide b o t h  control and temperature d a t a .  
gages are instal led t o  a i d  in determining whether applied loads react as expected. 
Mechanical loads are applied t o  simulate p i p i n g  loads, e t c . ,  using hydraulic 
cylinders and  a load maintainer or hand pump. 
of load c e l l s  attached t o  the hydraulic cylinders.  

S t r a i n  

The loads are monitored by means 

3. Test Method 

a .  Mechanical Cycl ing 

The 6-in. (152.4-mm) Powell check valve was cycled in the SCTI 4-in. (101.6- 

mm) loop a t  the design flow ra t e  and  a system pressure of $50 ps i .  
cycled from the open t o  the closed position automatically by using the computer 
t o  cycle faci  1 i ty system Valve V-507. 

The valve i s  

Mechanical cycling in the s t a t i c  t e s t  r i g  i s  accomplished using the DDAS 
computer t o  control the t e s t  valve pneumatic control ler  automatically. 
i s  performed i n  s t a t i c  sodium. 

This t e s t  

b .  Seat Leakage Measurements W i t h  Applied Loads 

Seat leakage measurements are  made in the s t a t i c  t e s t  r i g ,  which has two 
t e s t  posit ions.  Each position i s  equipped with a gas system f o r  pressurizing 
e i the r  side of the valve and with a Fisher Leveltrol ,  located in the upstream 
piping, t o  measure the actual leak rate .  The sodium level i s  balanced in the 
piping, across the valve, and  gas pressure i s  applied t o  the upstream or down- 
stream side as  required. The Leveltrol records the leak ra tes .  Loads can be 
applied t o  simulate various piping loads and  conditions by means o f  a hydraulic 
loading system b u i l t  into the s t a t i c  t e s t  r i g .  This capabili ty enables evalua- 
t ion of valve performance under var ious load conditions. 
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Figure XII I -4 .  6 - i n .  Powell Check Valve 

F igu re  XI I I -5 .  Typical  Heater  and 
Thermocouple I n s t a l  l a t i o n  
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4. T e s t  Resu l t s  

a .  Mechanical L i f e  Cyc le Opera t i on  - 6 - i n .  Check Valve 

The 6 - i n .  (152.4-mm) swing check v a l v e  was c y c l e d  f rom t h e  open t o  t h e  
3 c l o s e d  p o s i t i o n  500 t imes a t  t h e  des ign  f l o w  r a t e  o f  560 ga l /m in  (0.035 m / s )  a t  

b o t h  4OO0F (204OC) and 900°F (482OC). These l i f e  c y c l e  t e s t s  were performed 

a maximum system p ressu re  of  50 p s i g  (345 kPa).  

these t e s t s  a r e  shown i n  F igu res  X I I I - 6  and -7, r e s p e c t i v e l y .  The v a l v e  was 

c y c l e d  by c y c l i n g  t h e  f a c i l i t y  l o o p  Valve V-507 under computer c o n t r o l .  

t 

Sample p l o t s  o f  t h e  r e s u l t s  o f  

b. Reverse Flow Seat  Leakage T e s t  - 6 - i n .  Check Valve 

Reverse f l o w  s e a t  leakage t e s t i n g  of t h e  6 - i n .  (152.4-mm) swing check v a l v e  

was per formed i n  P o s i t i o n  2 o f  t h e  s t a t i c  t e s t  r i g .  A f t e r  t h e  t e s t  a r t i c l e  and 
r i g  p i p i n g  were purged w i t h  argon, t h e  system was preheated t o  4OO0F (204OC), 

purged again,  and f i l l e d  w i t h  sodium a t  4OO0F (204OC). The r i g  was heated t o  

95OoF (51OoC), h e l d  f o r  8 h, t hen  h o t - d r a i n e d  t o  f l u s h  o u t  i m p u r i t i e s .  A f t e r  

r e f i l l i n g  w i t h  sodium a t  4OO0F (204°C), t h e  r i g  was rehea ted  t o  t h e  t e s t  temper- 

a t u r e  o f  900°F (482OC) and a l l o w e d  t o  s t a b i l i z e .  

a r t i c l e  was r a i s e d  t o  100 p s i  (690 kPa) i n  t h e  r e v e r s e  d i r e c t i o n ,  t hen  h e l d  f o r  

%4 h.  

S ince  t h e  l e a k  r a t e  was ex t reme ly  low, t h i s  t e s t  was repeated,  and a f t e r  4 h a t  

100 p s i g  (690 kPa), t h e  i nc remen ta l  l e a k  r a t e  was determined t o  be 51.46 cm /h.  

T h i s  l e a k  r a t e  i nc reased  s t e a d i l y  f r o m  22.5 cm / h  a t  t h e  end o f  t h e  f i r s t  hour  t o  
3 51.46 cm3/h a t  t h e  end of  4 h.  The t o t a l  leakage of sodium f o r  4 h was 206.3 cm 

The a l l o w a b l e  l e a k  r a t e  a t  100 p s i  (690 kPa) g i v e n  by S p e c i f i c a t i o n  N099NV812017 

i s  93,465 cm /h .  F i g u r e  X I I I - 8  i s  a p l o t  o f  t h e  t o t a l  leakage vs t i m e  f o r  t h i s  

t e s t .  

The p ressu re  across t h e  t e s t  

The l e a k  r a t e  was determined and reco rded  by t h e  d a t a  a c q u i s i t i o n  system. 

3 

3 

3 

The v a l v e  was then  t e s t e d  w i t h  a d i f f e r e n t i a l  p ressu re  o f  1.5 p s i  (10.35 kPa).  
3 Dur ing  t h i s  t e s t ,  t h e  i nc remen ta l  leakage r a t e  decreased f rom ~ 8 8 0  cm / h  a t  t h e  

3 
s t a r t  o f  t h e  t e s t  t o  ~ 7 4 9  cm / h  about  t h r e e - q u a r t e r s  through t h e  t e s t ,  t hen  
inc reased  a g a i n  t o  880 cm /h .  The t o t a l  leakage ove r  a p e r i o d  o f  44 m in  was 3 
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Figure XIII-8. 6-in. Powell Valve Test Program a t  SCTI - 
S e a t  Leakage Test a t  100 psi 

3 643.4 cm3, which i s  equivalent t o  an average leak r a t e  o f  14.7 cm /min. 
allowable leak r a t e  specified i s  15,576 cm /min. Figure XIII-9 i s  a plot  of the 

to ta l  leakage vs  time fo r  t h i s  t e s t .  

The 
3 

c .  Seat Leakage and Life Cycle Testing - 2-in. Powell Valve 

After checkout of the hydraulic loading system and a period of operator 
training on the system, a se r ies  of t e s t s  was in i t i a t ed  t o  evaluate the load sys- 
tem and determine how the loads were being reacted. I n i t i a l  t e s t s  showed t h a t  
the reactions obtained were in the r igh t  direction b u t  the values were less  t h a n  
predicted. 
the s t r a i n  gage readings changed suddenly. 
and  a f t e r  correcting t h i s ,  the axial load t e s t  was sa t i s f ac to r i ly  completed. 
bending t e s t  was then repeated, b u t  the resu l t s  were not  sa t i s fac tory .  
of the d a t a  indicated the possibl i ty  t h a t  some external load was being experienced. 
This was eventually determined t o  be a thermal problem created by exposure of the 

A n  axial load application was t r ied  b u t  a t  a load of 360 lb  (162 k g ) ,  

The 
The instrumentation was a t  f a u l t ,  

Analysis 
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6-in. Powell Valve Test Proqram a t  SCTI - 
Seat Leakage Test a t  1.5  psi 

t e s t  r ig  t o  d i r ec t  sunlight coming in th rough  an access opening created in the 
wall for  i n s t a l l a t ion  of a steam generator. 
e f f ec t  and the s t r a i n  gage recording equipment was moved t o  the lower platform. 
The bending t e s t  was repeated, with good resu l t s  obtained, and the decision was 
made t o  complete the load evaluation t e s t s  required by Procedure SCTI-SP-410. 
These t e s t s  were completed, and ESG personnel reviewed the d a t a  and  indicated 
acceptance of the resu l t s  of these t e s t s .  
SCTI system piping t h r o u g h  f i l l  and drain l i nes ,  and  the t e s t  a r t i c l e  and r ig  
piping were f i l l e d  with sodium a t  4OO0F ( 2 0 4 O C ) .  
and  soaking, followed by a h o t  drain,  then r e f i l l i n g  a t  4OO0F (204'C), a seat  
leakage t e s t  was performed. 
covered t h a t  the manual override mechanism was holding the valve off the sea t .  
The mechanism was centered and the t e s t  was repeated. Again the leak ra te  was 
excessive, and investigation showed t h a t  the t e s t  a r t i c l e  actuator solenoid valve 
vent t o  atmosphere had been plumbed t o  the t e s t  r ig  system and was r e s t r i c t ed .  

The t e s t  r ig  was shielded from th is  

The t e s t  r ig  was then connected t o  the 

After heating t o  95OoF ( 5 1 O O C )  

The leak r a t e  proved t o  be excessive. I t  was dis-  
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This created a cushion of pressure on the underside of  the actuator piston, which 
a e v e n t e d  the valve from closing until  the pressure could decay. The vent was 

opened a n d  tes t ing was resumed. 
indicated a problem in the Leveltrol ,  so the system was drained t o  enable exami- 
nation of the Leveltrol uni t .  A thermal baffle in the unit  seemed t o  be causing 
the problem and was removed. 
a leak t e s t  performed, the valve sea t  leakage was o u t  of specif icat ion.  
personnel were contacted a n d  agreed t o  use the manual override cautiously t o  see 

The s t r i p  chart  recording of the leak r a t e  

When the system was f i l l e d  with sodium a t  4OO0F and 

ESG 

i f  the valve could be seated. With approximately one half-turn of the handwheel, 
the valve seated and the leak r a t e  diminished. 
matically and  another leak t e s t  performed. 
specif icat ion.  
arranged for  a Fi s her representative t o  wi tness tes t ing . 

The valve was then stroked pneu- 
The leak ra te  was once more o u t  of 

ESG was informed and they contacted the Powell Company, w h o  

The sea t  leak t e s t  was repeated in the presence of ESG and Fisher represen- 
t a t i v e s .  The valve could no longer be seated under e i ther  pneumatic control o r  
manual override.  Powell then suggested loosening the packing gland n u t  a n d  
re tes t ing .  I f  t h i s  did not  resolve the problem, they recommended removing the 
block connecting the valve and actuator stems and  checking the alignment. The 
packing was loosened and the valve was stroked open and closed and monitored t o  
see i f  there was any obvious change in t rave l .  
valve jammed a t  approximately half-open posit ion.  
actuator spring pressure, and the connecting block between the stems was removed. 
The stems were observed t o  be a b o u t  1/8 in .  (3 .175  m m )  o u t  of alignment. The 
packing was removed a n d  the stems were reconnected. X-rays were taken of the 
valve a t  the sea t  location and below the gland area.  
were somewhat d i s tor ted ,  there was some indication t h a t  the stem might be bent. 
The connecting block was again removed, and  the operation of the actuator was 
checked. This proved t o  be smooth, indicating t h a t  the problem was n o t  in the 
actuator .  
using the manual override,  t o  enable sodium drain.  
t h i s  posit ion.  
s t a t i c  t e s t  r i g .  Another s e t  of X-rays was taken; then the valve was cleaned and 

On the third opening s t roke,  the 
The valve was closed by 

Although the X-ray pictures 

The connecting block was replaced and the valve was pa r t i a l ly  opened, 
The handwheel was locked in 

After the sodium was drained, the valve was removed from the 
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shipped t o  ESG f o r  examina t ion .  

was t e r m i n a t e d  w i t h  shipment o f  t h e  v a l v e  t o  ESG. 

The second s e t  o f  X-rays was l e s s  d i s t o r t e d  and 

gave a more p o s i t i v e  i n d i c a t i o n  t h a t  t h e  v a l v e  stem was ben t .  The t e s t  program Q 

d. D i a g n o s t i c  T e s t i n g  o f  4 - i n .  (101.6-mm) Powel l  Seismic Valve 

I n  October 1980, r e p r e s e n t a t i v e s  f rom ESG and t h e  Powel l  Company wi tnessed 

some d i a g n o s t i c  t e s t i n g  on t h e  4 - i n .  (101.6-mm) se i sm ic  v a l v e .  Bo th  t h e  a c t u a t o r  

and t h e  v a l v e  body were h e l i u m  l e a k  checked and found t o  be i n t a c t .  The c o u p l i n g  

b l o c k  between t h e  v a l v e  and a c t u a t o r  stems was removed and a m isa l i gnmen t  between 

t h e  s h a f t s  was observed. 
sure,  and i t  appeared t o  be f u n c t i o n i n g  n o r m a l l y .  

moved 5/16 i n .  ( 8  mm), u s i n g  a crowbar, and X-rays were taken o f  t h e  stem f rom 

t h e  v a l v e  s e a t  t o  t h e  pack ing  g l a n d  area.  

The v a l v e  was then  removed f rom t h e  t e s t  frame assembly and t h e  suppor t s ,  snubbers, 
l o a d  c e l l s ,  and s p h e r i c a l  bea r ings  were examined. The o n l y  damage observed was 

t o  t h e  a x i a l  l o a d  c e l l ,  which had s u f f e r e d  a f a i l u r e  i n  t h e  end p l a t e  t h a t  f unc -  

t i o n s  as a diaphragm. 

f u r t h e r  s tep-by-step examinat ion.  

Next, t h e  a c t u a t o r  was opera ted  us ing  pneumatic p res -  

The v a l v e  stemscould o n l y  be 

These p i c t u r e s  i n d i c a t e d  a ben t  stem. 

The v a l v e  was c r a t e d  and sh ipped t o  Powel l  Company f o r  

n 
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XIV. ANL VALVE QUALIFICATION TEST PROGRAM 

P .  ARCHBOLD AND W .  G .  DEWART 

A .  INTRODUCTION 

A number of commercial valves of d i f fe ren t  s izes  and types were purchased as 
t e s t  a r t i c l e s  fo r  the ANL: Valve Test Program. 
i s  t o  demonstrate the functional and performance character is t ics  of valves 
designed and modified for  sodium usage by commercial suppliers.  
conducted include: (1) nondestructive tes t ing ( N D T )  inspection, ( 2 )  gas seat  
leakage a t  ambient conditions, (3)  flow charac te r i s t ics  with water, ( 4 )  external 
s t a t i c  pipe loads with contained sodium a t  pressure and temperature, ( 5 )  sodium 
sea t  leakage a t  temperature, and ( 6 )  mechanical cycling with sodium t o  simulate 
40-year service l i f e  in sodium-cooled reactor systems. 

The purpose of  t h i s  t e s t  program 

The t e s t s  t o  be 

During t h i s  reporting period, NDT inspection, gas sea t  leakage t e s t s ,  and 

flow charac te r i s t ics  t e s t s  in water were completed on the Velan valves, and  

sodium t e s t s  were completed on  b o t h  Velan and Westinghouse 6-in. (152-mm) swing 
check valves . 

B .  TCST DESCRIPTION 

1. Fac i l i ty  

Flow charac te r i s t ics  t e s t s  u t i l i z ing  water are performed in the Hydraulic 

Water c i rculat ion i s  supplied by three centrifugal pumps 
One pump (P-3)  i s  rated a t  3000 gal/min 

Test Faci l i ty  ( H T F ) .  
arranged in  a paral le l  configuration. 
(0.189 m / s )  and 300 f t  of head (0.89 kPa); two pumps ( P - 2  a n d  P - 1 )  are  each 
rated a t  750 gal/min ( 0 . 0 4 5  m / s )  and 900 f t  of  head (2.67 k P a ) .  
discharge into e i the r  a 10-in. (0.254-m) or an 8-in.  (0.203-m) pipe manifold. 
Testing may be conducted in e i the r  the 10-in. or the 8-in.  loops. 

3 
3 The pumps 
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In  the 10-in.  (0.254-m) loop, water flows from the pumps through a 10-in. 
l i n e ,  t h r o u g h  the t e s t  a r t i c l e  sect ion,  t h r o u g h  the deaeration t a n k ,  and back 
the pump suction manifold. 
ture control and  fo r  removal of h e a t  result ing from pump energy input. This 
10-in. l o o p  was used f o r  a l l  of the ANL valve t e s t s .  

A water-cooled heat exchanger provides for  tempera- 

I n  the 8-in.  (0.203-m) loop, water flows from the pump discharge through an 
8-in. l i n e ,  t h r o u g h  a manifold pipe array,  through the t e s t  a r t i c l e  sect ion,  a n d  
back. The manifold pipe array consists of a 2 - i n .  (0.05-m), a 4-in. (0.1-in), and 
a 6 - i n .  (0.15-m) pipe run in pa ra l l e l ,  with each pipe run containing a flowmeter 
and  a shutoff valve. 
for  temperature control and removal of heat from the pump energy input. 

An a i rb l a s t  hea t  exchanger i s  provided in the %in .  loop 

3 The primary function of the 7600-gal (29.6-m 1 deaeration t a n k  i s  t o  remove 
entrained gases from the circulat ing water. A n  internal antivortex baff le  has 
been ins ta l led  in the deaeration t a n k  over the ou t l e t  nozzle t o  prevent reentrain- 
ment of gas by vortex action. 
sure of the gas space above the water surface.  

A vacuum system i s  provided f o r  reducing the pres- 

The d ig i ta l  d a t a  acquisition system (DDAS)  records d a t a  on disc f o r  on-line 
d a t a  processing and on tape fo r  of f - l ine  processing and a more permanent record 
of the d a t a .  

Each flow charac te r i s t ic  parameter recorded on tape a n d  disc i s  an average 
of 50 scans taken over every 5 s .  
instantaneous values every 2 s f o r  monitoring t e s t  d a t a .  
vided for  e i the r  on-line or of f - l ine  plott ing of d a t a .  
t o  calculate  the flow coeff ic ient  u t i l i z ing  the equation Qdm, where Q i s  flow 
(gal/min),  S i s  the spec i f ic  gravity (water = 1 . 0  used), and A P  i s  the pressure 
d rop  across the t e s t  a r t i c l e  ( p s i d ) .  
Figure XIV-1. 

A cathode ray tube ( C R T )  display provides 
An X - Y  p lo t t e r  i s  pro- 

The computer i s  programmed 

A schematic of the HTF i s  shown in 
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Sodium testing i s  performed i n  the Sodium Component Test Instal la t ion (SCTI). 

A 4 - i n .  (0.101-m) t es t  l o o p  i s  used t o  tes t  6 - in .  (0.152-m) check v a l v e s  as she@ 
in the schematic diagram, Figure XIV-2. Testing i s  performed w i t h  Valve V-506 

-Q P-5 

n 
505-1 4-P1 

A - 
MT-2 

N 
4 
P 
PI 
0 LD 

I 

ETEC-44404 

Figure XIV-2. 6 - i n .  Check Valve Test Arrangement 

closed, and design flow t h r o u g h  the t e s t  a r t i c l e  is  measured a t  Flowmeter FE507-1. 
The t e s t  a r t i c l e  i s  cycled by cycling Valve V-507. Pa r t  of the flow i s  bypassed 
through the 2 - i n .  (0.05-m) l i n e  and through the electromagnetic (EM) pumps P-6 

and P-8. The w i r i n g  t o  the pumps i s  connected to  provide a negative pressure on 
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the check valve disc  t o  ensure posit ive closure during l i f e  cycling t e s t s .  
c i l i t y  provides 600 gal/min (0.038 m / s )  of sodium a t  950°F (51OOC) and 100 psig 

(689.5 k P a )  and  the expansion t a n k ,  T-4 ,  i s  s e t  a t  20 psig (137.5 k P a )  f o r  reverse 
flow tes t ing .  The temperature, f a c i l i t y  pressure, d i f fe ren t ia l  pressure, a n d  flow 
ra t e  a re  recorded continuously by the d a t a  acquisit ion system in the f a c i l i t y  

The 
3 

con tro 1 room. 

2 .  Test Art ic le  

The t e s t  program included commercially available valves in the l - i n .  (0 .025-m) ,  
2-in. (0.05-m), 4-in. (0.1-m), and  6-in. (0.15-m) s izes  of the following types: 
(1) Y-globe, ( 2 )  s t r a igh t  globe, ( 3 )  angle globe, ( 4 )  o f f se t  globe, ( 5 )  qa te ,  a n d  
( 6 )  swing check. Valves 5261 t h r o u g h  5270 and 5276 t h r o u g h  5285 were tested 
during t h i s  period. Tested in sodium were 6-in. Gate Valves 2444 and 2446 . The 
complete l i s t  of valves i s  shown in Table XIV-1. 

3. Test Method 

The t e s t  valves a re  inspected "as received" f o r  vis ible  damage, a n d  the body 
and  bonnet are  radiographed in accordance with ANSI B16.34-1977. 
leak checked by the "hood method" per Section V ,  T-1060, of the ASME Boiler Code. 

Bellows are 

Seat leakage t e s t s  using dry nitrogen are  conducted in accordance with ANSI 
B16.104 under the category Class IV a n d  Test Procedure A. The i n l e t  and ou t le t  
nozzles a re  blanked off with f l a t  plates sealed with rubber gaskets a n d  secure<( 
with s ix  t i e  rods. 
for  e i the r  pressurization or measurement of gas leakage. 
measured by running a f lex ib le  hose from the connector t o  an a r r ay  of gas flow- 
meters or by putting the f ree  end into an inverted graduate f i l l e d  with water and 

suspended over a waterbath. 

There i s  a Swagelok connector a t  the center of each end p l a t 2  

The gas leakage i s  

E T E  C - 82- 1 
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ETEC 
I D  

Number 

5087 

5088 

5090 

5091 

2611 

2612 

2613 

2614 

2615 

2616 

2617 

2618 

2619 

2620 

2621 

2622 

2623 

2624 

2625 

2626 

2627 

2628 

2629 

2630 

2631 

2632 

2633 

Manufacturer 's  
Model Number 

Rockwell 15108MML 

Rockwell 15108MM 

Rockwell 15108MML 

Rockwell 15108MM 

Va l tek  Mark 1 

Va l tek  Mark 1 
Val t ek  Mark 1 
Va l tek  Mark 1 
Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 
Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 

Va l tek  Mark 1 
Va l tek  Mark 1 

Va l tek  Mark 8 

Va l tek  Mark 8 

Va l tek  Yark 8 

Va l tek  Mark 8 

Val  t e k  Mark 8 

Va l tek  Mark 8 

Va l tek  Mark 8 

Size 
( i n . )  

1 

1 

2 

2 

1 

1 
2 

2 

4 
4 

6 

6 

1 
1 
2 
2 

4 

4 
6 

6 

1 

1 
2 
2 
4 

4 
6 

C1 ass 

1500 

1500 

1500 

1500 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

59r) 

600 

600 

600 

600 

TABLE XIV-1 
D E S C R I P T I O N  OF VALVES 

(Sheet 1 o f  3)  

Y - G l  obe 

Y-Globe 

Y-G1 obe 

Y-Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

S t r a i g h t  Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Angle Globe 

Y-Globe 

Y -G1 o be 

Y-Globe 

Y -G1 obe 

Y-Globe 

Y -G1 o be 

Y -G1 obe 

Body 

316SS 

31655 

316SS 

31655 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316% 

316SS 

316SS 

316% 

316% 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316% 

316SS 

316SS 

31655 

316SS 

316SS 

Stem 

17-5PH 

17-5PH 

17-5PH 

17-5PH 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

31655 

316SS 

31655 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

31655 

M a t e r i a l s  

Seat 
Contact 
Surface 

S te l  1 i t e  

S te l  1 i t e  

S te l  1 i t e  

S te l  1 i t e  

S t e l  1 i te -6  

S t e l l i t e - 6  

S t e l  1 i te-6 

S te l  1 i te -6  

S t e l  1 i te-6 

S t e l  1 i te-6 

S t e l  1 i te-6 

S t e l  1 i te-6 

S te l  1 i te-6 

S t e l  1 i te-6 

S t e l l  i te -6  

S t e l l i t e - 6  

S t e l  1 i te-6 

S t e l l i t e - 6  

S t e l  1 i te -6  

S t e l  1 i te -6  

S t e l  1 i te-6 

S t e l l i t e - 6  

S t e l  1 i te-6 

S t e l  1 i te-6 

S t e l  1 i te -6  

S t e l l i t e - 6  

S t e l l i t e - 6  

Bel lows 

D N A ~  

D N A ~  

D N A ~  

D N A ~  

316SS 

31655 

316SS 

316SS 

316SS 

316SS 

316SS 

31655 

31655 

316SS 

31655 

316SS 

316SS 

316SS 

31655 

316SS 

316SS 

316SS 

31655 

316SS 

316SS 

316SS 

316SS 

Primary 

Seals 

Secondary 

Membrane 
( Inconel  718) 

Membrane 
( Inconel  718) 

Membrane 
( Inconel  718) 

Yembrane 
( Inconel  718) 

Bel lows 

Bel 1 ows 

Bel 1 ows 

Bel  1 ows 

Bel 1 ows 

Bel  1 ows 

Bel 1 ows 

Bel 1 ows 

Bel 1 ows 

Bel lows 

Bel  1 ows 

Bel  1 ows 

Bel lows 

Bel 1 ows 

Bel lows 

Bel  1 ows 

Bel 1 ows 

Bel 1 ows 

Bel 1 ows 

Bel 1 ows 

Bel  1 ows 

Bel  1 ows 

Bel 1 ows 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 



ETEC 
IO 

umber 

2634 

2745 

2746 

2747 

2748 

2749 

2750 

2751 

2752 

2442 

2443 

2444 

2445 

2446 

5261 

5262 

5263 

5264 

5265 

5266 

5267 

5268 

5269 

5270 

Manu fac tu re r ' s  
Model Number 

l a l t e k  Mark 8 

'e rs ta  - Type 11, 
VW50 

'ers ta - Type 11, 
VW50 

'ers ta - Type 11, 
V W l O O  

Persta - Type 11, 
N W l O O  

Persta - Type 10, 
NW50 

Persta - Type 10, 
NW50 

Persta - Type 10, 
N W l O O  

Persta - Type 10, 
N W l O O  

V e 1 an B12 - 1 1 14 B - 1 3M S 

Velan B12-1114B-13MS 

Ve 1 an B14 - 11 148- 13M S 

Westinghouse 8377 040 

Westinghouse 8377 040 

Vel an 

Velan 

Velan 

Vel an 

Vel an 

Vel an 

Velan 

Velan 

Velan 

Vel an 

Size 
( i n . )  

6 

5 OMM 

50MM 

1 OOMM 

lOOMM 

50MM 

50MM 

lOOMM 

l O O M M  

4 

4 

6 

6 

6 

1 
1 

6 

6 

3 

3 
4 

4 

2 

2 

Class 

600 

17BARb 

17BARb 

17BARb 

17BARb 

17BARb 

17BARb 

17BARb 

17BARb 

300 

300 

300 

345b 

345b 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

TABLE XIV-I 
D E S C R I P T I O N  OF VALVES 

(Sheet 2 of  3)  

Y-Globe 

O f f s e t  Globe, 
T h r o t t l i n g  

O f f s e t  Globe, 
T h r o t t l i n g  

O f f s e t  Globe, 
T h r o t t l i n g  

O f f s e t  Globe, 
T h r o t t l i n g  

O f f s e t  Globe, 
Shu to f f  

O f f s e t  Globe, 
Shu to f f  

O f f s e t  Globe, 
Shu to f f  

O f f s e t  Globe, 
Shu to f f  

Swing Check 

Swing Check 

Swing Check 

Swing Check 

Swing Check 

Gate 

Gate 

Gate 

Gate 

Gate 

c a t e  

Gate 

Gate 

Gate 

Gate 

Body 

316SS 

304SSc 

304SSc 

304SSc 

304SSc 

304SSc 

304SSc 

304SSc 

304SSc 

316SS 

316SS 

316SS 

316SS 

316SS 

31655 

31655 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

316SS 

31655 

Stem 

31655 

318SSc 

318SSc 

318SSc 

318SSc 

318SSc 

318SSc 

318SSc 

318SSc 

0 NA 
DNA 

DNA 

0 NA 

DNA 

31655 

316SS 

660SS 

66055 

660SS 

M O S S  
660SS 

660SS 

316SS 

316SS 

M a t e r i a l s  

Seat 
Contact 
Surface 

S te l  1 i te -6  

S t e l l i t e - 6  

S t e l l i t e - 6  

S t e l l i t e - 6  

S te l  1 i te -6  

S te l  1 i t e - 6  

S t e l  1 i te -6  

S t e l l i t e - 6  

S te l  1 i te -6  

SA351-CF8 

SA351-CF8 

SA351-CF8 

S t e l l i t e - 1 6 5  

S te l  1 i te-165 

S te l  1 i te -6  

S t e l  1 i te-6 

S t e l  1 i te -6  

S t e l  1 i te -6  

S t e l  1 i te -6  

S t e l  1 i te -6  

S t e l l i t e - 6  

S t e l  1 i te -6  

S t e l  1 i te -6  

S t e l  1 i te -6  

Bel 1 ows 

316SS 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

DNA 

DNA 

DNA 

0 NA 

DNA 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Inconel  600 

Primary 

Seals 

Secondary 

Bel 1 ows 

Bellows 

Bel 1 ows 

Bel lows 

Bel lows 

Bel lows 

Bel 1 ows 

Bel 1 ows 

Bel 1 ows 

Gasket 

Sasket 

Gasket 

We1 ded 

We1 ded 

Bel 1 ows 

Bel  1 ows 

Bel  1 ows 

Bel 1 ows 

Bel 1 ows 

Bel lows 

Bel 1 ows 

Bel 1 ows 

Bel 1 ows 

Bel lows 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

DNA 

DNA 

DNA 

DNA 

DNA 
Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 

Packing 



TABLE XIV-1 
D E S C R I P T I O N  OF V A L V E S  

(Sheet 3 o f  3) 

ETEC 
ID 

Number 

5276 
5277 
5278 
5279 
5 280 
5281 
5282 
5283  
5284 
5285 

Manufacturer’s 
Model Number 

Vel an 
Velan 
Velan 
Vel an 
Vel an 
Vel an 
Vel an 
Vel an 
Vel an 
Velan 

Size 
( i n . )  

1 
1 
2 
2 
3 
3 
4 
4 
6 
6 

- 
;DNA = does n o t  apply 
cMaximum working pressure ( p s i )  a t  1000°F 

ASME a l loy  c loses t  t o  actual composition 

Class 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

Straight Globe 
Straight Globe 
Straight Globe 
Straight Globe 
Straight Globe 
Straight Globe 
Straight Globe 
Straight Globe 
S t r a i g h t  Globe 
Straight Globe 

Body 

31655 
316SS 
316SS 
316SS 
316SS 
316SS 
316SS 
31655 
316SS 
316SS 

Stem 

31655 
316SS 
316SS 
316SS 
j6OSS 
j6OSS 
j6OSS 
360SS 
j6OSS 
j6OSS 

- 

Materials 

Seat 
Contact 
Surface 

Stel  1 i te-6 
Stel 1 i te-6 
Stel  1 
Stel 1 
S t e l l  
Stel 1 
Stel 1 
Stel  1 

te-6 
te-6 
te-6 
te-6 
te-6 
te-6 

S te l l i t e -6  
Stel 1 i te-6 

Bel 1 ows 

Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 
Inconel 600 

Seals 

Primary 

3ell ows 
3ell ows 
3ell ows 
3ell ows 
3ell ows 
?el lows 
3ell ows 
3ell ows 
?el 1 ows 
3ell ows 

Secondary 

Packing 
Packing 
Packing 
Packing 
Packing 
Packing 
Packing 
Packing 
Packing 
Packing 



Water flow charac te r i s t ics  are obtained with the t e s t  a r t i c l e  instal led in 
@e t e s t  section of the 10-in. (25.4-cm) loop of the HTF ins ta l la t ion  using 

Vitaulic couplings. 
f u l l y  open posit ion.  
drop i s  s e t  t o  20 * 0 .5  psid by adjusting the downstream control valve ( F C V - 1 1 ) .  
The system i s  allowed t o  s t a b i l i z e  a t  th i s  condition a n d  d a t a  are recorded. The 

pressure d rop  i s  then adjusted t o  17 .5  k 0.5  psid and  allowed t o  s t a b i l i z e ,  and  
the d a t a  are  recorded. A fur ther  adjustment i s  made t o  1 5  ? 0 .5  psig a n d  a f t e r  
s t ab i l i z ing ,  d a t a  are recorded. 

o f  nine d a t a  points. 
from zero t o  fu l l  flow by adjusting the F C V - 1 1  valve until  i t  i s  fu l ly  open. 
c i rculat ing system i s  then shut down a n d  the following Dlots are printed out ,  
u t i l i z ing  the computer and X - Y  p lo t t e r :  
(3)  downstream pressure ( P - 2 ) ,  ( 4 )  C v  vs flow, cavitation run, ( 5 )  f i  vs flow, 
cavitation run, ( 6 )  m v s  flow, cavitation run, and  ( 7 )  downstream pressure 
( P - 2 ) ,  cavi ta t ion run. If the t e s t  d a t a  are acceptable, the whole procedure i s  

repeated for  each 10% increment in valve position from fu l ly  open t o  10% open. 

The valve stroke i s  measured, and  the valve i s  s e t  in the 
Flow i s  then established th rough  the valve and the pressure 

This process i s  repeated three times fo r  a to ta l  

The 
The flow i s  reduced t o  zero a n d  then gradually increased 

(1) C v  vs flow, ( 2 )  fi vs flow, 

Sodium test ing o f  the 6-in. check valves i s  accomplished by closing 
Valve V-506 in the t e s t  loop, shown schematically in Figure XIV-2, a n d  adjusting 
Valve V-507 t o  control the flow ra te .  
clapper i s  achieved by closing Valve V-507 and reducing the pressure on the 
upstream side t h r o u g h  operation of the P-6 and  P-8 EM pumps in the reverse direc- 
t i o n .  Cycling o f  the valve i s  accomplished by cycling Valve V-507 under computer- 
control.  

Back pressure t o  close the t e s t  a r t i c l e  

C .  TEST RESULTS 

1. Results of Receiving Inspection 

All of  the valves were visually inspected, and  no reportable defects were 
found. All valves showed a bellows leak rate  of l ess  t h a n  1 x S C C  of helium 

ETEC-82- 1 
XIV-9 



per second, w h i c h  i s  the acceptable l imi t .  
a t  ambient temperature u s i n g  nitrogen a t  50 p s i g  w i t h  a sea t  load of 100 l b  per@ 
circumferential inch of  nominal valve s ize .  All of the globe valves met the 
leak r a t e  requirements and nine of  the ten gate valves were sa t i s fac tory .  

The seat leakage t e s t  was performed 

All of the valves were sa t i s fac tory  in b o t h  radiographic and liquid-penetrant 
examinations. 

2 .  F1 ow Characterist ics 

A to ta l  of ten Velan valves were tested in the HTF water flow loop. 
valve o f  each type (globe and gate)  of each s i ze  was tested between June and 
Augus t .  Table XIV-2 shows the on-line C v  values obtained from these valves. 
from the tests were l a t e r  reduced off- l ine;  more precise calculations o f  C 

made and presented in individual valve t e s t  reports.  

One 

Data 
were 

V 
On-line plots were produced 

T A B L E  XIV-2 
FLOW CHARACTERISTICS RESULTS 

Test Art ic le  
Type a n d  Size 

Globe l - i n .  
Globe 2 - i n .  
Globe 3-in. 
Globe 4 - i n .  
Globe 6 - i n .  

Gate l - i n .  
Gate 2 - i n .  
Gate 3-in. 
Gate 4-in. 
Gate 6-in. 

E- N um be r 

E-5276 
E-5278 
E-5280 
E-5282 
E-5284 

E-5216 
E-5269 
E-5265 
E-5267 
E-5263 

Measured Full - 
Open C v  

3.4 
13 
54 

115 
2 30 

20 
119 
398 

1386 
%400G 

Manufacturer’s Quoted 
Full -Open C,, 

a 
24 
45 
95 

230 

27 .2  
181 
425 
760 

2130 

ETE C-82 - 1 
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and mon i to red  t o  determine t h e  v a l i d i t y  o f  t h e  t e s t s  as performed. 

o f  t h e  d a t a  o r  p l o t s  ob ta ined ,  and no o p e r a t i o n a l  d i f f i c u l t i e s  were exper ienced.  

The 3 - i n .  (7.62-cm) v a l v e s  were t e s t e d  i n  August, a f t e r  which t h e  program was 

suspended because o f  budget c o n s t r a i n t s .  

F i g u r e  XIV-10. 

T y p i c a l  p l o t s  

No s e r i o u s  anomalies were observed i n  any @e shown i n  F i g u r e s  XIV-3 th rough  - 9 .  

A t y p i c a l  g lobe  v a l v e  i s  shown i n  

ETEC-44422 
FLOW (GAL/MIN) 

F i g u r e  XIV-3. 1 - i n .  Valve Flow T e s t  Curve 

3. Sodium Tests  

Two 6 - i n .  swing check va l ves ,  one Velan ( F i g u r e  XIV-11) and one Westinghouse 

( F i g u r e  XIV-12) were t e s t e d  i n  f l o w i n g  sodium a t  900°F (482OC). 

t e s t e d  f o r  4 8  h under these c o n d i t i o n s  and was s u b j e c t e d  t o  1500 r e v e r s i n g  

Each v a l v e  was 

ETEC-82- 1 

X I V - 1 1  



- 
q L  - 
n 
0 
U 
D 
w 
U 
3 
v) 
v) 
w 
U 
n 
LL 
0 
I- 
O 
0 
U 

U 

3 

w 

a 
z 

-POINTOF - 
INCIPIENT 
CAVITATION 

I I- 

0 200 400 600 800 1000 1200 1400 1600 

ETEC-44423 
FLOW (GAL/MIN) 

F i g u r e  XIV-4. 3 - i n .  Valve Flow Tes t  Curve 
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F i g u r e  XIV-5. 6 - i n .  Valve Flow Tes t  Curve 
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ETEC-44425 

Figure XIV-6. 1-in. Valve Flow Test Curve a t  100% Open 
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ET EC-44426 FLOW (GAL/MIN) 

Figure XIV-7. 2-in. Valve Flow Test Curve a t  100% Open 
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Figure XIV-8. 6 - i n .  Valve Flow Test Curve a t  70% Open 
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Figure XIV-9. 4 - i n .  Valve F l o w  Test Curve a t  80% Open 
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ADJUSTING SCREW 

CYLINDER ACTUATOR SPRING 

PISTON 

ACTUATOR STEM 

YOKE BELLOWS SEAL STEM 

STEM CLAMP STEM GUIDE 

STROKE PLATE TEFLON "V" PACKING 

GLAND FLANGE PACKING SPACER 

PACKING BOLTS STEM GUIDE 

YOKE CLAMPS TELL-TALE TAP 

ANTI-ROTATION PIN 

UPPER SEAL RING GASKET 

UPPER SEAL RING 

UPPER SEAL RING GASKET 

BELLOWS SEAL HOUSING 

BELLOWS SEAL 

BELLOWS SEAL BONNET 

UPPER HOUSING CLAMP 

STEM LOCK NUT 

LOWER HOUSING GASKET I L 
LOWER HOUSING CLAMP PLUG STEM 

SEAT RING BODY BONNET 

PLUG HEAD SPRING GUIDE RETAINER 

V A L V E  BODY LOWER GUIDE 

U 
ET E C-443 

U 

Figure XIV-10. Valtek Bonnet Extension with Bellows Sea 
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BONNET I 

HANGER 

ETEC44390 

F i g u r e  X I V - 1 1 .  Velan Swing Check Valve 

13.62 in. DIAM. MAX - 
(345.9) I t- 11.25 in. DIAM 

I BONNET I I I 

1 

RING Bo;)y \\ ARM 

STELLITE 156 

. 20.0 in. 
(508.0) 

c 

DIMENSION IN ( ) ARE MILLIMETERS 

F i g u r e  XIV-12. Westinghouse Swing Check Valve 
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XIV-16 

ETEC-44391 
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sodium flow cycles. 
Figure XIV-13 i s  a typical plot  showing flow ra tes  ranging from 0 

t o  560 gal/min (0.035 m / s )  for  each cycle and pressure drop of 1 psid (6.895 kPa) 
w i t h  flow o p e n i n g  the flapper and  -10 p s i d  (68.95 kPa) w i t h  pressure closing the 
flapper.  This was typical fo r  both valves. 

There were no malfunctions o r  problems experienced w i t h  
ther valve. 

3 

Upon completion o f  the l i f e  cycle t e s t ,  each valve was cleaned, disassembled, 

Using 40X magnification, 
examined f o r  wear, checked by radiography and l iquid penetrant, and sea t  leakage 
tested fo r  comparison against  the as-received condition. 
there was no evidence of wear o r  self-welding of facing par ts  on e i ther  valve. 

Radiography and dye-penetrant examination revealed no change i n  the body 
s t ructure .  
Westinghouse valve was well within the allowable r a t e ,  the Velan valve exhibited 
a serious leakage problem. 

However, the nitrogen sea t  leakage t e s t  showed tha t  though the 

The resu l t s  are  as  follows: 

Valve Seat leakage a t  100 p s i d  (scfh)  
6 - i n .  Swing Check Before Sodium Test After Sodium Test 

Wes t i  nghouse 0.8 7 . 0  
Vel an 11.6 500.0 
CRBR allowable - 210.0 

Further examination of the Velan valve showed tha t  the seal face o f  the flapper 
had a 0.002-in. (0.05-mm) dish d is tor t ion  from the f l a t .  Figure XIV-14 i s  a polar 
p lo t  showing the dis tor t ion.  

A tes t  was then performed on the Westinghouse valve w i t h  a 0.002-in. (0.05-mm) 
shim placed t o  simulate the warped condition o f  the Velan valve flapper.  
nitrogen leakage t e s t  was repeated, and a leak r a t e  of 400 scfh (11.32 m / h )  a t  
100 p s i d  (689.5 kPa) was observed. This was comparable to  the leak r a t e  o f  the 
Velan valve. From the resu l t s  of pr ior  water t e s t s ,  i t  i s  known tha t  the maximum 
available sodium flow o f  560 gal/min (0.035 m / s )  was not opening e i the r  of these 
valves f u l l y ,  b u t  i t  i s  reasonable to expect tha t  f u l l y  opened cycles would not 
have caused s igni f icant ly  greater  wear. 

The 
3 

3 
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Figure XIV-14. Clapper Flatness, 
Velan 6-in. Check Valve 

Both valves were cleaned with alcohol and  flushed with h o t  water a f t e r  

sodium test ing and before gas sea t  leakage tes t ing.  

4 .  Special Seat Leakage Tests 

Twenty-eight valves were tested a t  various l i ne  pressures from 50 t o  325 psig 
w i t h  various sea t  loads t o  determine the e f fec ts  of varying these parameters. One 

valve was tested with three d i f fe ren t  reworked seats  t o  investigate the effects  of 
s ea t  f in i sh  machining techniques and mating taper angles. All globe valves were 

ETEC-82- 1 
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purchased w i t h  ANSI 816.104 Class IV seat leakage requirements, which i s  the 
standard for  the control valve industry b u t  n o t  as s t r ingent  as i s  anticipated 
fo r  the intended service i n  sodium. 

The nitrogen pressurization system and leakage measuring equipment used for  
the i n i t i a l  receiving inspection and s ea t  leakage t e s t s  were ut i l ized for th i s  
se r ies  of t e s t s .  The valve p o r t  end plates were redesigned t o  accommodate the 
higher t e s t  pressures. 

The globe valve actuators were pressurized t o  provide 100, 200, 300, 400, 

and 600 l b  of force per circumferential inch of s ea t  contact except where limited 
by valve or actuator safe  l imi t s .  Line pressures were s e t  a t  50, 100, 200, and 
325 p s i g .  

The gate valve actuators were pressurized t o  provide a stem-to-disc force 
i n  accordance w i t h  the f o l l o w i n g  equation: 

Force = c (0 .3 P i n A d i s c  + PinAbe l lows  ) + t a re  

where 
P i n  = 325 psig,  Pout = 0 

= disc  seating area Adisc 
C = 1.0, 1.3, 1.6, or 1.9 as assigned (1.3 i s  generally used t h r o u g h -  

o u t  the valve industry) 

bellows spring force l e s s  the stem t ra in  weight. 
t a r e  = a measured force t h a t  includes actuator and packing f r i c t ion  and 

Globe valves with gross leakage exhibited only minor leakage reduction when 
seating force was increased as shown i n  Figure XIV-15. Globe valves with f ine  
leakage exhibited u p  t o  f i ve  decades' leakage reduction with increased seating 
force.  Typical resu l t s  a re  shown i n  Figure XIV-16. 
pressure from 50 t o  325 psig w i t h  0 psig back pressure was less  than  a one-decade 
increase in leakage. All t e s t s  were performed with l i ne  pressure applied under 
the plug and atmospheric pressure over the plug. 

The e f f ec t  of increasing l ine  
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ALLOWABLE DESIGN SEAT LOAD A T  1000°F 
639 Ib/CIRC. IN. A T  325 psig UNDER PLUG 
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Figure XIV-15. Seat Leakage Test,  6-in. Straight-Pattern Globe Valve 
(Valve E-2618 as received) 

ETEC-82-1 
XIV-21 
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F i g u r e  XIV-16. S e a t  Leakage Test, 6 - in .  Globe S t r a i g h t  
(E-2618, A-2743, Ground S e a t  1) 
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Gate valves showed very minor leakage change with an increase o f  seating 
ad and less  t h a n  a one-decade leakage increase with an increase o f  pressure 

from 50 t o  350 psid across the sea t .  Typical resu l t s  are  shown in Figure X I V - 1 7 .  

The small e f f ec t  on leakage o f  increased actuator force i s  a t t r ibuted t o  the f ac t  
t h a t  s ea t  loading i s  mostly created by the d i f fe ren t ia l  pressure acting on the 
disc  area.  

Tests performed on the globe valve with refinished seats  demonstrated t h a t  
truing of  the conical plug and s ea t  tapers coupled w i t h  improved assembly tech- 
niques r e su l t s  in s ign i f icant  reduction in sea t  leakage. 

105 

104 

VALVE E-5263 

LINE PRESSURE brig1 
UNDER PLUG 

050 
0 100 

A 325 

0 200 

I I I I I I I I  I I I I I I  
0 7  0 8  0 9  1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  

ETEC 44433 
DESIGN FACTOR 

Figure X I V - 1 7 .  S e a t  Leakage Test,  
6 - i n .  Gate (E-5263) 
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A.  

X V .  O R N L  P I P E  TEST 

P .  A R C H B O L D  
C .  M. N I G H T I N G A L E  

INTRODUCTION 

The t e s t  a r t i c l e  i s  a piece o f  Type 304 s ta in less  s tee l  pipe incorporating 
both a 0.375-in. (9.53-mm) wall a n d  a 0.5-in. (12.70-mm) wall without s t ructural  
discont inui t ies .  The purposes o f  the t e s t  a re :  

1) 

2 )  

, T o  provide creep-fatigue f a i l u r e  d a t a  on a pipe t h a t  i s  subjected 
t o  thermal ratchett ing loading 
To provide thermal ratchett ing d a t a  on Type 304 s ta in less  s tee l  
pipe under severe loading conditions fo r  validation of i ne l a s t i c  
analysis procedures a n d  computer codes. 

In  order t o  achieve control f o r  the thermal t ransients  w i t h o u t  subjecting 
the t e s t  a r t i c l e  t o  spurious t r i a l s  and t e s t  runs, a dummy t e s t  assembly having 
the same dimensions as  the f inal  t e s t  specimen was used t o  s e t  up  the control 
systems. This assembly was instrumented with embedded thermocouples in addition 
t o  the instrumentation t o  be provided on the f ina l  specimen. The centerbody was 
designed fo r  use with bo th  t e s t  assemblies and included embedded thermocouples 
fo r  use in the control c i r cu i t s .  

B .  TEST DESCRIPTION 

1. Fac i l i ty  

The Thermal Transient I J c i l i t y  ( T T F )  contains the piping and s t ructural  sup- 
ports necessary t o  produce thermal t ransients  using gaseous nitrogen, under 
specified mechanical load conditions, for  accelerated l i f e  t e s t s .  The system i s  

ETEC-82- 1 
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programmed t o  introduce cold gaseous nitrogen a t  controlled flow rates for  down- 
ramps. The nitrogen flow i s  computer controlled for  precise transient resul ts .@ 
Mechanical l o a d i n g  i s  accomplished hydraulically w i t h  cy1 inder loads controlled 
accurately by means of a "load maintainer." The load maintainer takes the 
hydraulic f lu id  from the f a c i l i t y  pump and can be s e t  up  to  provide t o  each 
cylinder the exact pressure t o  enable precise load application t o  the test  
a r t i c l e .  
load during tes t .  

Load c e l l s  are  used with each load cylinder for  monitor ing the applied 

Capacitive s t r a in  gages are used t o  measure the s t ra ins  induced, and thermo- 
couples monitor the temperature d i s t r i b u t i o n  across the t e s t  a r t i c l e .  
elements mounted external t o  the t e s t  a r t i c l e  are controlled i n  zones t o  provide 
correct  temperature d is t r ibu t ion ,  and a l l  parameters are monitored and printed as 
needed in the f a c i l i t y  control room. 

Heating 

2 .  Test Article 

The t e s t  a r t i c l e  consists of a s ingle  68-in. (1730-mm) length o f  reference 
heat 9T2796, Type 304 s ta in less  s teel  pipe w i t h  a 0.5-in. (12.70-mm) wall. The 
inside diameter i s  7.491 i n .  (190.59 m) ,  and machined into the outer wall of the 
specimen i s  a 1 2 - i n .  (305.3-m) gage length having a wall thickness o f  0.375 in .  
(9.53 mm). 
which the wall thickness is  tapered from 0.5 i n .  (12.70 mm) t o  0.375 in .  (9.53 mm) 
with a 6-in. (152.65-mm) f i l l e t  radius t o  blend the tapers into the gage length. 
Downstream of the gage length i s  a uniform 1 4 - i n .  (356.18-rmn) length w i t h  a wall 
thickness of 0.5 i n .  ( 1 2 . 7  mm) and an inside diameter o f  7.491 in .  (190.59 m) .  
The t e s t  section i s  welded into entrance and e x i t  flanges fo r  adapting t o  the 
t e s t  f a c i l i t y .  Extensions are  welded to  the t e s t  a r t i c l e  fo r  attachment o f  the 
loading mechanism, and t r a n s i t i o n a l  sections are welded t o  these extensions for 
attaching t o  the f a c i l i t y  piping system. 

On e i t h e r  end of the gage length i s  a 6 - i n .  (152.65-mm) l e n g t h  in 
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Figure X V - 1  shows the general arrangement of the t e s t  a r t i c l e  and the loca- 
@on o f  the  thermocouples. T h e  locations o f  the  high-temperature s t r a in  gages 

and the DEMEC-type tabs are  shown i n  Figure XV-2. Table X V - 1  provides a l i s t i n g  
of the t e s t  a r t i c l e  instrumentation. The centerbody instrumentation i s  shown in 
Figure XV-3. Both percussion-welded and brazed-in thermocouples are provided in 
order t o  assure t h a t  the control thermocouple selected can provide as rapid a 
response as possible a n d  produce repeatable t rans ien ts .  
control instrumentation are  capable of measuring and controll ing the load within 
~ 1 %  t h r o u g h o u t  the  t e s t .  

The load c e l l s  and 

3. Test Method 

A mechanical axial load of 180,000 lb  (0.80 M N )  i s  applied t o  the t e s t  

a r t i c l e  by means of a load maintainer and three hydraulic actuators in such a 
manner t h a t  the maximum bending moment across any section i s  less  than 2500 f t - l b  
(3389.5 N - m ) .  T h e  t e s t  a r t i c l e  i s  then heated t o  l l O O ° F  (593OC) a t  a r a t e  n o t  t o  
exceed 100°F/ h ( 5 6 O C /  h )  . 
downramp t rans ien t  i s  i n i t i a t ed  so t h a t  the downramp r a t e  a t  the inner wall i s  
60°F/s (33.3OC/s) from l l O O ° F  (593OC) t o  500°F ( 2 6 O O C ) .  After s tab i l iz ing  for  
approximately 1 h a t  5OO0F (26OoC),  the t e s t  a r t i c l e  i s  heated to l l O O ° F  (593OC) 
a t  a r a t e  n o t  t o  exceed 100°F/h ( 5 6 O C / h ) .  The temperature i s  s tabi l ized a t  t h i s  
level and held for  16 h .  A complete cycle takes 24 h .  

After the temperature stabi 1 i zes a t  l l O O ° F  (593OC) , a 

A t  every third cycle, the mechanical load i s  removed during the low- 
temperature hold period. 
bration, an axial load of 76,000 l b  (338 kN) i s  applied and then removed. The 
f u l l  axial load of 180,000 l b  (0.8 M N )  i s  then reapplied. 
and removals are made a t  a r a t e  of 60,000 lb/min (267 kfl/min). 
i s  shown in Figure XV-4. A t  the end o f  six cycles, twelve cycles, the f i r s t  
m o n t h ,  and every m o n t h  thereaf te r ,  when the t e s t  a r t i c l e  i s  a t  500°F ( 2 6 O O C )  and 
unloaded, the t e s t  a r t i c l e  i s  t o  be cooled t o  room temperature and the outer sur- 
face examined fo r  cracks using dye penetrant. If cracks become evident, they a re  
t o  be photographed, an axial load of 20,000 lb  (80 kN) applied, and a helium leak 
t e s t  performed. Testing will continue until f a i lu re  or for  a period of 1 year,  

To provide e l a s t i c  loading d a t a  for  s t r a i n  gage Cali- 

All load applications 
The t e s t  histogram 

/-, when a decision will be made on whether t o  increase the mechanical load. 
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Figure X V - 1 .  Type 304 Stainless  Steel Pipe Specimen for  Creep-Fatigue 
Failure and Thermal Ratchetting Test TT-6 
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Figure X V - 2 .  Strain-Measuring Instrumentation 
Used on the TT-6 Test Specimen 
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TABLE X V - 1  
INSTRUMENTATION FOR SPECIMEN TT-6 
Thermocouples* 

Outer pipe surface 
Capacitive gages i- 

Strain-measuring devices 
Capacitive gages 
DEMEC tabs 

TOTAL 

9 
18 

9 
16 

52 

- 

*A1 1 thermocoupl es a re  premi um-grade 
Chromel-Alumel except for  the Platinel 
thermocouples t h a t  are supplied w i t h  the 
capacit ive s t r a in  gages. The accuracy 
i s  +7”C ( k 1 3 O F ) .  

tFor each capacit ive strain gage, one 
thermocouple i s  mounted on the speci- 
men and one a d d i t i o n a l  thermocouple 
i s  mounted on the gage rod.  

c 

I I 1 1 ‘ AJ” B 

2 FLOW ANNULUS /? 
THERMOCOUPLES 

6 THROUGH-THE-WALL 
THERMOCOUPLES AT 
15’ INTERVALS 

SECTION A-A AND B-B 
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Figure XV-3. Central Section o f  Type 304 
Stainless  Steel Centerbody 
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C .  TEST RESULTS 

Ins ta l la t ion  of the t e s t  a r t i c l e  was s ta r ted  on December 4 ,  1980. Low- 
temperature s t r a i n  gages and HITEC capacitive gages were ins ta l led  adjacent to 
each other t o  enable cal ibrat ion of the capacitive gages. Loads were applied a t  
ambient temperature, 250°F ( 1 2 1 O C )  , and 4OO0F (204OC) , and comparative data 
obtained f o r  cal ibrat ion o f  the capacitive gages yielded good resu l t s .  The tem- 
perature was then increased t o  1000°F (538OC) and the capacit ive gages were con- 
ditioned throughout the load and temperature spectra.  
a r t i c l e  t o  various temperatures and performing load cycles a t  these temperatures, 
the s t resses  locked u p  in  the gage assemblies during in s t a l l a t ion  are removed. 

Table X V - 2  indicates the  manner i n  which nine HITEC Model HTC-DC-025-09 1/4- in .  
capacit ive gages were ins ta l led .  
was doubled by spacing the attachment welds 1/8-in. apar t .  Some gages were 
o f f s e t  t o  e i the r  the posit ive or negative end o f  travel before welding to  the 
t e s t  a r t i c l e  to  extend the range. 

By heating the t e s t  

For some o f  these gages, the measurement range 

The t e s t  sequence performed t o  achieve s tab i l iza t ion  was: 

1) 

2 )  

3) 

4 )  Cooldown t o  275OF (135OC) 

5 )  

6 )  

7 )  

Five load cycles a t  275OF (135OC) w i t h  a maximum load of 180,000 lb 
(0 .8  M N )  
Five load cycles a t  4OO0F (204OC) w i t h  a maximum load of 180,000 l b  
(0 .8  M N )  
Five load cycles a t  l l O O ° F  (593OC) w i t h  a maximum load of 180,000 l b  
(0 .8  M N )  

Five temperature cycles consisting of heatup t o  l l O O ° F  (593OC) 
followed by cooldown to  45OoF (232OC) 
Five load cycles a t  5OO0F (260OC) w i t h  a maximum load o f  180,000.lb 
(0.8 M N )  
Five load cycles a t  l lOO°F (593OC) w i t h  a maximum load o f  180,000 l b  
(0 .8  M N ) .  
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TABLE X V - 2  

GAGE I N S T A L L A T I O N  

m 
-I 

x r n  
< m  
I 1  c o c o  

r\j 
I + 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2442, 
Sec t .  B, 180 DEG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2443, 
Sec t .  B, 270 DEG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2444, 
Sec t .  B, 1 3 5  DEG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2445, 
Sect .  B, 3 1 5  DEG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2446, 
Sect. C,  0 DEG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cap S t r a i n  Gage WE-2448, 
Sec t .  C,  1 3 5  DEG 

CONF I GURAT I ON GAGE LENGTH B I A S  GAGE RANGE 

0- 32% 

0- 32% 

+ 8% - 

- 16-0% 

+ 8% - 

- 16-0% 



Typical examples of the s t r a in  gage data obtained are  shown in Figures XV-5 and 
@-6. 

On January 23, the t e s t  a r t i c l e  was heated to  1000°F (538OC) and a load of 
180,000 l b  (0.80 M N )  was applied t o  verify the set t ings of the  load maintainer 
and actuators and t o  assure tha t  any induced bending moment was within the allow- 
able  tolerance. Analysis of the data indicated tha t  the t e s t  section appeared t o  
have yielded as shown i n  Figure X V - 7 .  These data were discussed w i t h  O R N L ,  who 
had expressed a preference fo r  limiting the load to 100,000 l b  (0 .44  M N )  d u r i n g  

s t r a i n  gage conditioning since they anticipated some yield a t  1000°F (538OC). 
However, ORNL agreed t h a t ,  given the complete load-temperature his tory,  they 

could account f o r  this  event i n  their  analysis.  ORNL agreed t o  proceed w i t h  
t es t ing .  
a r t i c l e  was allowed t o  cool t o  275OF (135OC). 
achieved by heating the t e s t  a r t i c l e  to  l lOO°F (293OC), then cooling to 4OO0F 
(204OC) fo r  a to ta l  of f i ve  cycles.  
a ture  obtained. 

After f i v e  cycles a t  l l O O ° F  (593'C), the load was removed and the t e s t  
Temperature cycling was then 

Figure XV-8 i s  a typical plot  of the temper- 

The apparent s t r a i n  correction factor  was determined by performing a leas t -  
squares curve f i t  of Cycle 5 s t r a i n  gage data vs temperature data.  
seen from Figure XV-9 tha t  the temperature difference between the t e s t  a r t i c l e  
and the HITEC gage rod was within +5OF. The e f f ec t  on the apparent s t r a i n  cor- 
rection a t  this level i s  negligible.  Figure XV-10 i s  a plot  of apparent s t r a i n  
data from the f i v e  temperature cycles during cooldown w i t h  no load applied. 
p lo t  demonstrates the repeatabi l i ty  obtained and is  typical of the data obtained 
d u r i n g  cooldown from l l O O ° F  (593OC). The f ina l  steps i n  the s t ab i l i za t ion  process 
were load cycles performed a t  both 500°F ( 2 6 O O C )  and l l O O ° F  (593OC). 
a n d  XV-12 are  typical plots  of data obtained d u r i n g  these t e s t s .  

I t  can be 

This 

Figures X V - 1 1  

Table XV-3 l i s t s  the anomalies observed during the gage conditioning pro- 
cedure and i l l u s t r a t e s  tha t  Gages WE-2442 and WE-2443 consistently had problems. 
The problems were found to  be originating i n  the power supplies and signal con- 
d i t ioner  mode cards. New cards were ins ta l led ,  and a second ser ies  of cycling 
t e s t s  was performed to  verify the performance of these gages. 
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F i g u r e  XV-10. ORNL Thermal Cyc les 
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T A B L E  XV-3 
!,NOMALOUS DATA 

- ~ 

Test 

275°F 
Load Cycles 

400°F 
Load Cycles 

1100°F 
Load Cycles 

Temperature 
Cycles 

5OOOF 
Load Cycles 

1100°F 
Load Cycles 

Gage 

WE- 2445 

WE-2447 

No Problems 

WE-2443 

WE-2446 

WE-2442 

WE-2443 

WE- 2442 

WE- 2442 

Cornmen t 

Posit ive response to  load, while 
corresponding r e s i s t .  gage 
responds negatively. Magnitude 
OK. 

No response t o  load. 

Gage dr i f ted  posit ively by 
120,000 microstrain dur ing  f ive  
cycles . 
Large s h i f t s  i n  output ( G O O  ME) 
between Cycles 3 and 4. 

Large change i n  shape o f  curve 
between Cycles 2 and 3. 

Shape of curve sh i f t ing  through- 
o u t  a l l  f i ve  cycles. 

No response t o  load 

Responded t o  load, b u t  large 
d r i f t  throughout t e s t .  

1) 

2) 

Two temperature cycles - Heatup t o  llOO°F (593OC) followed by 
cooldown t o  45OoF (232OC) 
Two l o a d  cycles a t  llOO°F (593OC) w i t h  a maximum load  of 100,000 lb  
(0.44 M N ) .  

The resu l t s  were s t i l l  unsatisfactory,  and fur ther  changes were made i n  the s ig-  
nal conditioning equipment. 
m u m  o f  100,000 l b  (0.44 M N )  were followed by cooldown t o  4OO0F (204OC). 
performed s a t i s f a c t o r i l y ,  and the apparent strain and temperature corrections 

Two more load cycles a t  l l O O ° F  (593OC) up t o  a maxi- 
All gages 
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were determined. 
@- HITEC gages: 

These values were used in the following d a t a  reduction equation 

S = B*C + A - F ( T )  - ( a  * A T )  

where 
S = s t r a i n  gage o u t p u t  corrected for  apparent s t r a i n  and d i f fe ren t ia l  

B = slope coeff ic ients  t o  convert counts t o  uncorrected gage o u t p u t  

C = s t r a i n  gage counts as stored on d a t a  tape 
A = intercept  coeff ic ient  i n  microstrain 

temperature e f fec ts  

i n  microstrain 

F ( T )  = apparent s t r a i n  correction in microstrain, up t o  sixth-order 

function o f  temperature ( F )  

mi cros t r a i  n / O F  

ing r o d  ( O F ) .  

a = mean coeff ic ient  of thermal expansion for  s ta in less  s tee l  = 9 .7  

AT = di f fe ren t ia l  temperature between pipe surface and HITEC compensat- 

1 Fi r s t -  t h r o u g h  sixth-order least-squares curve f i t s  were made for each capacit ive 
s t r a i n  gage; from the curve t h a t  best f i t  the d a t a  over the required temperature 
range 5OO0F ( 2 6 O O C )  t o  l l O O ° F  (593'C), the apparent s t r a in  corrections were 
obtained as shown in Table XV-4. 

Figure XV-13 i s  a typical plot  of d a t a  and b e s t - f i t  l ine  using d a t a  from the 
Cycle 5 cooldown. This cycle was used for  a l l  gages except WE-2442 and WE-2443. 
Data fo r  these gages were taken during the f inal  cooldown on February 1 2 ,  1981. 

As a f ina l  check t h a t  the apparent s t r a in  correction was val id ,  d a t a  from 
the f ive  temperature cycles were processed using the equation shown above. 
ure XV-14 i s  a typical plot  of the r e su l t s  obtained during b o t h  increasing and 
decreasing temperature phases. 

Fig- 
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TABLE X V - 4  
ORNL THERMAL RATCHETTING TEST 

APPARENT STRAIN EQUATION COEFFICIENTS 

Gage I d e n t i f i c a t i o n  

WE- 2440 

WE-2441 

WE-2442 

WE-2443 

WE-2444 

3 A 
__ 

AO Al A2 

2778.875 14.83378 - .2060015 E - 1  .lo33400 E-4 

-75147.30 570.0233 - . 1565884 .2093907 E-2 

- 1  139.879 8.242205 - .i491375 E - 1  .6970417 E - 5  

4085.054 6.208152 - .I686036 E - 1  .7511185 E-5 

-7683.208 29.66277 - .5834512 E - 1  .SO46738 E-4 
- 

WE-2445 

WE-2446 

-10726.05 52.06448 - .lo89189 .lo08528 E-3 

2046.797 2.89 13 13 .I335055 E-2 

A4 

WE-2447 

WE-2448' 

- . I363777 E-5 
-. 

! 

79595.05 - 606.6965 1 .820509 -.2700351 E-2 

-14151. 71 113.3261 - .3562362 .5370617 E-3 

- .3439070 E'-7 

.1967924 E-5 

5 A 

3452633 E-9 
.- 

-1078559 E-9 
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On February 17, 1981, t e s t i n g  was s t a r t e d  w i t h  a down t rans ien t  i n  accordance 

w i t h  Tes t  Procedure TP-42-PA-012. Heatup was i n i t i a t e d  so t h a t  t h e  t r a n s i e n t  

c o u l d  be per formed a t  8 a.m,, thus a l l o w i n g  f o r  o n e - s h i f t  o p e r a t i o n  on a 24-h 

cycle. The first downtransient was completed on February 18 and a second tran- 
s i e n t  was per formed on February 19. 

a l o a d  c y c l e  i n  accordance w i t h  t h e  h is togram. 

i t  looked good, a second s e r i e s  o f  t h r e e  cyc les  was performed, f o l l o w e d  by a 

l o a d  c y c l e  and cooldown t o  ambient temperature i n  accordance w i t h  t h e  h is togram.  

Dur ing  t h e  s i x t h  c y c l e  h igh- temperature h o l d  pe r iod ,  t h e r e  was a f a c i l i t y  power 

d i p  t h a t  r e s u l t e d  i n  a l o a d  decay from 180,000 t o  163,000 l b  (0.80 t o  0.72 MN) 

over  a p e r i o d  of 3 h. Th is  event  was r e p o r t e d  t o  ORNL, and they  agreed t o  com- 

p l e t i o n  o f  t h e  s i x t h  c y c l e  as scheduled. Examinat ion o f  t he  da ta  a t  t h i s  t ime  

showed a maximum accumulated t o t a l  s t r a i n  o f  about  2%, as shown i n  F i g u r e  XV-15. 

Three t r a n s i e n t s  were completed, f o l l o w e d  by 

The da ta  were rev iewed and, s i n c e  

A f t e r  cooldown, t h e  t e s t - s e c t i o n  d iameter  was measured a t  seve ra l  l o c a t i o n s ;  
t h e  r e s u l t s  a r e  shown i n  Tab le  X V - 5 .  A dye-penet ran t  examinat ion  o f  t h e  o u t s i d e  

s u r f a c e  showed no ev idence of c rack ing .  S o i l  t a b  da ta  were taken us ing  an i n s t r u -  

ment s u p p l i e d  by ORNL. 

v e r y  good agreement. Based on t h e  r e s u l t s  of t h i s  examinat ion,  which were t r a n s -  

m i t t e d  t o  ORNL, a u t h o r i z a t i o n  was ob ta ined  t o  proceed w i t h  a second s e r i e s  o f  s i x  

c y c l e s .  ORNL a l s o  agreed t h a t  if us ing  t h e i r  i n s t r u m e n t  w i t h  t h e  s o i l  tabs  i n  a 

c i r c u m f e r e n t i a l  d i r e c t i o n  m i g h t  break o f f  t h e  tabs,  we cou ld  l i m i t  t h e  measure- 

ments t o  t h e  a x i a l  d i r e c t i o n .  

Comparison of t h i s  da ta  w i t h  the  s t r a i n  gage d a t a  showed 

Heatup f o r  Cyc le  7 was s t a r t e d  on March 4, b u t  because o f  another  f a c i l i t y  

power d i p ,  t h e  heaup was r e s t a r t e d  on March 5 i n  o rde r  t o  m a i n t a i n  t h e  24-h 

c y c l e  schedule.  The down t rans ien t  was per formed on March 6; then t h e  t e s t  was 

p u t  on h o l d  w i t h  t h e  t e s t  a r t i c l e  a t  5OO0F (26OOC) w h i l e  new t ransducers  were 

i n s t a l l e d  f o r  t h e  f l o w  measurements. Cyc le  9 was completed on March 11, a t  which 

t i m e  t h e  da ta  i n d i c a t e d  a maximum accumulated s t r a i n  o f  ~ 3 % .  The program was 

a g a i n  p u t  on h o l d  w h i l e  a n o i s e  problem on t h e  new t ransducers  was reso lved .  

T h i s  was accomplished by March 13, and heatup f o r  Cyc le 10 was i n i t i a t e d  on 

March 16. Cyc le  12 was completed by March 19, and cooldown was s t a r t e d  f o r  

mechanical i n s p e c t i o n  i n  accordance w i t h  t h e  h is togram. A n a l y s i s  o f  t he  da ta  
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Section B S t r a i n  Gages 
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TABLE X V - 5  

SUTSIDE DIAMETER MEASUREMENTS 
SECTION 

NO. DIAM- 
ETER 

a b C d e f 

6 HORlZ 8.175 8.176 8.171 8.178 8.182 8.205 
I I I I I 

VERT 8.172 8.175 - 8.187 8.187 8.196 

HORIZ 

VERT I I 
NOTE: SECTION C VERTICAL MEASUREMENT AND CENTER-SECTION 

MEASUREMENTS RESTRICTED B Y  TEST INSTRUMENTATION 

a b c  ' d e f  

A A Q 
\ I I V 
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r e v e a l e d  a temperature v a r i a t i o n  a long  t h e  t e s t  a r t i c l e  f rom llOO°F (593OC) t o  

850°F (454'C), which was found t o  be t h e  r e s u l t  of l o s s  of one hea t ing  element.@ 

T h i s  element was rep laced.  On March 23, t h e  o u t s i d e  d iameter  o f  t h e  t e s t  a r t i c l e  
was measured and dye p e n e t r a n t  was a p p l i e d .  C i r cumfe ren t ia l  c racks  were observed 

i n  t h e  l a s t  2 i n .  (5.08 cm) of t h e  downstream end on t h e  r i g h t  s i d e  l o o k i n g  f rom 

t h e  i n l e t  and near t h e  c e n t e r  of t h e  t e s t  s e c t i o n  on t h e  o p p o s i t e  s i d e .  

c racks  a r e  shown i n  F igu res  XV-16 and X V - 1 7 .  

ev idence o f  through-cracks.  

The 

Hel ium l e a k  t e s t i n g  produced no 

I 

On March 27, t h e  t e s t  a r t i c l e  was heated t o  5OO0F (26OoC), w i t h  no l o a d  

a p p l i e d ,  t o  p e r m i t  checkout  of t h e  oven and temperature a la rm system. 

31, heatup f o r  Cyc le  13 was s t a r t e d ,  and t h r e e  c y c l e s  were completed by A p r i l  3. 
Cooldown f o r  mechanical i n s p e c t i o n  was i n i t i a t e d  immedia te ly  a f t e r  t h e  l o a d  t e s t  

and measurements were taken , and dye-penet ran t  i n s p e c t i o n  was completed by 

was ground down a few thousandths of an i n c h  and p o l i s h e d .  

p e n e t r a n t  t e s t  i n d i c a t e d  t h e  c racks  were q u i t e  deep, b u t  a he l i um l e a k  t e s t  s t i l l  

showed no ev idence of th rough-crack ing .  The da ta  showed t h a t  t h e  maximum cumula- 

t i v e  s t r a i n  was s t i l l  below 4%. 

u s i n g  t h e  same load .  T h i s  s e r i e s  was completed by A p r i l  17, and cooldown was 

On March 

A p r i l  8. The r e s u l t s  i n d i c a t e d  a deepening of t h e  c racks ,  and an area o f  ~1 i n .  2 

A r e p e a t  o f  t h e  dye- 

ORNL a u t h o r i z e d  another  s e r i e s  o f  t h r e e  c y c l e s  

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

b u t  s t i l l  showed no ev idence of th rough-crack ing .  

reached 5% accumulated s t r a i n .  A d e c i s i o n  was made t o  per fo rm s i x  c y c l e s  b e f o r e  

t h e  n e x t  examinat ion .  Heatup f o r  Cyc le  19 was s t a r t e d  on A p r i l  27. F a i l u r e  

occur red ,  as shown i n  F i g u r e  XV-18, a f t e r  1 h i n  t h e  h igh- tempera ture  creep h o l d  

p e r i o d .  The f r a c t u r e  appeared t o  be t y p i c a l  of a h igh- tempera ture  l ow-cyc le  

f a t i g u e  break.  The t e s t  a r t i c l e  was removed and t h e  t e s t  s e c t i o n  was s e n t  t o  

ORNL f o r  a n a l y s i s .  

I n d i c a t i o n s  were t h a t  t h e  c racks  had con t inued  t o  grow 

A t  l e a s t  one s t r a i n  gage had 

On June 1, 1981, a new specimen c o n s i s t i n g  of a 30- in .  (0.76 m) s e c t i o n  o f  

0 .375- in .  (0.95-cm) w a l l  Type 304 s t a i n l e s s  s t e e l  p i p e  was r e c e i v e d  f rom ORNL. 

The o r i g i n a l  ex tens ion  spoo ls  were c leaned up and weld-prepped t o  accommodate 

t h i s  30- in .  (0.76-m) s e c t i o n  and m a i n t a i n  the  o r i g i n a l  o v e r a l l  l e n g t h .  Sleeves 

were f a b r i c a t e d  and i n s t a l l e d  t o  p r o t e c t  t h e  new welds f rom d i r e c t  e f f e c t s  of t h e  
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F i g u r e  XV-16. Onset o f  Sur face Crack ing,  R i g h t  Side, Viewed f rom I n l e t  
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Figure XV-17. Onset of Surface Cracking, Left Side, Viewed from In le t  
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Figure XV-18. Failed Test Art ic le  
A 
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t ransient .  Instal-  

l a t i o n  o f  this assembly was i n i t i a t e d  on July 14, 1981, and by August  14,  insta 
la t ion  a n d  checkout of the instrumentation was completed. 
arrangement of the available capacit ive s t r a i n  gages tha t  had been agreed to  by 
ORNL. 
these gages. 

Figure XV-19 i l l u s t r a t e s  the composition of Test Art ic le  2 .  

Figure XV-20 shows the 

They fur ther  requested tha t  a modified procedure be used to  condition 

The modified procedure consisted of the following steps:  

1) 
2 )  
3 )  

Bake out a t  275OF (135OC) f o r  24 h .  

Perform f i v e  load cycles a t  275OF (135OC). 
Perform f ive  load cycles a t  l lOO°F (593OC). 

The load l imitat ion requested fo r  s tab i l iza t ion  load cycles was 75,000 l b  
(0.33 M N )  to ta l  load. Dur ing  the i n i t i a l  load cycles a t  275'F (135OC), the load 
was allowed to  go to  the f u l l  t e s t  load. of 180,000 lb (0.80 MN) .  There was evi- 
dence t h a t  the specimen yielded, and ORNL was advised. Data will be made avai l -  
able fo r  factoring in to  the analysis.  Strain gage conditioning was completed by 
September 1 2 ,  when heatup to l l O O ° F  (593OC) was s t a r t ed ,  and as soon as the tem- 
perature- had s tabi l ized a t  l l O O ° F  (593OC), the f i r s t  downtransient was performed. 
Testing then continued i n  accordance w i t h  the histogram shown i n  Figure X V - 4 .  
After the th i rd  cycle,  the load was cycled as a check on the cal ibrat ion of the 
capacit ive s t r a i n  gages. The gages seemed to be f u n c t i o n i n g  a s  expected and 
cycling was resumed. The f i f t h  cycle was completed on September 18, and the t e s t  
a r t i c l e  was maintained a t  5OO0F (26OOC) until  September 20, when heatup was in i -  
t i a t ed  f o r  the s i x t h  cycle. 

After completing the s i x t h  cycle,  the load was again cycled i n  accordance 
w i t h  the t e s t  histogram. 
load cycle; then the t e s t  a r t i c l e  was held a t  5OO0F (260OC) from September 25 t o  
September 28. 
a load cycle was performed; then Cycle 13 was completed. The t e s t  a r t i c l e  was 
held a t  5OO0F (26OOC) a t  the end of Cycle 13 until  October 4 a t  10:03 a.m., when 
heatup was s ta r ted  fo r  Cycle 14. 

Three more cycles were performed, followed by another 

Star t ing on September 28, Cycles 10, 11, and 12  were completed and 

A t  1:56 a.m. on October 5, the load cylinders 
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extended f u l l y ,  i n d i c a t i n g  a f a i l u r e .  

October 6, t h e  oven had been removed. The f a i l u r e  was found t o  be i n  t h e  ex ten  

T h i s  spool  was p a r t  o f  t h e  

Cooldown was s t a r t e d  immediate ly  and by 

t h e  upstream end of t h e  t e s t  s e c t i o n .  s i o n  spool  on 

o r i g i n a l  t e s t  

t r a n s i e n t  cyc 

t e s t  s e c t i o n .  

and t h e  c e n t e  

a r t i c l e  s u p p l i e d  by ORNL and had been exposed t o  a t o t a l  o f  32 

es. The f r a c t u r e  looked s i m i l a r  t o  t h e  f r a c t u r e  i n  t h e  o r i g i n a l  

Dye p e n e t r a n t  was a p p l i e d  t o  b o t h  upstream and downstream spools  

t e s t  s e c t i o n .  There was no evidence of c r a c k i n g  - i n  t h e  t e s t  sec- 

t i o n ,  b u t  b o t h  spools  had w e l l - d e f i n e d  c racks  s i m i l a r  t o  those exper ience i n  t h e  

o r i g i n a l  t e s t  a r t i c l e  b e f o r e  f a i l u r e .  

f a c i l i t y  p i p i n g ,  and replacement spoo ls  have been f a b r i c a t e d  and w i l l  be welded 

t o  t h e  t e s t  s e c t i o n  t o  a l l o w  t e s t i n g  t o  c o n t i n u e  t o  f a i l u r e .  

The t e s t  a r t i c l e  was removed f rom t h e  

P l o t s  f o r  t h e  completed c y c l e s  have been t r a n s m i t t e d  t o  ORNL, a long  w i t h  a 

d u p l i c a t e  tape  o f  t h e  t e s t  data,  t o  enable an a n a l y s i s  o f  t h e  spool  f a i l u r e .  

Data f rom thermocouples mounted i n  t h e  v i c i n i t y  o f  t h e  break a r e  reco rded  on t h e  
tape and should p r o v i d e  i n f o r m a t i o n  on what l e v e l  of t r a n s i e n t  was exper ienced a t  

t h e  l o c a t i o n  o f  t h e  break. 

ETEC-82-1 

XV-26 



XVI. SODIUM-TO-GAS LEAK DETECTION 

K .  A .  DAVIS 

A. INTRODUCTION 

D u r i n g  recent years,  a number of t e s t  programs have been performed a t  ETEC 
t o  enable the select ion of candidate leak detectors for  LMFBR applications.  
t e s t s  were designed t o  evaluate the basic functional capabi l i t i es  of these 
detectors.  
placed in a long-term t e s t  in a practical  operating plant environment t o  provide 
performance data under these conditions. 
design o f  sodium leak detection systems, writing procurement specifications,  and 
w r i t i n g  operating g u i  del ines.  

The 

I n  1977,  two aerosol -type detectors ,  which appeared qual i f i e d ,  were 

These d a t a  were needed t o  enable the 

The present t e s t  a r t i c l e s  are sodium ionization-type aerosol detectors ,  one 
from each of two manufacturers, a n d  plugging f i l t e r - type  aerosol detectors ,  two 
from one manufacturer. 

6.  TEST DESCRIPTION 

1. Fac i l i ty  

Since the EBR-I1 i s  an operating LMFBR plant and could provide the desired 
t e s t  conditions, i t  was selected as the s i t e  f o r  the t e s t s .  The detectors moni- 

t o r  the gas in the upper plenum region of two sodium-heated steam generators. A 
diagram of the gas flow c i r c u i t  t h r o u g h  the detectors i s  presented in Figure XVI-1 
Each of the " 1 / 4 - i n . "  s t a in l e s s  s t ee l  g a s  l ines  from the steam generators t o  the 
detectors i s  46 rn (150 f t )  long. 
continuously by a mu1 t i p o i n t  s t r ip -char t  recorder. The f i l t e r  analyzers are used 
t o  determine the aerosol concentration and chemical composition o f  a sample of  the 
gas t h a t  passes t h r o u g h  the detectors ( t e s t  a r t i c l e s ) .  These f i l t e r s  have the 
same charac te r i s t ics  as those used in the plugging f i l t e r  aerosol detectors.  

Signals from the four detectors are  recorded 
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The plugging f i l t e r  aerosol detectors ( P F A D )  were designed by the Atomics 
International Division of the Energy Systems Group of Rockwell International and  

were manufactured by Controls f o r  Industry. The detector consists of a gas flow 
system in which sample gas flows t h r o u g h  a f i l t e r  d i sc ,  across which i s  a d i f fe r -  
en t ia l  pressure transducer. I t  then flows on t h r o u g h  a valve a n d  flowmeter. The 
f i l t e r  i s  a 47-mm (1 .85- in . ) ,  0.8-llm pore s i ze  disc .  
discs were composed of a copolymer of ac ry lon i t r i l e  a n d  polyvinyl chloride.  
Since then, f i l t e r s  composed of mixed e s t e r s  of cellulose have been used because 
these provide lower "blank" values of sodium. In operation, a constant gas  flow 
of 83 x m3/s (305 in .  / m i n )  i s  established, a n d  in the absence of  any par- 
t i cu l a t e s  becoming entrained on the f i l t e r ,  the pressure across the f i l t e r  remains 
constant. Any par t iculates  in the gas  stream cause plugging of the f i l t e r ,  a n d  
t h i s  i s  indicated by a d i f fe ren t ia l  pressure r i s e .  An o u t p u t  signal fo r  record- 
ing i s  provided. The f i l t e r  disc  i s  eas i ly  removable for  analysis t o  ident i fy  
the deposited material .  

Until March 1980, these 

3 

The sodium ionization detector (SID) was developed and manufactured by the 
Nuclear Instrumentation and Control Department of Westinghouse Electr ic  Corpora- 
t ion for  use as a sodium leak detector.  The detector consis ts  of a sensor and  
an "electronics module" t h a t  provides sensor power and the current measuring 
instrumentation. 
a h o u s i n g  t h r o u g h  w h i c h  sample gas  i s  passed. The plate i s  e l e c t r i c a l l y  charged 
negative re la t ive  t o  the filament so t h a t  in the absence of sodium (or any other 
eas i ly  ionizable mater ia l )  arriving a t  the filament, the current i s  negligible.  
Upon contacting the filament, however, sodium i s  ionized and  the sodium ions 
flowing t o  the plate  r e su l t  in a small b u t  eas i ly  detectable current.  
t i v i t y  of the detector i s  quoted by the manufacturer as approximately "3  nano- 
amperes per nanogram of sodium per cm3 of gas." 
signal o u t p u t  and high and  low alarms. 

The sensor consists of a h o t  filament and a plate  enclosed i n  

The sensi-  

The detector provides a recorder 
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The s u r f a c e  i o n i z a t i o n  m o n i t o r  f o r  p a r t i c u l a t e s  (SIMP) i s  an i ns t rumen t  

Th is  i n s t r u m e n t  i s  s i m i l a r  i n  ope ’ ra t ing  p r i n c i p l e  t o  t h e  sodium 

developed and manufactured by Ex t ranuc lea r  L a b o r a t o r i e s  I n c .  f o r  a i r  p o l l u t i o n  

m o n i t o r i n g .  

i o n i z a t i o n  d e t e c t o r  desc r ibed  above. 

t o  t h e  v a r i o u s  sodium l e a k  d e t e c t o r  t e s t i n g  programs. 

T h i s  s i m i l a r i t y  l e d  t o  adding t h i s  d e t e c t o r  

3. Tes t  Method 

Sample gas a t  a r a t e  o f  1 5  l / m i n  i s  drawn c o n t i n u o u s l y  th rough each o f  t h e  

two l i n e s  f rom t h e  steam genera to rs  and i s  d i s t r i b u t e d  t o  each o f  t h e  i ns t rumen ts  

acco rd ing  t o  t h e  i n d i v i d u a l  i n s t r u m e n t  requ i rements .  Each i n s t r u m e n t  i s  mon i to red  

and a d j u s t e d  as needed acco rd ing  t o  a f i x e d  schedule t o  ensure p roper  o p e r a t i o n .  

The S I D  r e q u i r e s  occas iona l  f i l a m e n t  c u r r e n t  ad justments as t h e  f i l a m e n t  

r e s i s t a n c e  inc reases  w i t h  age. The o n l y  o t h e r  o p e r a t i o n a l  a c t i v i t i e s  a r e  v e r i -  

f i c a t i o n  t h a t  t h e  sample gas i s  f l o w i n g  th rough t h e  sensor  and an o p e r a t i o n a l  

v e $ i f i c a t i o n  a t  5-month i n t e r v a l s  by  i n j e c t i n g  a smal l  q u a n t i t y  o f  smoke i n t o  

t h e  gas sample stream. 

Otherwise,  t h e  o p e r a t i o n a l  a t t e n t i o n  needed i s  t h e  same as t h a t  f o r  t h e  S I D .  The 

PFADs r e q u i r e  p e r i o d i c  f i l t e r  rep lacement .  

t h e  f i l t e r s  were exposed t o  t h e  sample gas f o r  p e r i o d s  of 1 week. Each exposed 

f i l t e r  was s e n t  t o  ETEC f o r  examinat ion  c o n s i s t i n g  o f  v i s u a l  i n s p e c t i o n ,  we igh t  

ga in ,  and a n a l y s i s  f o r  sodium (and o t h e r  m a t e r i a l s  when t h e  need was e v i d e n t ) .  

L a t e r ,  t he  f i l t e r  exposure t ime  was inc reased  t o  2 weeks, and then i n  A p r i l  1979, 
t he  t ime  was inc reased  t o  4 weeks. S t r i p - c h a r t  r e c o r d i n g s  o f  t h e  S I D  and S I M P  

i o n  c u r r e n t s  and t h e  two PFADs’ d i f f e r e n t i a l  p ressu re  as a f u n c t i o n  o f  t ime  a r e  

t ransmi  t t e d  t o  ETEC weekly .  

The S I M P  does n o t  r e q u i r e  any f i l a m e n t  ad justment .  

A t  t h e  beg inn ing  o f  t h i s  t e s t  program, 

I n  a d d i t i o n  t o  t h e  f i l t e r s  i n  t h e  PFADs, t h r e e  a d d i t i o n a l  f i l t e r s  connected 

as shown i n  F i g u r e  X V I - 1  a r e  used t o  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on ae roso ls  

i n  t h e  sample gas and on the  use o f  f i l t e r s  f o r  a n a l y s i s .  

A l l  o f  t h e  da ta  ob ta ined  a r e  r e p o r t e d  month ly .  
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4 .  Test Results 

This t e s t  continues t o  provide a considerable-amount of useful d a t a  on the 
practical  aspects of operating sodium aerosol-type leak detectors in a typical 
sodium heat t ransfer  system. 
of t he i r  respective background s ignals  t o  be expected during periods of normal 
system operation and during periods of various levels of operating disturbances 
and plant maintenance a c t i v i t i e s .  
l imi t s .  The t e s t s  have also provided d a t a  on the e f fec t  of filament aging, the 
need for  filament current adjustment and the consequent signal disturbance, and 

the filament l i f e  expectancy. The performances o f  the SID and SIMP are s imilar .  
The significance i s  in the filament l i f e  expectancy. 
operated 7926, 6648, and 5448 h ,  respectively.  I n  th i s  t e s t  of the SIMP, the 
original filament i s  s t i l l  operating. I t  has operated 15,744 h a t  EBR-I1 in 
addition t o  several hundred hours a t  E T E C  prior t o  i t s  t ransfer  t o  EBR-11. The 
experiment on the d i f fe ren t  types of  f i l t e r  material shows t h a t  the mill ipore 
f i l t e r s  made of mixed es te rs  of cel lulose are  sa t i s fac tory  and enable a bet ter  
analytical  resolution (lower blank value) than  the Gelman f i l t e r s ,  which are com- 
posed of a copolymer of acry loni t r i le  and  polyvinyl chloride.  
the e f f ec t  of pore s i ze  on the d i f fe ren t ia l  pressure showed t h a t  the d i f fe ren t ia l  
pressure f o r  pores of 0.45 pm was 2.35 times t h a t  of pores of 0.80-1~m s i ze .  When 
the SID filament fa i led  a t  a b o u t  mid-year, the f a i lu re  was preceded by e r r a t i c  
operation for several days. This charac te r i s t ic  had been observed previously. 

T h e  t e s t  of the S I 0  a n d  SIMP has shown the nature 

Such information i s  of value in se t t ing  alarm 

The l a s t  three SID filaments 

A n  experiment on 

A t e s t  was performed t o  determine the e f fec t  of power f a i lu re  on the SID. 
resu l t s  showed t h a t  the ion current overshoot was no more than  38% upon restora- 
t ion of power and t h a t  recovery occurs within 15 min o r  l e s s .  
cern since there have been instances in which disturbances have caused very long 
(many hours ' ) recovery time. 

The 

This was of con- 

This e f f o r t  i s  being continued t o  provide a longer evaluation interval and 
t o  provide more d a t a  t o  improve the s t a t i s t i c a l  aspects of the d a t a .  
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X V I I .  INTERMEDIATE-SIZE INDUCER PUMP- I1  

W .  H.  MUNYON 

A .  INTRODUCTION 

The In te rmed ia te -S ize  Sodium Pump-I1 was t e s t e d  a t  t h e  Energy Technology 

I n s t a l l a t i o n  of t h e  pump i n t o  t h e  pump tank  began Engineerincj Center  (ETEC). 

February 19, 1981. Sodium t e s t i n g  was completed and sodium d ra ined  f rom t h e  

system on August 30, 1981. 

The purpose o f  t h i s  t e s t  program was t o  demonstrate t h e  a p p l i c a b i l i t y  o f  t h e  

pump inducer  concept  t o  l a r g e ,  h igh- tempera ture  sodium pumps. 

The t e s t  program i n c l u d e d  s t e a d y - s t a t e  performance t e s t s  over  wide ranges o f  
speed, f l o w ,  and sodium temperature.  Also i n c l u d e d  was a c a v i t a t i o n  t e s t  t o  

e s t a b l i s h  t h e  c r i t i c a l  n e t  p o s i t i v e  s u c t i o n  head (NPSH). Endurance t e s t s  a t  155% 
o f  t h e  c r i t i c a l  NPSH a t  95OoF and a t  an NPSH of 60 f t  a t  105OoF were a l s o  

per formed.  

The t e s t  a r t i c l e  was a m o d i f i e d  F a s t  F l u x  T e s t  F a c i l i t y  (FFTF) p r imary  pump. 

The m o d i f i c a t i o n  c o n s i s t e d  of r e p l a c i n g  t h e  s tandard  i m p e l l e r  w i t h  an i n t e g r a l  

i n d u c e r - i m p e l l e r  combina t ion .  Other  components t o  adapt  t h e  new i m p e l l e r  assembly 

t o  t h e  e x i s t i n g  FFTF pump were i n c l u d e d .  

The I S I P - I 1  pump was t e s t e d  a t  t h e  Sodium Pump T e s t  F a c i l i t y  (SPTF) d u r i n g  

FY 1981. An unmodi f ied  FFTF pump was t e s t e d  d u r i n g  1977 a t  t h e  same ETEC f a c i l i t y .  

B .  TEST DESCRIPTION 

1. F a c i l i t y  

The p r imary  f u n c t i o n  o f  t h e  SPTF i s  t o  t e s t  l i q u i d  sodium pumps. The t e s t  

pump i s  i n s t a l l e d  i n  a pump tank  t h a t  i s  p a r t  o f  a p i p i n g  l oop  housed w i t h i n  a 
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t e s t  building. The pump i s  controlled remotely from a control building. The 
flowing sodium loop i s  serviced by another loop used to control the sodium tem- 
perature. 
sodium. Various other systems support the operation o f  the sodium loop by p ro -  
viding purif icat ion and  sampling capabi l i ty ,  cover gas control ,  and temperature 
control.  Assembly, disassembly, a n d  cleaning o f  the t e s t  pump are  done in the 
Component Handling and Cleaning Fac i l i ty  ( C H C F )  located west o f  the SPTF.  The 
s t i f f l e g  derrick a t  the C H C F  i s  used fo r  handling the t e s t  pump and  other compo- 
nents. Figure XVII-1 shows the C H C F  and  s t i f f l e g  derrick in re la t ion t o  the 
SPTF.  

SPTF i s  also provided with tanks and piping fo r  adding and removing 

Descriptions of the major components and  systems a t  the SPTF are presented 
i n  the following paragraphs. 

a .  Main Flow Loop System 

The main flow loop (MFL)  system includes the main flow loop, the t e s t  pump,  
the feed l i ne  a n d  t a n k ,  the drain l i n e  a n d  t a n k ,  the sodium cooler,  a n d  piping. 
The main flow loop consists of 16-, 18-, a n d  28-in. (40.6- ,  4 5 . 7 - ,  and  71.1-cm) 
piping with f ive  butterfly-type control valves, a mixing t e e ,  a drain t e e ,  a 
cooler t e e ,  a venturi flowmeter, and a pressure reducing device. The permanent 

portion of the loop i s  18-in.-diarneter (45.7-cm) Type 304-H s t a in l e s s  s teel  pipe, 
arranged i n  a U-shape. The suction piping and discharge piping fo r  the pump have 
a configuration designed t o  hydraulically simulate the FFTF piping. 

The pump t a n k  serves as the  anchor point for  the main flow loop. Feed a n d  
drain tanks are  connected t o  the MFL by 12-in. (30.5-cm) piping. 

Excess heat generated in the main flow loop sodium by the t e s t  pump i s  
rejected t o  the atmosphere by the sodium cooler. 

ETEC-82- 1 
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The p i p i n g  i s  suppor ted  by  s p r i n g  hangers and t i e d  t o  t h e  b u i l d i n g  s t r u c t u r e  

by v i b r a t i o n  snubbers so t h a t  t h e  combina t ion  o f  hangers and snubbers a l l o w s  

c o n t r o l l e d  movement d u r i n g  thermal  expansion and c o n t r a c t i o n ,  as w e l l  as se ismic  

a c t i v i t y  . 

b. Component C lean ing  and Hand l ing  F a c i l i t y  

The CHCF p rov ides  t h e  c a p a b i l i t i e s  f o r  assembling, d isassembl ing,  c lean ing ,  

and h a n d l i n g  t h e  pump i n t e r n a l s .  

t h e  pump can be assembled and disassembled w h i l e  p r o t e c t e d  f rom t h e  elements. 

I n c l u d e d  i s  an ou tdoor  c l e a n i n g  tank  i n  which the  pump i n t e r n a l s  assembly can be 

immersed i n  an a l c o h o l  c l e a n i n g  s o l u t i o n .  

70- ton (63.5- Mg) d e r r i c k  capable of l i f t i n g  t h e  pump i n t e r n a l s  assembly (Q6 tons ,  

o r  ~ 6 0  Mg) o u t  of t h e  pump tank  i n  SPTF and t r a n s p o r t i n g  t h a t  assembly t o  t h e  
c l e a n i n g  tank  and i n t o  t h e  b u i l d i n g  th rough one o f  t h e  r o o f  hatches.  The b u i l d -  

i n g  has t h r e e  1 8 - f t  

t h e  hatches,  i s  a 4 0 - f t - h i g h  (12.2-m) assembly/disassembly ( A / D )  s t a t i o n  designed 

t o  h o l d  components of t h e  pump i n t e r n a l s  and p r o v i d e  personnel  access d u r i n g  

assembly and d isassembly ope ra t i ons .  

The f a c i l i t y  c o n s i s t s  o f  a b u i l d i n g  i n  which 

Mounted on t o p  o f  t h e  b u i l d i n g  i s  a 

2 2 (5.49-rn ) r o o f  hatches.  I n s i d e  t h e  b u i l d i n g ,  under one o f  

The b u i l d i n g  a l s o  has a b r i d g e  crane i n s i d e  w i t h  60- and 15- ton (54.4- and 
13.6-Mg) hooks t o  p e r m i t  h a n d l i n g  of component p a r t s  w i t h o u t  opening t h e  r o o f  

ha tch  t o  t h e  d e r r i c k .  

2 .  D e s c r i p t i o n  o f  Tes t  A r t i c l e  

The i n t e r m e d i a t e - s i z e  i n d u c e r  pump i s  an FFTF p r i m a r y  pump m o d i f i e d  by 

r e p l a c i n g  t h e  o r i g i n a l  i m p e l l e r  w i th  an inducer ,  a new i m p e l l e r ,  and o t h e r  com- 

ponents needed t o  adapt  t h e  e x i s t i n g  pump f o r  use w i t h  t h e  new pump r o t a t i n g  

e lements.  

ETEC-82-1 

XVII-4 



1 

Outwardly, the intermediate-size inducer pump i s  identical t o  the FFTF 
@totype pump previously tested a t  ETEC. Physical interfaces are  ident ica l ,  

and  functional interfaces  remain basically unchanged from the original FFTF 
configuration. 

The t e s t  a r t i c l e  i s  a v e r t i c a l ,  free-surface,  centrifugal pump designed t o  
3 del iver  14,500 gal/min (0.9148 m / s )  of 105OOF (565.6OC) sodium a t  a d i f fe ren t ia l  

head of 500 f t  (152.3 m ) .  
(167.6 m)  because the impeller h a d  n o t  been trimmed t o  achieve the design head. 

T h e  actual head produced by the pump was 550 f t  

I 

Included with the pump are:  (1) a ver t ical  wound-rotor drive motor, ( 2 )  a 
l iqu id  rheostat  t o  control motor speed, ( 3 )  an  o i l  lubrication system, ( 4 )  two 
control cabinets ,  a n d  ( 5 )  various pump-mounted instruments. 

The hydraulic end of the  pump ( impeller,  inducer, d i f fuser ,  sodium bearing, 
thermal sh ie ld ,  a n d  radiation sh ie ld)  i s  enclosed in a Type 304 s ta in less  s teel  
t a n k  Q35 f t  (10.7 m )  long and 7 f t  ( 2 . 1  m )  in diameter. T h e  internal parts are 
a lso s ta in less  s t e e l .  The upper bearings a n d  shaf t  seal are o i l  lubricated;  the 
lower bearing i s  a sodium-lubricated hydrostatic bearing. 

Figure XVII-2 i s  a simplified i l l u s t r a t i o n  of the general arrangement of 
major components in the pump. 
assembly via the internal suction elbow (located in d i rec t  l ine  w i t h  the suction 
n o z z l e ) ,  passes t h r o u g h  the elbow length, enters the inducer, and i s  directed t o  
the impeller eye traveling in an upward direct ion.  
flow velocity.  
d i f fuser  a n d  then the turning vane t h a t  converts velocity head t o  pressure head 
and redirects  the flow from a radial direction t o  a downward direct ion.  The 
high-pressure f lu id  then moves downward along the hydraulic discharge passage and 
ex i t s  from the pump t h r o u g h  the  discharge nozzle. 

In le t  s u c t i o n  flow enters the pump hydraulic 

The impeller increases the 
This flow i s  discharged radial ly  from the impeller and  enters the 
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F RE E -S U R FACE LE VE L 

SHIELD PLUG/SUPPORT 
CYLINDER ASSEMBLY I 

I HEATED 
ZONE 
25.t 

HYDROSTATIC BEARING (7.E 
(SOD I UM- LU B R I CATE D ) I 

DISCHARGE NOZZLE 

DIFFUSER 

BELLOWS SEAL 
(STAT1 C) 

75 f t  
1 rn) 

L M  EC-43053A 

Figure X V I I - 2 .  ISIP-I1 Sodium Pump - Simplified Illustration 

ETEC-82 - 1 
X V I I - 6  



Within the hydraulic assembly, a secondary flow pattern ex i s t s  in conjunc- 
n with the main flow described above. A t  the extreme bottom end of the d i f -  

fuser/turning vane assembly, Q.3% of the main flow i s  directed into the cavity 
formed by the pressure casing. 
upward between the casing and the diffuser/turning vane assembly walls into the 
bearing supply reservoir portion of the bearing s u p p o r t  housing. 
reservoir ,  flow i s  injected t h r o u g h  control o r i f i ce s  into the inner pressure 
pockets of the sodium-lubricated hydrostatic bearing. 
secondary high-pressure flow t h a t  the load-carrying capabi l i t i es  of the bearing 
are  developed a n d  l a t e ra l  support t o  the pump rotor i s  provided. 

~ 

This f lu id  i s  thoroughly mixed before flowing 
, 

From t h i s  

I t  i s  by means o f  t h i s  

3. Test Methods 

Performance t e s t s  of the I S I P - I 1  pump were conducted in a manner s imilar  t o  
those previously run on the FFTF prototype pump. 
t e s t s  were n o t  performed with the I S I P - I 1  pump. 

However, thermal t rans ien t  

a .  Sodium Melt and Heatup 

Melting of sodium in the drain a n d  feed tanks and  dry preheat o f  the main 
flow loop (MFL) and  pump t a n k  were accomplished by means of e lec t r ica l  t race 
heaters on the tanks and piping. Heatup t o  7OO0F (371.1OC) a n d  wetting were 
accomplished by pump rotation a t  MOO rpm. Melting of sodium in the drain and 
f e e d  t a n k s  was begun on  March 13, 1981. 

The main f l o w  loop, purification system, vent l i nes ,  and  other sodium system 
l ines  were also dry preheated t o  4OO0F (204.4OC) by means of e lec t r ica l  heaters.  

Dry preheat of the pump t a n k  was in i t i a t ed  on April 1 4 ,  1981 - a day ahead 
I t  required 180 h t o  bring the pump bearing temperature t o  40OoF. of schedule. 

Figure XVII-3 shows typical pump t a n k  a n d  bearing temperatures during the preheat 
period. The r a t e  of heatup was controlled so i t  would n o t  exceed 10°F (5.6OC) 

I 
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TEMPERATURES 

PREHEAT STARTED: APRIL 14, 1981, 1 1  p m .  
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Figure XVII-3. Test Article Preheat History 

per hour. 
period. 
breakaway torques. 
t o  ensure t h a t  pump shaf t  binding could be detected and corrected ear ly .  
shaf t  b i n d i n g  nor unusually h i g h  shaf t  breakaway torque was encountered a t  any 
time d u r i n g  the t e s t  program. 

Pump breakaway torque was measured a t  1 - h  in tervals  during the preheat 

The purpose of frequently checking shaf t  breakaway torque was 
Neither 

Pump shaf t  breakaway torque values were compared t o  ambient temperature 

b .  Testing Approach 

Testing proceeded from less  severe t o  increasingly severe conditions. Speed 
scans and 6low scans were performed a t  d iscrete  temperature levels from 7OO0F 

n 
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(371.1OC) t o  105OOF (565.6OC). 

and 950°F (510OC) a t  NPSH of 29 f t  (8.84 m) were also performed. 

A cavitation "head drop l imit"  t e s t  was performed 
95OoF (51OOC). Endurance runs a t  105OOF (565.6OC) a t  NPSH of 63 f t  (18.29 m )  

I 

Increase of sodium temperature i n  the flow loop was accomplished by heat 
i n p u t  due t o  pump work. 
speed and by u t i l i z i n g  the f a c i l i t y  sodium cooler. 

The sodium temperature was reduced by slowing the pump 

Pump head, f low,  e l ec t r i ca l  power consumption, a n d  efficiency were measured 
f o r  a l l  t e s t  conditions. Several of the c r i t i c a l  pump and f a c i l i t y  operating 
parameters were displayed on a TV screen and continuously updated for the conven- 
ience of the operators. 

Speed scans were r u n  a t  two system resistance values, R4 and R5. System 
resistance i s  defined as  a function of the flow divided by the pump speed ( Q / N )  

as follows: 

Resistance Flow/Speed (Q/N) 

R4 J 
= 13.063 gal/rev ( @ i ~ ~ ~ 8 r ~ ~ s  = 8.24 x m3/rev) 14500 gprn 

1110 rprn 

R5 3 
= 16.216 gal/rev ( 1 i ~ ~ ~ 6 r ~ ~ s  = 1.023 x m3/rev) 18000 gprn 

1110 rpm 

Changes i n  system resistance were accomplished by adjusting f ive  but te r f ly  valves 
i n  the main flow loop. The location o f  the MFL but terf ly  valves i s  shown schema- 
t i c a l l y  i n  Figure XVII-4. 

Flow scans (seven points) were run a t  sodium temperatures of 700°F (371.1OC) 
and 95OoF (51OOC). 
(0.5706 m3/s) t o  1GOOc) gal/min (1.1356 m / s )  by use of the f a c i l i t y  but terf ly  
valves while maintaining pump speed constant a t  1110 rpm.  

The flow ra t e  was varied i n  d iscrete  steps from %13800 gal/min 
3 

I 
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A f o u r - p o i n t  f l o w  scan a t  95OoF (510OC) was a l s o  performed t o  c a l i b r a t e  t h e  

stem r e s i s t a n c e  c h a r a c t e r i s t i c s  p r i o r  t o  pe r fo rm ing  t h e  c a v i t a t i o n  t e s t .  These 

d a t a  were used t o  p r e d i c t  t h e  c a v i t a t i o n  t e s t  i n i t i a l  f l o w  r a t e .  

The genera l  t echn ique  o f  p e r f o r m i n g  a f l o w  scan was t o  s e t  t h e  f l o w - d i v i d e d -  

The speed was then  reduced t o  

by-speed v a r i a b l e  ( Q / N )  t o  t h e  d e s i r e d  s e t  ' po in t  a t  a speed o f  750 rpm. 

speed was then  inc reased  t o  1110 rpm t o  t a k e  data.  

750 rpm t o  s e t  t h e  new v a l u e  of Q / N  and t h e  procedure repeated f o r  a l l  va lues  o f  

Q/N.  

a t  h igh  f l o w  condi t ions .  

The 

T h i s  techn ique  was employed t o  a v o i d  o p e r a t i n g  t h e  f a c i l i t y  b u t t e r f l y  va l ves  

c.  Adjustments t o  Data 

A c t u a l  pump o p e r a t i n g  c o n d i t i o n s  r a r e l y  e x a c t l y  match t h e  t a r g e t e d  o p e r a t i n g  

p o i n t s .  

o r d e r  t o  p r e s e n t  a l l  t e s t  da ta  on t h e  same b a s i s .  

The re fo re ,  t e s t  da ta  were a d j u s t e d  t o  t h e  t a r g e t e d  t e s t  c o n d i t i o n s  i n  

Speed scan da ta  p o i n t s  were a d j u s t e d  t o  t h e  s p e c i f i e d  t a r g e t e d  o p e r a t i n g  

speeds o f  600, 700, 800, 900, 950, 1000, 1025, 1050, 1075, and 1110 rpm. 

ever ,  eve ry  s p e c i f i e d  o p e r a t i n g  speed was n o t  achieved f o r  eve ry  t e s t .  

How- 

Flow scan da ta  and a d j u s t e d  c a v i t a t i o n  t e s t  data were a d j u s t e d  t o  1110 rpm. 

Data p o i n t s  o u t s i d e  o f  a band w i d t h  o f  ?7 rpm o f  t h e  s p e c i f i e d  o p e r a t i n g  speed 

were n o t  shown on t h e  da ta  p l o t s  un less  i t  i s  s p e c i f i c a l l y  noted t h a t  a l l  p o i n t s  
a r e  p l o t t e d .  

The f o l l o w i n g  n o t a t i o n s  a r e  used i n  t h e  express ions f o r  a d j u s t e d  parameters:  

N o  t a t  i on 

N = pump speed (rpm) 

Q = f l o w  r a t e  [ g a l / m i n  (n / s ) ]  

Head = t o t a l  head, [ft o f  sodium (m)] 

3 

PWR = t o t a l  i n p u t  power t o  main motor  (kW) 

ETEC-82-1 
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Greek L e t t e r s  

TI = e f f i c i e n c y  (%)  
p = d e n s i t y  [ l b / f t 3  (kg/m3)] 

Subsc r ip t s  

p = p r o j e c t e d  va lue  

m = measured va lue  

Flow Adjustments - Flow was a d j u s t e d  t o  t h e  s p e c i f i e d  o p e r a t i n g  speed as 

f o l l o w s :  

Q P =Qmk) 
Head Adjustments - The a d j u s t e d  t o t a l  head shown p l o t t e d  i n  t h e  da ta  curves 

was a d j u s t e d  t o  t h e  s p e c i f i e d  speed as follows: 

2 
Head P = Headm ()-) 

Power Adjustments - The measured power t o  d r i v e  t h e  pump i s  t h e  t o t a l  main 

motor  i n p u t  power, which i n c l u d e s  l i q u i d  r h e o s t a t  l osses .  

power, ' t h e r e f o r e ,  cannot  be p r o j e c t e d  from the  (speed r a t i o )  

common p r a c t i c e  f o r  c e n t r i f u g a l  pumps. 

The measured i n p u t  
3 r e l a t i o n s h i p  as i s  

An e m p i r i c a l  r e l a t i o n s h i p  e s t a b l i s h e d  f o r  FFTF p r o t o t y p e  pump t e s t i n g  was 

used t o  p r o j e c t  measured pump power t o  t h e  s p e c i f i e d  speed and temperature as 

f o l l o w s :  

1.895 [l + 9.8(10-6)(T - 70)] 
( 3 )  P [I1 + 9.8(10-6)(Tm - 70)] 
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Equat ion 3 was shor tened f o r  t h e  ISIP-I1 program as f o l l o w s :  

Q 
1.895 p 

PWR P = PWR, (5) (0 (4) 

Temperature adjustments were l e s s  than  10°F (5.6OC) f o r  a l l  data;  t h e r e f o r e ,  t h e  

temperature adjustment  f a c t o r  o f  Equat ion 3 became ve ry  sma l l .  

f a c t o r  was l e f t  i n  Express ion 4 as  a temperature c o r r e c t i o n .  

The d e n s i t y  r a t i o  

Curve F i t s  and P l o t s  - The performance curves were cu rve  f i t  w i t h  a b e s t - f i t  

computer-generated equa t ion .  The c u r v e - f i t  equa t ion  g e n e r a l l y  was i n  t h e  form of 

a second-order po l ynomia l ,  even though t h e  pump a f f i n i t y  laws m i g h t  i n d i c a t e  t h a t  

ano the r  form was more a p p r o p r i a t e .  There fo re ,  c a u t i o n  shou ld  be e x e r c i s e d  i n  

u s i n g  t h e  c u r v e - f i t  equat ions t o  e x t r a p o l a t e  t h e  da ta  beyond t h e  t e s t  va,lues. 

The d a t a  p resen ted  i n  t h e  speed scan and f l o w  scan p l o t s  a r e  s t e a d y - s t a t e  

Speed scan d a t a  were s e l e c t e d  f o r  p o i n t s  w i t h i n  *7 rpm o f  t h e  s p e c i f i e d  da ta .  

o p e r a t i n g  speed. 

f i e d  Q/N t a r g e t  v a l u e  were s e l e c t e d .  

Flow-div ided-by-speed ( Q / N )  p o i n t s  w i t h i n  ~ 0 . 7 5 %  o f  t h e  s p e c i -  

T r a n s i e n t  da ta  a r e  thus e l i m i n a t e d .  

C .  TEST RESULTS 

1. Chronology o f  Events 

An ove rv iew  of t h e  chronology o f  t e s t  a c t i v i t y  i s  presented i n  Tab le  X V I I - 1  

Four b a s i c  types o f  t e s t s  (speed, scans, f l o w  scans, c a v i t a -  and F i g u r e  XVI I -5 .  
I 

t i o n  t e s t s ,  and endurance r u n s )  a t  s i x  d i s c r e t e  sodium temperature l e v e l s  were 

performed. The t e s t  m a t r i x  i s  shown i n  Table X V I I - 2 .  

8 
I 

I 
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02/ 19/81 

02/ 2 2 -23 

04/ 14 
03/05 

05/ 19 

05/26 

06/05 

06/ 13 

06/16-21 

06/19-20 

06/20 

06/21 

06/ 2 3-24 
06/28 

0 6/ 28 - 29 

06/29 

06/30 

07/02 

0 7/ 02-03 

07/ 03-05 

07/08 

0 7/ 09-10 

07/ 10-12 

07/ 12 

07/15 

07/ 16 

07/21 

T A B L E  X V I I - 1  

ISIP-I1 PUMP TEST CHRONOLOGY OF EVENTS 
(Sheet 1 of 2 )  

Event 

Pump internals  ins ta l led  into pump t a n k  
Seventeen drums of shot loaded into pump t a n k  shot cavity 
In i t ia ted  pump t a n k  preheat 
Instal led drive motor o n t o  pump 
I n i t i a l  sodium load ( 4 O O O F )  t o  MFL. 
discovered. 
Started i n i t i a l  MFL sodium flush 
In i t ia ted  pony motor rotation of pump 
In i t ia ted  main motor rotation of pump 
Completed wetting of pump and  f a c i l i t y  system a t  7OO0F 
sodi um temperature 
Performed 7OO0F R4 Speed Scan 1 

Performed 7OO0F R5 speed scan 
Performed 7OO0F flow scan 
Performed 75OoF R4 speed scan 
Performed 850°F R4 speed scan 
Performed 95OoF R4 Speed Scan 1 

Performed 95OoF R 5  speed scan 
Performed 950°F R4 Speed Scan 2 

Performed 95OoF flow scan 
Performed 950°F cavitation cal ibrat ion flow scan 
Performed cavitation t e s t  
In i t ia ted  endurance run a t  NPSH = 29 f t ,  speed - 1110 rpm, 
flow = 14,500 gal/min 
Performed 1000°F R4 speed scan 
Performed 105OoF R4 speed scan 
Performed 48-h duration run a t  1O5O0F 

Returned t o  endurance run conditions a t  NPSH = 29 f t  
Performed 950°F R4 Speed Scan 3 

Returned t o  endurance run conditions a t  NPSH = 29 f t  
Replaced a section of pump t a n k  l ine.  
purqe. Restarted endurance run a t  NPSH = 29 f t .  

Leak a t  flow venturi 
Emptied MFL and  repaired leak. 

Reduced shaf t  seal 

ETEC-82- 1 
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T A B L E  XVII-1 
ISIP-I1 PUMP TEST CHRONOLOGY OF EVENTS 

(Sheet 2 of 2 )  

' 941.0 h 

1 . 3  h 
~ 

942.3 h 
~ 48.1 h 

07/25 

07/27-28 

07/28 
08/07 

08/11 

08/12 

081 13 

08/25 

08/26 

08/27 

08/28 
08/29 

08/ 30 
08/ 31 

Event 

Sodium leak discovered i n  purification system. 
speed t o  pony motor speed a n d  repaired leak. 
Performed 7OO0F R4 Speed Scan 2 

Returned t o  endurance conditions a t  NPSH = 29 f t  
Util ized Hewlett-Packard time interval counter t o  measure 
shaf t  speed. 
Increased NPSH to  86 f t  ( N  = 1110 rpm) fo r  UKAEA cavi ta t ion 
l i s ten ing  t e s t .  Returned to  endurance r u n  a t  NPSH = 29 f t .  
Performed UKAEA cavitation l is tening t e s t  a t  690 rpm, NPSH 
excursion. Returned t o  endurance run a t  NPSH = 29 f t .  
Completed UKAEA cavitation l is tening t e s t  a t  minimum main 
motor speed. 
Removed Hewlett-Packard counter used for  speed measurement. 
Par t ia l ly  completed H E D L  coastdown t e s t s .  Returned to  
endurance run conditions a t  NPSH = 29 f t .  
Par t ia l ly  completed H E D L  coastdown t e s t s .  Returned to  
endurance run conditions a t  NPSH = 29 f t .  
Completed H E D L  coastdown t e s t s  a n d  returned to endurance 
run conditions. 
Accumulated 942.3-h endurance run duration. 
Begin sodium system cooldown 
Perform A N L  flowmeter t e s t s  a t  40OoF. 
main motor noise t e s t .  
Perform A N L  flowmeter t e s t s  a t  60OoF. 

Perform H E D L  uncoupled main motor noise t e s t .  

Reduced 

S t i l l  on endurance run a t  NPSH = 29 f t .  

Returned to  endurance run a t  NPSH = 29 f t .  

Terminated endurance run a t  midnight. 

Perform H E D L  coupled 

Drain sodium system. 

Total Operating Time 

Pony motor only operation 
Main motor operation 

95OoF endurance r u n  (NPSH = 29 f t )  

Cavitation (NPSH (29 f t )  

1O5O0F endurance r u n  (NPSH = 60 f t )  

Incl u d i  ng : 

Total 

109.4 h 

1759.8 h 
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Figwe XVII-5. ISIP-I1  T e s t  Program Chronology 
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Q 

2 .  

1 
R4 R5 

SPEED SPEED FLOW CAVITATION SODIUM 
TEMPERATURE SCAN SCAN SCAN TEST 

700OF (371 . l0C)  X(2)  X X 

75OoF (398.9OC) X 

850oF (454.4OC) X 

95OoF (51OoC) X(3)  X X X 

1OOOOF (537.8OC) X 

105OoF (565.6OC) X 

ENDURANCE 
RUN 

( h )  

942.3 

48.1 

Opera t ing  Cond i t ion  H i s t o r y  

Less t h a n  400 
400 t o  800 
800 t o  1000 
Over 1000 

To ta l  

A summary o f  the pump o p e r a t i n g  h i s t o r y  from the time of  i n i t i a l  powered 
pump r o t a t i o n  u n t i l  the f i n a l  motor shutdown i s  presented i n  Tab le  XVII-3. 

140.4 89 .7  57.4 
39.0 193 .0  364.2 

0 . 6  7 .9  2 0 . 3  
0 . 4  15 .0  1011.0 

T A B L E  XVII-3 

IS IP- I  I O P E R A T I N G  C O N D I T I O N  HISTORY 

I Temperature  ( O F )  
t I I 

I LesS7;han I 575 t o  775 I 775 t o  975 
Speed (SE-47) 

( r P 4  Over 975 

7 . 7  
35 .4  

3 . 2  
52 .1  

To ta l  
Hours 

295.2 
631.6 

32 .0  
1078.5 
2037.3  

Time exposure  ( h o u r s ) :  
Pony motor o n l y  109 .4  
Main motor 1759 .8  
Motgr s topped  du r ing  this  pe r iod  6 8 . 1  
950 F endurance  run (NPSH = 29 f t )  941.0 
Cav iha t ion  t e s t  (NPSH < 29 f t )  1 .3  
1050 F endurance run 4 8 . 1  

ETEC-82-1 
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The pump was opera ted  under power f o r  1869.2 h, o f  which 1759.8 h were a t  

main motor  speed. 

speed above 1000 rpm w i t h  t h e  sodium temperature rang ing  f rom 775OF (412.8OC) t o  

975OF (523.9OC). 

r u n  c o n d i t i o n  was accumulated. 

because another  pump t e s t  program was scheduled t o  be r u n  i n  SPTF. 

A t o t a l  of 1011 h o f  pump o p e r a t i o n  was accumulated a t  a pun@ 

A t o t a l  o f  941 h a t  t h e  950°F (51OOC) reduced-NPSH endurance 

T h i s  was t h e  l o n g e s t  run  d u r a t i o n  p r a c t i c a l  

3. Performance Summary 

A l l  o b j e c t i v e s  of  demonst ra t ing  pump performance as o u t l i n e d  i n  t h e  Request 

f o r  T e s t  were met w i t h i n  schedule. 

accompl i shed: 
The f o l l o w i n g  o b j e c t i v e s  were s u c c e s s f u l l y  

1 )  To c h a r a c t e r i z e  pump head, f l o w ,  power, and speed r e l a t i o n s h i p s  i n  

t h e  o p e r a t i n g  r e g i o n  between des ign  and two-loop f l o w  impedance 
ove r  a range of  sodium temperatures 

To demonstrate pump o p e r a t i o n  a t  105OOF (566OC) 

To demonstrate pump o p e r a t i o n  a t  a reduced NPSH. 

2 )  To determine t h e  pump's c r i t i c a l  NPSH 

3 )  

4) 

The t e s t  program was extended 2 weeks beyond t h e  o r i g i n a l l y  scheduled shu t -  

down date  t o  p e r m i t  a d d i t i o n a l  r u n  d u r a t i o n  a t  reduced NPSH f o r  t h e  endurance 

run .  

Performance t e s t s ,  wh ich  c o n s i s t e d  o f  speed scans a t  two f l o w  r e s i s t a n c e s  

and two f l o w  scans, were per formed ove r  a range of sodium temperatures f rom 7OO0F 

(371OC) t o  1O5O0F (566OC). The developed head was determined t o  be s i g n i f i c a n t l y  

h i g h e r  than t h a t  ach ieved d u r i n g  t h e  FFTF t e s t  program. 

1110-rpm pump speed and a f l ow  of 14,500 ga l /m in  (0.9148 m3/s) was 562 f t  (171.3 m) 
T h i s  i s  s l i g h t l y  h i g h e r  than t h e  Rocketdyne p r e d i c t i o n  of 546 f t  (166.4 m) f o r  

these o p e r a t i n g  c o n d i t i o n s .  

t o  ach ieve  the  des ign  head. 

The developed head a t  a 

I t  shou ld  be no ted  t h a t  t h e  i m p e l l e r  was n o t  trimmed 
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The c r i t i c a l  NPSH was established during a cavitation t e s t .  The NPSH was 

I uced t o  11.3 f t  (3.44 m )  t o  achieve a head reduction of 2 . 2 % .  The cavitation 
t e s t  was terminated before the targeted 3.0% head drop  was reached because of 
w h a t  was perceived t o  be excessive cavitation in the f a c i l i t y  pressure reduction 
devi ce. 

A 48-h endurance r u n  was successfully performed a t  105OOF ( 5 6 6 O C )  t o  verify 
t h a t  pump shaf t  rework performed prior t o  t e s t  was sa t i s fac tory .  

An endurance run of 941-h duration was performed a t  an NPSH of 29 f t  (8.84 rn).  
This NPSH was 155% o f  the established c r i t i c a l  NPSH. T h e  desired r u n  d u r a t i o n  o f  

2000 h was n o t  achieved because of schedule interference with the next pump t e s t  
program f o r  SPTF, 
t e s t  program. 

There were no technical reasons f o r  l imiting the endurance 

The pump performance t e s t s  for  flow, head, power consumption, and computed 
efficiency (adjusted t o  1110 rpm) are  presented in Tables XVII-4A and  -4B. 
Table XVII-4A a l s o  contains the t e s t  description, the date and time of the t e s t ,  
and the flow/speed ( Q / N )  range plotted.  
Table XVII-4A are  in Bri t ish uni ts ,  whereas the same d a t a  presented in Table XVII-4B 
a re  in S I  uni ts .  

Note t h a t  the pump d a t a  presented in 

a .  Performance Parameters 

Total Head -The head or to ta l  head, as used herein, i s  defined as the total  
dynamic head, expressed as the height o f  a column of sodium corresponding t o  the 
pressure increase produced by the pump. 
the difference in velocity heads a t  points in the i n l e t  a n d  discharge l i ne  where 
the pressure i s  measured. 

Included i n  the value for  the head i s  

The discharge pressure i s  measured a t  a point downstream of the pump i n  the 
discharge ducting. The velocity head i s  calculated for  the piping cross-sectional 
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Date of Tes t  

Ju ly  27-28, 1981 

June 21, 1981 

June 24, 1981 

Ju ly  15-16, 1981 

Ju ly  8,  1981 

Ju ly  9-10>  1981 

June 19-20, 1981 

June 29, 1981 

June 20, 1981 

June 30, 1981 

Ju ly  2,  1981 

TABLE X V I  I -4A 
I S I P - I 1  ADJUSTED TEST DATA SUMMARY ( B R I T I S H  U N I T S )  

Type o f  Testb 
~ 

7OO0F R4 SS 

75OoF R4 SS 

95OoF R4 SS 

95OoF R4 SS 

1000°F R4 SS 

105OOF R4 SS 

7OO0F R5 SS 

95OoF R5 SS 

7OO0F 7-PT FS 

95OoF 7-PT FS 

35OoF 4-PT FS 

Time o f  
Test  

2300 s t a r t  
0150 end 

1920-2320 

0000-0400 

2025 s t a r t  
0040 end 

0200-0635 

2150 s t a r t  
0215 end 

0110-0320, 
0655-1120 

0230-0745 

1830-2240 

0140-0620 

0320-0535 

aData ad jus ted  t o  t a rge ted  flows: 

bSS = speed scan ,  FS = flow scan 
'Data ou t  of Q / N  range; not ex t rapola ted  

R4 = 14,500 gal/min a t  1,110 rpm 
R5 = 18,000 gal/min a t  1,110 rpm 

Q/N Range 
Plo t ted  

12.96-1y.16 

12.7-13.0 

12.96-13.16 

12.96-13.16 

12.96-13.16 

12.96-13.16 

15.70-16.37 

15.9-16.16 

12.96-13.16 

12.96-13.16 

13.08-13.28 

Measured Data Adjusted 
t o  1110 rpm 

F l o w  
(gpm) 

14,485 

14,100 

14,365 

14,500 

14,475 

14,495 

17,475 

17,745 

14,500' 

14,500' 

14,500' 

- 
Head 
( f t )  

564.1 

553.5 

556.2 

562.9 

568.8 

565.1  

509.1  

512.3 

558.0 

561.1  

561.6 

- 

- 
Power 
(kW) 

1,920 

- 

1,850 

1,883 

1,838 

1,845 

1,828 

2,107 

2,070 

1,904 

1,849 

1,850 

- 

Sff i c i  ency 
( % I  

69 .1  

68.0 

67.3 

69.4 

68.8 

68.9 

68.5 

68.6 

68.8 

68.7 

68.8 

-~ 

l a t a  Adjusted 
t o  

Ta rge t F 1 owa - 
Head 
( f t )  

565.3 

C --- 

566.7 

56?. q 

570. a 

565.5 

540.1 

527.1 

558.0 

561.1 

561.6 

Power 
(kW) 

1,924 

C --- 

1,917 

1,838 

1,851 

1,829 

2,229 

2,127 

1,904 

1,849 

1,850 

@ 
1110 rpm 
Operating 
Spec i f i c  

Speed 

1,154.2 

C --- 

1,161.6 

1,156.6 

1,146.6 

1,153.0 

1,369.1 

1,373.1 

1,164.2 

1,159.4 

1,158.6 

@ 
.4,500 gpm 
Operati ng  
Speci f i c 

Speed 

1,152.0 

C -- - 

1,150.8 

1,156.6 

1,144.6 

1,152.6 

1,329.2 

1,353.8 

1,164.2 

1,159.4 

1,158.6 

ONS R4 = 1,156.8 

ONS R4 = 1,155.0 

Avg @ 1,110 rprn 

Avg @ 14,500 gpm 

ONS R5 = 1,7.11 

ONs R5 = 1,341.5 

Avg @ 1,110 rpm 

Avg @ 14,500 gpm 



T A B L E  XVII-4B 
ISIP-11 ADJUSTED TEST DATA SUMMARY (SI  UNITS) 

Test Date 

July 27-28, 1981 
June 21,  1981 
June 24,  1981 
July 15-16,  1981 
July 8,  1981 
July 9-10, 1981 
June 19-20,  1981 
June 29 ,  1981 
June 20 ,  1981 
June 30 ,  1981 
July 2 ,  1981 

b Type o f  Test 

371.1OC R4 SS 
398.9OC R4 SS 
454.4OC R4 SS 
51OoC R4 SS 
537.8OC R4 SS 
565.6OC R4 SS 

371.1OC R5 SS 
51OoC R5 SS 
371. l 0 C  7-PT FS 
51OoC 7-PT FS 
51OoC 4-PT FS 

Measured Data Adjusted 
to  1110 rpm 

0.9139 
0.8896 
0.9063 
0.9148 
0.9132 
0.9145 
1.1025 
1.1195 
0.9148 
0.9148 
0 ,9148  

Data  adjusted to3targeted flows: a 
R4 = 0.91481 m3/s 
R5 = 1.13672 m / s  

bSS = speed scan, FS = flow scan 
'Data o u t  o f  Q/N range, n o t  extrapolated 

- 
Head 
( m )  

171.9 
168.7 
169.5 
171 .6  
173.4 
172.2 
155.2 
156 .1  
170 .0  
171.0 
171.2 

1920 
1850 
1883 
1838 
1845 
1828 
2107 
2070 
1909 
1849 
1850 

Data Adjusted a 
to Target F l o w  

Head 
(4 

172.3 
C --- 

172.7 
171 .6  
174 .0  
172 .4  
164.6 
160.7 
170 .1  
171 .0  
171 .2  

1924 
C --- 

1917 
1838 
185 1 
1829 
2229 
2127 
1909 
1849 
1850 

A 
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area a t  t h a t  p o i n t .  

where t h e  d i scha rge  p ressu re  i s  measured i s  c a l c u l a t e d  and added t o  t h e  c a l c u l  

d i scha rge  head. 

The f l u i d  f r i c t i o n  l o s s  from the  pump d ischarge t o  t h e  p o i n t  

@ 

The head a t  t h e  i n l e t  i s  determined f rom t h e  h e i g h t  o f  t h e  column o f  sodium 

above t h e  reference p o i n t  ( i n d u c e r  i n l e t )  p l u s  t h e  cover  gas p ressu re  e q u i v a l e n t  

head i n  t h e  pump tank.  The i n l e t  v e l o c i t y  head i s  computed a t  t h e  i n d u c e r  i n l e t  
c r o s s - s e c t i o n a l  area and added t o  t h e  i n l e t  head computed above. 

T h i s  method of  computing t h e  i n l e t  head was used d u r i n g  t h e  l a t t e r  p a r t  o f  

t h e  FFTF pump t e s t  program. 

techn ique  of  de te rm in ing  t h e  i n l e t  head than  computing t h e  i n l e t  head f rom t h e  

p ressu re  r e a d i n g  i n  t h e  i n l e t  d u c t i n g .  

I t  i s  b e l i e v e d  t o  be a more accu ra te  and s t a b l e  

The pump demonstrated good head-vs-f low mapping r e p e a t a b i l i t y  a t  a l l  temper- 
a t u r e s .  Mapping a t  R 4  and R 5  speed scans and f l ow  scans was performed a t  sodium 

temperatures of 7OO0F (371. loC) and 95OoF ( 5 1 0 O C ) .  The head-f low and power- f low 

maps f o r  7OO0F (371.1OC) a r e  p resen ted  i n  F i g u r e s  XVII-6a and -6b, r e s p e c t i v e l y .  

The head- and power-vs-f low maps a t  9 5 O o F  (51OOC) a r e  p resen ted  i n  F i g u r e s  XVII-7a 

and -7b, r e s p e c t i v e l y .  

The head- and power-vs-f low c h a r a c t e r i s t i c s  a t  t h e  extremes o f  o p e r a t i n g  

temperatures , 7OO0F (371. loC) and 105OoF (565.6OC) f o r  t h e  R4 system r e s i s t a n c e  

c o n d i t i o n  i s  shown i n  F i g u r e s  XVII-Sa and -8b. I t  can be seen f rom F i g u r e  X V I I -  

7a t h a t  t h e  head-vs- f low c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  t h e  same. M i n o r  dev ia -  

t i o n  i s  due t o  normal random da ta  s c a t t e r  and t o  t h e  d i u r n a l  e f f e c t  on t h e  speed 

i n d i c a t o r  tachometer genera to r .  

T o t a l  head da ta  f o r  each t e s t  s e r i e s  were e x t r a c t e d  f rom Tables XVII-4A 

and -4B and a r e  p resen ted  i n  Table XVI I -5  f o r  c l a r i t y .  

Tab le  XVI I -5  a r e  a d j u s t e d  t o  1110 rpm. 

The ,data presented i n  
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ADJUSTED PUMP FLOW (gpm) 

A. 7OO0F HEAD-VS-FLOW MAP 

ADJUSTED PUMP FLOW (gpm) 
6. 7OO0F POWER-VS-FLOW MAP 

ETEC-43959 

Figure XVII-6. 7OO0F Performance Map 
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A. 7OO0F AND 105OoF HEAD COMPARISON 

6. 7OO0F AND 105OoF POWER COMPARISON ETEC-43961 

Figure XVII-8. 7000F and 105C°F Performance Comparison Plots 
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Tes t  Date 

Tes t  Date 

June 19-20, 1981 

June 29, 1981 

J u l y  27-28, 1981 

June 24, 1981 

J u l y  15-16, 1981 

J u l y  8, 1981 

June 20, 1981 

June 30, 1981 

July 2, 1981 

J u l y  9-10, 1981 

Head 
Type Test ,  R5a f t  m 

7OO0F (371.1OC) SS 509.1 155.2 

950°F (51OOC) SS - -  512.3 156.1 

510.7 155.7 average 

TABLE XVI I -5  
I S I P - I 1  TOTAL HEAD AT 1110 rpm 

Type Tes t ,  R43  

7OO0F (371.1OC) SS 

85OoF (454.4OC) SS 

950°F (51OOC) SS 

1000°F (537.8OC) SS 

1050°F (565.6OC) SS 

7OO0F (371.1OC) 7-PT FS 

95OoF (51OOC) 7-PT FS 

950°F (510OC) 4-PT FS 

Headb 

f t  

564.1 

556.2 

562.9 

568.8 

565.1 

558.0 
561.1 

561.6 
562.2 

m 

171.9 

169.5 

171.6 
173.4 (maximum) 

172.2 

170.1 (minimum) 
171.0 

171.2 
171.4 average 

k1.2, -0.7 maximum d e v i a t i o n  ( % )  
3.99 f t  (1.22 m) s tandard  d e v i a t i o n  
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The average head a t  R4 resistance i s  562 f t  (171.3 m ) .  The maximum devia- 
n i s  +1.0%, -0.8%. Data for  the 75OoF (398.9OC) R4 speed scan are n o t  

included because they are  outside the range of a l l  other d a t a  presented. 

The average head a t  R5 resistance i s  510 f t  (155.4 m ) .  I t  should be noted 
t h a t  there a re  only two d a t a  points for  the R5 resistance a t  1110 rpm. 

Power -The measured power a s  used herein re fers  t o  the to ta l  input power t o  

The 
the main motor, including losses due t o  the l iquid rheostat .  
v i s i o n  to i so l a t e  the main motor power consumption from the rheostat  losses .  
s imi la r i ty  re la t ions regarding power, therefore, do not  s t r i c t l y  apply. 

c i a l  correlat ion factor  was used t o  extrapolate power d a t a  for  d i f fe ren t  speed 
conditions. 

There was no pro-  

A spe- 

The power-flow maps for  the 7OO0F (371.1OC) and 950°F ( 5 1 O O C )  temperature 
runs were shown in Figures XVII-6b and - 7 b ,  respectively.  
and a flow scan ( a t  constant speed of 1110 rprn) comprise each o f  the maps. 

R4 and R5 speed scans 

A comparison of the power-flow character is t ics  for  the t e s t  program extremes 
of 7OO0F (371.1OC) and 105OoF (565.6OC) temperature conditions a t  R4 system res i s -  
tance was shown in Figure XVII-8b. 
(371.1OC) temperature i s  t o  be expected because of the higher density sodium 
being pumped a t  the lower temperature. 

The higher power requirements a t  the 700°F 

The measured power requirement was 1925.2 kW a t  a sodium temperature of 
7OO0F (371.1OC) adjusted t o  1110 rpm. 
1110 rpm using Equat ion 4 i s  1827.5 kW. 

measured power of 1829.8 kW a t  105OoF (565.6OC) adjusted t o  1110 rpm for  the R4 
system resis tance.  

The projected power a t  105OoF (565.6OC) a t  
This f a l l s  within 0.1% of the actual 

The power-vs-flow curve a t  R4 resistance for  95OoF i s  shown in Figure XVII-7b. 

This 

The projected power requirement a t  950°F and 1110 rprn using Equation 4 i s  1855.5 kW. 

The projected value i s  within 1.2% of the actual measured power of 1833.4 kW. 

discrepancy i s  considered t o  be due t o  the diurnal e f fec t  on the speed indicator 
tachometer generator. @ ETEC-82-1 
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The power-vs-flow curves f o r  the 7OO0F (371.1OC) and the 95OoF (510OC) R5 
res is tance t e s t s  are  shown i n  Figures XVII-6b and -7b, respectively. 
required a t  1110 rpm fo r  the 7OO0F (371.loC) R5 t e s t  was 2120 kW. 
power a t  95OoC (51OoC), 1110 rpm,  projected from Equation 4 i s  2043.4 kW. 

projected value a t  95OoF (51OOC) was w i t h i n  1 .4% of the actual measured power of 
2071.6 kW. 

The power 
The required 

The 

Pump Efficiency - Pump efficiency was calculated from the expression: 

q = (0 .01883)  T- ( 5 )  

The average efficiency for  the R4 resistance data (adjusted to 1110 rpm) i s  
68 .6%,  w i t h  the maximum deviation %1.0%. 

T h e  e f f i c i ency  quoted i s  m e a n i n g f u l  only f o r  the ISIP-I1 pump-motor combina- 
t ion (including the l iquid rheostat) .  

Cavitation Performance - The purpose of the cavitation t e s t  was to determine 
The pump was t o  be operating the c r i t i c a l  NPSH required to  cause a 3% head loss .  

NPSH was referenced t o  the inducer blade t i p  e le  

The targeted 3% head drop was not achieved. 
Figure XVII-9 show tha t  G.1% head drop was real 

a t  the design speed (1110 rpm) and design flow ra t e  of 14,500 gal/min (0.9148 m3/s). 
a t ion .  

The cavitation t e s t  d a t a  i n  
zed. There were suf f ic ien t  data 

acquired to  confidently predict  tha t  the c r i t i c a l  NPSH would be 11.3 f t  ( 3 . 4 4  m )  
a t  the extrapolated 3% head drop. 

The i n i t i a l  flow r a t e  for the cavitation t e s t  was determined from a four- 
ow scan was 
as those a t  

point flow scan performed just  pr ior  to the cavi ta t  
performed to  ca l ibra te  the pump and  f a c i l i t y  a t  the 
which the cavitation t e s t  was to  be r u n .  

ETEC-82- 1 
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F i g u r e  XVI I -9 .  95OoF C a v i t a t i o n  T e s t  Data P l o t  

The head-vs- f low da ta  for t h e  f o u r - p o i n t  c a l i b r a t i o n  f l ow  scan were used t o  

e s t a b l i s h  t h e  i n i t i a l  o p e r a t i n g  p o i n t  such t h a t  t h e  f l o w  r a t e  would be 14,500 g a l /  

min (0.9148 m / s )  a t  t h e  3% head drop l i m i t .  

t e s t  f l o w  r a t e  was determined t o  be 14,690 ga l /m in  (0.9268 m / s ) .  

3 The r e q u i r e d  i n i t i a l  c a v i t a t i o n  
3 

The n o n c a v i t a t i n g  b a s e l i n e  head was e s t a b l i s h e d  by o p e r a t i n g  f o r  1 h a t  t h e  

f o l l o w i n g  c o n d i t i o n s :  

NPSH 60 f t  (18.29 m)  

Speed 
Flow r a t e  
Temperature 95OoF ( 51OoC) 

Sodium l e v e l  125 i n .  (3.175 rn) above i m p e l l e r  

T o t a l  head 

1110 rpm 
14,690 ga l /m in  (0.9268 m / s )  3 

559.3 f t  (170.5 m) 
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The b a s e l i n e  head f o r  n o n c a v i t a t i o n  was v e r i f i e d  by o p e r a t i n g  a t  NPSH of @ 
The developed t o t a l  head f o r  NPSH o f  86 f t  (26.21 m)  was 562 f t  (171.3 m ) .  

80 f t  (26 .21  m) f o r  1 h a t  t h e  same speed, f l ow  r a t e ,  temperature,  and sodium 

l e v e l .  

Reduct ion of NPSH was accomplished by  two methods: 

t h e  sodium l e v e l  i n  t h e  pump tank  from 125 i n .  (3.175 m )  (normal o p e r a t i n g  l e v e l )  

t o  48 i n .  (1.219 m )  above t h e  i m p e l l e r  c e n t e r l i n e .  

reduce t h e  pump tank  cove r  gas p ressu re  below atmospher ic p ressu re  by means o f  a 

vacuum pump. 

The f i r s t  was t o  l o w e r  

The second method was t o  

The cover  gas p ressu re  was reduced i n  smal l  increments,  l ~ 1 - 2  p s i  (6 .89-  

The cover  gas p ressu re  had t o  be 13.79 kPa), u n t i l  c a v i t a t i o n  was achieved. 

reduced t o  1 .6  p s i a  (6.89 kPa) t o  achieve 2.1% head drop. 

. 

n 
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XVI I I ,  1/5-SCALE PUMP 

J .  J .  C O R U G E D O  

A .  INTRODUCTION 

The 1/5-scale model pump b u i l t  by Atomics International and Rocketdyne Divi- 
sions of Rockwell International i s  being tested a t  the Hydraulic Test Fac i l i ty  
( H T F )  a t  E T E C .  

The item under t e s t  i s  a 1/5-scale hydrodynamic model of a large-scale 
breeder reactor ( L S B R )  primary sodium pump, including components such as an 
inducer, an impeller, a d i f fuser ,  a col lector  bowl, i n l e t  ducting, a n d  i n l e t  and  
dircharge nozzles. Geometric and operational s imi l a r i t i e s  between t h e  model a n d  
the fu l l - s i ze  prototype have been maintained. 

Accessory equipment needed t o  support operation of the t e s t  a r t i c l e  includes 
a driye assembly, a c i rculat ing o i l  lubrication system, instrumentation a n d  con- 
t r o l s ,  a n d  the water l o o p .  

The water tes t ing  of th i s  test a r t i c l e  emphasizes the quantification o f  
operating net posi t ive suction head (NPSH) margin, characterization o f  head-flow 
and efficiency relat ionships ,  and  determination o f  protection against  cavitation 
damage t o  the inducer, impeller, and d i f fuser .  

B .  TEST DESCRIPTION 

1. Fac i l i ty  

The Hydraul i c Test Faci 1 i t y  performs hydraul i c t e s t s  , uti  1 i zing water as the 
t e s t  f l u i d ,  on components t o  be used in the F a s t  Breeder Reactor Program. 
special t e s t  sections (one 10-in. ,  one 8 - in . ,  and one 6-in.-diameter pipe) hold 
the components to  be tes ted.  
loop t h a t  c i rcu la tes  water t h r o u g h  the t e s t  a r t i c l e s .  

Three 

The t e s t  sections are incorporated in the hydraulic 
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Water circulation i s  provided by three centrifugal pumps arranged i n  a 
paral le l  configuration. 
300 f t  of head (0.89 kPa); two pumps ( P - 2  and P - 1 )  a re  each rated a t  750 gal/min 
(0.045 m3/s) and 900-ft head (2.67 kPa) . 
or together.  
i f  required. 

One pump (P-3) i s  rated a t  3000 gal/min (0.189 m 3 / s )  

These pumps may be run one a t  a time 
The pumps '  energy i n p u t  heats the water above ambient temperature 

I n  the 10-in. (0.254-m) loop, water flows from the pumps through a 10-in. 
l i n e ,  t h r o u g h  the t e s t  a r t i c l e  section, through a deaeration t a n k ,  and back to 
the f a c i l i t y  pump suction manifold. 
temperature control.  
model pump. 

A water-cooled heat exchanger provides f o r  
This i s  the loop currently being used f o r  the 1/5-scale 

In the 8-in. (0.203-m) loop, water flows from the pump discharge through an  
8-in. l i n e ,  through a manifolded pipe array t e s t  sect ion,  and then back to  the 
pump suction manifold. The manifold pipe array consists o f  a 2 - i n .  (0.05-m), a 
4 - i n .  (0.1-m), and a 6 - i n .  (0.15-rn) pipe run i n  pa ra l l e l ,  w i t h  each pipe run con- 
taining a flowmeter and shutoff valve. Large t e s t  a r t i c l e s  may also be in i t a l l ed  
in the 8-in. p i p i n g  downstream of the manifold. 
vides temperature control.  

An a i r b l a s t  heat exchanger pro-  

The 6 - i n .  (0.152-m) t e s t  loop i s  ins ta l led  i n  paral le l  w i t h  the 10-in. t e s t  
This configuration permits i n s t a l l a t ion  of a test  a r t i c l e  i n  e i t he r  section loop. 

while tes t ing continues i n  the other.  

A 700-hp variable-speed (0  to  3460 rpm) dc motor, currently being u t i l i zed  
to drive the 1/5-scale model pump, will be available for  future  t e s t s .  

A lube-oil system capable of providing and controll ing o i l  i s  being used t o  
supply the bearings on the 1/5-scale model pump. 

n 
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The 7600-gal (29.6-m') deaeration tank 's  primary function i s  t o  remove 
rained gases from c i rcu la t ing  water. An in ternal  anti-vortex baf f le  has been 

ins ta l led  in  the deaeration tank over the o u t l e t  nozzle to prevent reentrainment 
of gas by vortex act ion.  
of the gas above the  water surface; a nitrogen system i s  provided f o r  
pressurization. 

A vacuum system i s  provided fo r  reducing the pressure 

A d ig i t a l  data acquisit ion system (DDAS) i s  provided tha t  records data on 
d isc  f o r  on-line processing and on tape fo r  a more permanent record and of f - l ine  
processing of data.  

An  X-Y p lot ter-pr inter  i s  provided f o r  e i the r  on-line or  of f - l ine  plott ing 
of t e s t  data .  

The computer i s  currently programmed w i t h  a complete s e t  of equations fo r  
on-line reduction o f  data on pump performance. Several special programs are  
a l so  included, providing real-time display of data on two cathode ray tubes 
( C R T S )  i n  the form of p lo t s ,  with the advantage of on-line comparison w i t h  
predicted data .  

An isometric of the Hydraulic Test Fac i l i ty  ( H T F )  i s  shown in Figure XVIII-1. 

2 .  T e s t  Art ic le  

The item under t e s t ,  shown in Figure XVIII-2, i s  a 1/5-scale hydrodynamic 
model of the hot (930OF) dimensions of the pumping elements of an LSBR primary 
sodium pump, including components such as inducer blades and h u b ,  impeller blades 
and shrouds, diffuser  vanes, co l lec tor  bowl configuration, i n l e t  duct,  and dis-  
charge nozzle. The same scaling will  be used fo r  the subscale rotor  substi tution 
(SRS) pump sodium t e s t  assembly, such tha t  identical  pumping  element components 
will  be fabricated.  
flow ra t e s  a r e  simulated by use of overflow.lines w i t h  valves to s e t  the scaled 
flow r a t e s .  
discharge ducting and the t e s t  r i g  to  obtain i n l e t  velocity p ro f i l e ,  labyrinth 

The rear  impeller labyrinth leakage and hydrostatic bearing 

Specific pressure measurements will  be included i n  the i n l e t  and 
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Figure XVIII-2. 1/5-Scale Plodel Pump 
Being Lowered Onto the Test S tand  

seal pressure drops, inducer/impeller pressures, and pump performance. A special 

shaf t  support system will use rol l ing element bearings with instrumented supports. 
This will allow measurement of dynamic radial a n d  axial loads of the inducer and 
impel 1 e r  ro t a t i  ng assembly. 

The pump i s  driven by a 700-hp variable-speed (0-3460 rpm) dc motor t h r o u g h  
a f l ex ib l e  coupling assembly f i t t e d  with a Himmelstein MCRT-8-02JA (15-3) torque 
transmi t t e r  . 

Figure XVIII-3 shows the pump ins ta l led  with a l l  the instrumentation and 
nozzles connected t o  i t ,  while Figure XVIII-4 shows the variable-speed drive motor. 

Table XVIII-1 l i s t s  the parameters recorded for  t h i s  t e s t  program, while 
Figure XVIII-5 shows the location of the t e s t  a r t i c l e  instrumentation. 
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Figure XVIII-3. 
Prototypical In l e t  Configuration and Ready fo r  Test 

Test Art ic le  Installed in Place W i t h  

Figure XVIII-4. 700-hp dc-Drive 
Motor Being Instal led 
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TABLE XVIII-1 
INSTRUMENTATION 
(Shee t  1 of  3 )  

PT- 11 11 
PT-1112 
PT-1113 
PT- 11 1 4  
PT- 1115 
PT- 1116 
PT-1117 
PT-1118 

\ 

PT-1121 
PT- 11 22 
PT-1123 
PT-1124 
PT- 1125 
PT-1126 

PT- 1140 
PT-1141 
PT- 1142 
PT- 1143 
PT-1144 
PT-1145 

YT-1132 
Y T- 1133 
YT- 1134 
YT-1135 

ZT- 1 12  7A 
ZT- 11 2 7B 
ZT- 1127C 
ZT-l127D 

Pump I n s t r u m e n t a t i o n  

Pump bowl p r e s s u r e  p o r t  18 p s i g  
Pump bowl p r e s s u r e  p o r t  22 p s i g  
Pump bowl p r e s s u r e  p o r t  19 p s i g  
Pump bowl p r e s s u r e  p o r t  16 p s i g  
Pump bowl p r e s s u r e  p o r t  2 1  p s i g  

Pump bowl pressure p o r t  17  p s i g  
Pump bowl p r e s s u r e  p o r t  20 p s i g  
Pump bowl p r e s s u r e  p o r t  15 p s i g  

I m p e l l e r  d i s c h a r g e  p o r t  30 p s i g  
I m p e l l e r  d i s c h a r g e  p o r t  25 p s i g  
I m p e l l e r  d i s c h a r g e  p o r t  26 p s i g  
Im-peller d i s c h a r g e  p o r t  27 p s i g  
I m p e l l e r  d i s c h a r g e  p o r t  28 p s i g  
I m p e l l e r  d i s c h a r g e  p o r t  29 p s i g  

S h a f t  l a b .  downstream p s i g  
S h a f t  l a b .  upstream p s i g  
F r o n t  i m p e l l e r  l a b .  downstream p s i g  
F r o n t  i m p e l l e r  l a b .  upstream p s i g  
Rear i m p e l l e r  l a b .  downstream p s i g  
Rear i m p e l l e r  l a b .  upstream p s i g  

Pump v i b r a t i o n  - lower  NE ( 9 )  
Pump v i b r a t i o n  - l ower  NW ( 9 )  
Pump v i b r a t i o n  - upper  NE ( 9 )  
Pump v i b r a t i o n  - upper  N W  ( 9 )  

Pump s h a f t  p o s i t i o n  - l ower  SE ( m i l s )  
Pump s h a f t  p o s i t i o n  - lower  SW ( m i l s )  
Pump s h a f t  p o s i t i o n  - upper  SE (mils) 
Pump s h a f t  p o s i t i o n  - upper  SW ( m i l s )  
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T A B L E  XVIII-1 

INSTRUMENTATION 
( S h e e t  2 of 3 )  

GT-1150 through -1164 
GT-1180 th rough  -1185 

Bear ing  s u p p o r t  s t r a i n  gages  ( i n . )  
Bearing s u p p o r t  s t r a i n  gages  ( i n . )  

F a c i l i t y  I n s t r u m e n t a t i o n  

ST-1110 
ST-1106 

FIT-203 
FIT-130 
FIT-207 
FIT-206 

PT-202A 
PT-2026 
PDT-203 
PT-203 

TT-202 
TT-203 
TT- 302 
TT-301 

FT- 302 
FT- 303 

PT-302 

XT-1110-1 

JT-1109 

YT-1130 
Y T- 1131 

PT-203A 

ZT-V 129 
ZT-V131 

Pump speed  (rpm) 
Motor speed  (rpm) 

Discharge  f low - h igh  (gpm) 
Discharge  f low - low (gpm) 
H y d r o s t a t i c  bea r ing  over f low (gpm) 
S h a f t  l a b y r i n t h  overf low (gprn) 

I n l e t  p r e s s u r e  S t a .  1 A  ( p s i a )  
I n l e t  p r e s s u r e  S t a .  1B ( p s i a )  
Delta-P S t a .  2 - 1 A  ( p s i d )  
Outlet p r e s s u r e  ( p s i g )  

Water- in  t empera tu re  ( O F )  

Water-out t empera tu re  (OF) 

O i l - i n  t empera tu re  ( O F )  

o i l  -ou t  t empera tu re  (OF) 

Lower bea r ing  o i l  f low (gpm) 
Upper b e a r i n g  o i l  f l ow (gprn) 

Oil i n l e t  p r e s s u r e  ( p s i g )  

Pump t o r q u e  ( i n .  -1 b )  

Motor power (hp)  

Drive motor v i b r a t i o n  - lower  ( 9 )  
Drive  motor  v i b r a t i o n  - upper  ( 4 )  

Pump dynamic d i s c h a r g e  pressure ( p s i  ) 

Valve P o s i t i o n  Ind.  V129A (% open)  
Valve P o s i t i o n  Ind.  V131B ( %  open) 
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TABLE XVIII-1 
INSTRUMENTATION 
( S h e e t  3 o f  3) 

C a l c u l a t e d  Parameters  

Q1 (or Q6)  

Q l N l  
Q2N2 

H 1  
H2 
H3 

NPSHl 
NPSH2 
NPSH3 

BHP 

F H P l  
FHP2 
FHP3 

E F F l  
EFF2 
EFF3 

Q2C1 

H2C1 

H3C1 

Q2C2 

H2C2 

H3C2 

I n l e t  f low (gpm) 

Q/N FIT-203 based ( g a l / r e v )  
Q / N  FIT-130 based ( g a l / r e v )  

Head S t a .  2 and 1 A  ( f t )  

Head S t a .  2 and 1 B  ( f t )  
Head Del ta-P ( f t )  

NPSH - S t a .  1 A  based ( f t )  
NPSH - S t a .  1 B  based ( f t )  
NPSH - S t a .  1 A  - 180' i n l e t  o n l y  ( f t )  

Brake horsepower ( h p )  

F l u i d  H P - H 1  based ( h p )  
F l u i d  HP-H2 based ( h p )  

F l u i d  HP-H3 based ( h p )  

E f f i c i ency-H1  based ( % )  
Ef f i c i  ency-H2 based (%) 
Eff ic iency-H3 based (%)  

Dis. f low c o r r .  (3295 rpm) (gprn) 

Head corr. t o  (3295 rpm) ( f t )  

Overa l l  head c o r r .  t o  (3295 rpm) ( f t )  

Dis. f low c o r r .  (2657 rprn) (gprn) 

Head c o r r .  t o  (2657 rpm) ( f t )  

Overa l l  head c o r r .  t o  (2657 rpm) ( f t )  
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3. Test Method 

T h e  purpose of t h i s  t e s t  program i s  t o  demonstrate and verify pump hydrody- 
Q 
namic operational charac te r i s t ics  of the LSBR primary pump by tes t ing a 1/5-scale 
pump in water. 
designs fo r  large primary system sodium prototype pumps. The overall t e s t  program 
includes in s t a l l a t ion ,  t es t ing ,  removal, and inspection of the t e s t  pump. Testing 
includes head-flow characterization, suction performance, and bearing load deter- 
mination. 
the steady-state operating conditions. 
will be conducted t o  demonstrate operational s t a b i l i t y  and cavitation damage pro- 
tection by th i s  inducer pump design. 
NPSH and suction performance capabi l i ty .  A special shaf t  support system will use 
rol l ing element bearings with instrumented supports. This will allow measurement 
of dynamic radial  and axial loads of the inducer and impeller rotat ing assembly 
f o r  analysis and  ver i f icat ion of the hydrostatic bearing design o f  the LSBR 
primary pump. 

Results will substant ia te  the inducer, impeller, and diffuser  

Dye tes t s  will be conducted t o  verify cavitation damage avoidance a t  
Design and off-design steady-state t e s t s  

Cavitation t e s t s  will give the c r i t i c a l  

I Special t e s t s  include locked rotor forward and reverse flow impedance, i n l e t  
, 

probe survey, bearing load t e s t s ,  second q u a d r a n t  operation, and negative head 
r i s e .  
bly of  the pump will be performed by E T E C  t o  approved procedures. ESG QA will 
witness these operations. Photographic recording of t e s t  a r t i c l e  parts will show 
the cavi ta t ion damage protection margin offered by th i s  inducer a n d  impeller 
design. 
determine i f  any difference in pump performance occurs when compared t o  the 
prototype i n l e t  duct t e s t  r e su l t s .  

Pump disassembly a t  HTF during the dye t e s t s ,  dye application, and  reassem- 

A duplicate small-component t e s t  loop (SCTL) i n l e t  duct will be used t o  

The method of tes t ing the 1/5-scale model pump consists of manually control- 
l ing the following pump parameters: 

1) Pump Speed - Shown on the Himmelstein d ig i ta l  display and on the 
cathode ray tube ( C R T ) ,  and recorded on the DAS. 
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2) Pump Head and Flow - D i s p l a y a b l e  on t h e  CRT and recorded on t h e  

DAS. T e s t i n g  a t  t h e  va r ious  system r e s i s t a n c e s  i s  accompl ished@ 

t h r o t t l i n g  Valves V-131B and V-129A a t  t he  pump d i scha rge  f rom t h e  

c o n t r o l  room. Thus, ad justments t o  pump speed and the  p o s i t i o n  o f  

t h e  va l ves  a l l o w  pump t e s t i n g  a t  s p e c i f i e d  speeds and Q/N va lues .  

NPSH - Pump s u c t i o n  pressure  i s  c o n t r o l l e d  by v a r y i n g  t h e  cover  

gas p ressu re  on t h e  DA tank  (T -2 ) .  Genera l l y ,  t he  tank  i s  e i t h e r  
p r e s s u r i z e d  w i t h  n i t r o g e n  o r  under a vacuum c o n d i t i o n .  

3)  

The DAS i s  used t o  m o n i t o r  t e s t  c o n d i t i o n s  and t o  p r o v i d e  f a c i l i t y  and t e s t  

a r t i c l e  performance parameters d u r i n g  each t e s t .  

O i l  f l o w s  t o  t h e  bear ings  a r e  manual ly  s e t ,  w h i l e  o i l  temperature i s  con- 

t r o l l e d  by t h e  l u b e  o i l  system. Both o i l  p ressures  and temperature a r e  recorded 

on the  DAS. 

A c o u s t i c  measurements were made by  A I  personnel  d u r i n g  c a v i t a t i o n  t e s t s  and 

a r e  i n  t h e i r  possess ion.  

Tab le  X V I I I - 2  desc r ibes  t h e  ma jo r  events  i n  c h r o n o l o g i c a l  o r d e r .  

C.  TEST RESULTS 

1. Pony Motor  T e s t i n g  

Tes ts  were conducted t o  o b t a i n  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t he  t e s t  

a r t i c l e  a t  pony motor  speeds. Data were ob ta ined  f o r  a range o f  f l o w s  a t  pump 

speeds equal  t o  2.5, 4, and 7% of  des ign  speed. Spec ia l  t e s t i n g  i n c l u d e d  nega- 

t i v e  head r i s e  and second quadrant  t e s t  a t  speeds o f  4 and 7% o f  des ign  speed. 

A composi te  p l o t  o f  a l l  these da ta  i s  shown i n  F i g u r e  X V I I I - 6 .  The pump impe- 

dance f o r  p o s i t i v e  and n e g a t i v e  f l o w  ( l o c k e d  r o t o r  f o rward  and reve rse  f l o w )  i s  
shown i n  F i g u r e  X V I I I - 7 .  
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T A B L E  XVIII-2 
CHRONOLOGY OF MAJOR EVENTS 

(Sheet 1 of 2 )  

Completion Date 

June 18, 1981 
August 14, 1981 
September 1, 1981 
September 29, 1981 
October 2, 1981 
October 5, 1981 
October 6 ,  1981 
October 8, 1981 
October 9, 1981 
October 9, 1981 
Del e ted 
October 9, 1981 
October 13, 1981 
October 13, 1981 
October 22, 1981 
November 2, 1981 
November 13, 1981 
November 13, 1981 
November 16, 1981 
November 16, 1981 
November 16, 1981 
November 19, 1981 
November 23, 1981 
November 23, 1981 
November 24, 1981 
November 24, 1981 
November 24, 1981 
November 30, 1981 

Event 

Pump delivered t o  ETEC 
Readiness review 
Pony motor dry spin t e s t  
Pony motor speed checkout 
Pony motor head-f 1 ow (2.5% speed) 
Pony motor head-flow (4% speed) 
Pony motor head-flow ( 7 %  speed) 
Windmilling 
Negative head r i s e  (4% speed) 
Negative head r i s e  (7% speed) 
Locked rotor - low forward flow 
Locked rotor - reverse flow 
Second quadran t ,  reverse flow (4% speed) 
Second q u a d r a n t ,  reverse flow ( 7 %  speed) 
Main motor dry spin t e s t  
Main motor checkout t e s t  
Head flow - 1320 rprn 
Head f l o w  - 2020 rpm 
Head flow - 2657 rpm 
Head f l o w  - 3295 rpm 
Head flow - 3460 rpm 
Cavitation - 3295 rpm, Q / N  = 1.03 
Cavitation - 3295 rpm, Q/b! = 1.13 
Cavitation - 3295 rpm, Q / N  = 1 . 2 4  
Cav i t a t ion  - 3295 rpm, Q / N  = 1.34 
Cavitation - 3295 rpm, Q / N  = 1.44 
Cavitation - 3295 rpm, Q / N  = 0.93 
C a v i t a t i o n  - 3295 rpm, Q / N  = 0.83 

Test 

1 A  
18 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12A 
1 2 B  
13A 
13B 
1 4  
15  
16 
17 
18 
19 
20 
21 
22 
23 
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TABLE X V I I I - 2  

CHRONOLOGY OF MAJOR EVENTS 
(Cont inued)  

Event Complet ion Date 

December 1, 1981 

December 1, 1981 

December 1, 1981 
December 1, 1981 

December 2, 1981 

December 2, 1981 

December 2, 1981 

C a v i t a t i o n  - 3295 rprn, Q / N  = 0.72 

C a v i t a t i o n  - 2657 rpm, Q / N  = 1.23 

C a v i t a t i o n  - 2657 rpm, Q / N  = 1.33 

C a v i t a t i o n  - 3295 rprn, Q / N  = 0.69 

C a v i t a t i o n  - 3295 rpm, Q / N  = 1.03 -Repeat  

C a v i t a t i o n  - 2657 rprn, Q / N  = 1.55 

C a v i t a t i o n  - 2657 rpm, Q / N  = 1.44 

T e s t  
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ETEC-43965 PUMP DISCHARGE FLOW, LOW-REVERSE (gprn) 

Figure XVIII-7. 1/5-Scale Model Pump Impedance :4apping for  Locked 
Rotor Forward and  Reverse Flow (Pony Motor Ranges) 

Main Motor Testing 

Head F1 ow ( H - Q )  Tests - These t e s t s  def i ned the characteri s t i  c devel oped 
head of t h i s  pump as a function of flow ra t e  a t  f i ve  t e s t  speeds (40 ,  61.3,  80.65, 
100, and 105% of design).  
t e s t s  compared t o  the respective predicted curves. 

Figure XVIII-8 demonstrates the resu l t s  from these 

NPSH Tests - I n i t i a l  suction performance t e s t s  were unsuccessful because of 
a i r  in solution in the  water. 
f a c i l i t y  pumps, c i rculat ing t h r o u g h  Test Inser t  Area 3 and  while pulling a vacuum 
on the DA t a n k  ( T - 2 ) .  
sary protection against a i r  in solution. 

The water in the loop was deaerated using the 

Deaerating for ~ 2 0  min before tes t ing provided the neces- 
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ETEC-43966 PUMP DISCHARGE FLOW, HIGH (gpm) 

F i g u r e  XVIII-8. 1/5-Scale Model Pump Head-Flow Mapping a t  Main 
Motor  Speeds, Showing Both  P r e d i c t e d  and Ac tua l  Data 

F i g u r e  XVIII-9 shows a H-Q map o f  c a v i t a t i o n  da ta  f o r  des ign  speed and 

des ign  f low,  w i t h  l i n e s  showing 100, 97,  and 95% of t h e  n o n c a v i t a t i n g  head f o r  

t h i s  t e s t  p o i n t .  F i g u r e  XVIII-10 shows a head-vs-NPSH p l o t  f o r  t he  same t e s t .  

Data s t i l l  have t o  be c o r r e c t e d  f o r  speed and f l o w .  

ETEC-82- 1 
X V  I I I -  18 



1 
I 

ri 
I 

ETEC-43967 PUMP DISCHARGE FLOW, HIGH (gprn) 

Figure XVIII-9. 1/5-Scale Model Pump Point 1 Suction Performance 
Test - Developed Head (Data Not Corrected) 

20.90 

NPSH, STA. 1B ( f t )  ETEC-43968 

Figure XVIII-10. 1/5-Scale Model Pump Point 1 Suction Performance 
Test - Available MPSH (Data Not Corrected) 
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A X I X .  E N E R G Y  CONSERVATION 

H.  R .  ZWEIG 

A .  O R G A N I Z A T I O N  

The position of Manager, Energy Conservation, was established in FY 1980 t o  
implement plans and  programs for  reducing energy consumption a n d  cost  in ETEC 
operations. 
reported t o  the Vice-president, E T E C ,  in a s t a f f  capacity; however, now t h a t  the 
ac t iv i ty  i s  well established, the position has been merged into the Test Systems 
Unit i n  the Test Engineering Department. This change i s  very appropriate,  since 

most of the energy consumption a t  ETEC i s  re la ted t o  the tes t ing ac t iv i ty  and  
t e s t  fac i l  i ty operation. 

To focus on the importance of these goals,  the position i n i t i a l l y  

B .  ACCOMPLISHMENTS A N D  ACTIVITIES 

To achieve measurable conservation of  energy, i t  i s  necessary t o  forecast  
energy needs f o r  future t e s t  programs a n d  t o  ident i fy  cost-effective methods a n d  
investment opportunities.  Forecasts of energy consumption for  the decade of the 
1980s were made during FY 1980. 
they remain, in FY 1981, f a i r l y  accurate yardsticks of future  demand and the 
potential effectiveness of conservation measures, 

While these will change as t e s t  schedules change, 

Conservation a c t i v i t i e s  f a l l  into several categories:  

1) Test program optimization 
2 )  Capital investments in conservation r e t r o f i t s  

3 )  
4 )  Administrative actions t o  guide personnel in energy savings 

5 )  

Studies a n d  surveys t o  ident i fy  conservation opportunities 

Promotion of energy savings t h r o u g h  ridesharing t o  a i d  rational 
objectives o f  fuel conservation 
Metering o f  processes a n d  appropriate recordkeeping. 6 )  
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1. Test Program Optimization 

8 
The IS IP- I1  test program in the Sodium Pump Test Fac i l i ty  (SPTF) was con- 

ducted with a goal o f  reducing b o t h  the consumption and the cost of energy, com- 
pared t o  the manner i n  which the Fast  Flux Test Fac i l i ty  (FFTF)  pump had been 
tes ted previously. Powered tes t ing was performed d u r i n g  off-peak hours r e l a t ive  
t o  e l ec t r i ca l  demand charges. Also, in the period between t e s t  points,  the pump 
was r u n  a t  the lowest speed (550 t o  700 rpm) consistent with sustaining isother-  
mal conditions in the loop. 
which most of the tes t ing was done on the f i r s t  s h i f t ,  d u r i n g  peak demand hours, 
and the pump was run a t  750 rpm o r  higher between t e s t s  in order t o  accumulate 
r u n n i n g  time. 

This contrasts t o  the FFTF pump t e s t  program, in 

During FY 1980, selected ETEC procedures were revised t o  incorporate energy 
conservation direct ives .  The method of conduc t ing  the ISIP-I1 program t o  meet 
energy conservation goals was consistent w i t h  those changes in ETEC procedures. 

2 .  Capi t a l  Investments 

The D O E  Division o f  In-House Energy Management provides funding fo r  capital  
projects t h a t  r e su l t  in a reduction of energy costs t o  the extent t h a t  payback 
i s  achieved in less  than  10 years and where the l i fe t ime discounted savings exceed 
the investment by a good margin. 
c r i t e r i a ,  a l i s t i n g  o f  which i s  found in Table XIX-1. 

ETEC has proposed projects t h a t  s a t i s fy  these 

3. Survey and Studies 

During FY 1981, a new building and  f a c i l i t y  survey was contracted f o r  com- 
This survey should reveal new energy conservation pletion in FY 1982. 

opportunities.  

ETEC-82-1 
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T A B L E  XIX-1 
8 E N E R G Y  CONSERVATION PROJECTS 

1 
T EC 

($000) Project Description SPB 

264 

1 

Projects With T E C  Less T h a n  $1 Million 

1.7 

SCTI Preheater: Add a heat exchanger t o  
the f lue  o f  H-1 t o  u t i l i z e  combustion 
gases t o  preheat sodium 9.6 

3 . 3 0  

23.4 

2.3 
Outdoor f loodl ight  and  building exter ior  
l ight ing modifications 
Replace existing high-bay l ighting with 
high-pressure sodium luminaries 
Automated energy management system 
Economizer cycles on existing H V A C  units 
Retrof i t  ex te r ior  l i gh t s  a t  SCTI 
SCTI H - 1  and H-2 combustion efficiency 
improvement 

Projects With T E C  Greater T h a n  $1 Million 

SCTI Economizer: U t i l i t e  the C R B R  pro- 
totype steam generator as an economizer 
t o  reheat sodium by par t ia l  condensation 
o f  steam. This project i s  in T i t l e  I 
design. 
SCTI Cogene ra t ion :  Add an organic Ran- 
kine cycle t o  SCTI t o  convert waste heat 
t o  el e c t r i  cal capaci t y .  
SPTF Cogeneration: Add a helical  rotor 
purnp/turbine t o  convert f lu id  power t o  
e l ec t r i ca l  capacity. 

63 3.12 

67 3.80 
490 4.35 
76 5.3 
21 5.4 

95 1.63 

10,500 3.08 

1,280 

6,447 

SIR 

2.23 

5.12 

Annual 
Energy 
Savings 
(109 B t u )  

SCTI Combustion Air Preheaters: Add heat 
exchanger t o  u t i l i z e  high-temperature 
exhaust gas t o  preheat incoming combus- 
tion a i r .  

T 

2,998 6.7 

2.7 
2.5 
1.9 
1.9 

2.1 
15.7 
1.8 
0.4 

Annual 
Energy 
Savings 

( B t u / $ P V I )  

123,200 

47,600 

39,700 
41,100 
30,000 
22,300 

76,400 

54,700 

71,400 

29,800 

24,122 
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4.  Administrative Actions 
Q 

A campaign t o  turn off l ights in individual off ices  when unoccupied has led 
t o  a heightened awareness on the p a r t  of personnel of the need t o  conserve, as 
well as t o  some real reductions in e lec t r ica l  energy use in the of f ice  t r a i l e r s .  

5 .  Ridesharing 

ETEC employees par t ic ipate  in ridesharing a t  a 50% leve l .  Since t h i s  level 
holds f a i r l y  constant, overt promotion i s  n o t  necessary. 
seeking carpools i s  provided by local management and senior personnel. 

Help t o  new employees 

6 .  Metering and  Recordkeepi ng 

ETEC processes are  fu l ly  metered; however, an additional project ($79,000) 
has been proposed to  improve the qual i ty  of fuel flow measurement and recording 
in the SCTI heaters. 

C .  E N E R G Y  CONSUMPTION 

ETEC's energy consumption i s  i l l u s t r a t ed  by the following: 

1) 
2 )  Figure XIX-2 shows energy consumption by fuel type. 

3) 

Figure XIX-1 shows FY 1981 energy consumption by fuel use category. 

Figure XIX-3, showing e lec t r ica l  energy use in the Component Hand- 
l ing and Cleaning Fac i l i ty  ( C H C F ) ,  i l l u s t r a t e s  the e f f ec t  of 
changing from mercury-vapor t o  high-pressure sodium luminaries. 
Figure XIX-4, which shows the e lec t r ica l  consumption in the of f ice  
t r a i l e r s ,  i l l u s t r a t e s  the e f f ec t  of turning off o f f ice  l i gh t s .  
Excessively h o t  weather during this past summer produced higher 
than  normal a i r  conditioning loads, so the small year-to-year 
increase i n  consumption was due mainly t o  those who regularly 
turned off t he i r  o f f ice  l i gh t s .  

4) 
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NEW BUILDING 

Figure X I X - 1 .  FY 1981 Energy Consumption 
by Fuel Use Category 

Figure X I X - 2 .  Energy Consumption by 
Fuel Type 
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Figure XIX-3. Electrical  Energy Use i n  C H C F  

CAMPAIGN TO TURN OFF OFFICE LIGHLS 
STARTED I N  NOVEMBER 1980 (FY  1981) 
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Figure XIX-4. Electrical  Consumption in the Office Trai lers  
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X X .  A B S O R B E R  B A L L  MATERIALS TESTS 

R. L .  E I C H E L B E R G E R  

A. INTRODUCTION 

Atomics International (AI) i s  developing a self-actuated shutdown system f o r  
sodium-cooled reactors .  One concept fo r  such a system requires small spheres of 
a neutron-absorbing material t o  be i n  contact w i t h  flowing sodium a t  the maximum 
sodium temperature i n  the reactor .  
t h i s  service.  

ther  development o f  the concept could proceed. 

Tantalum and i t s  alloys are candidates fo r  
Therefore, screening t e s t s  in h o t  sodium were needed before fur-  

B. TEST DESCRIPTION 

1. Fac i l i ty  

The prospective absorber ball materials were exposed t o  sodium in a t a n k  
maintained a t  the desired t e s t  temperature. 
by passing t h r o u g h  a cold t r a p  t h a t  was held a t  a temperature a t  which the solu- 
b i l i t y  of oxygen in sodium i s  ( 2  ppm. 
a b o u t  55 gal (0 .21  m ) ,  and cold t r a p  flow was a b o u t  1 gal/min ( 6 . 3  x 10 

The sodium was continuously purified 

The volume of sodium in the system was 
3 -5 3 

m / s ) .  

2 .  Test Specimens 

Six tantal  um-based materials were exposed t o  sodium: unalloyed tantalum, 
T - 1 1 1  a l loy ,  Ta-lOW, Ta w i t h  a carburized surface,  Ta coated w i t h  tantalum ca r -  
bide ( n o t  formed i n  s i t u ) ,  and  Ta coated with A 1  ("aluminized"). 
specimens of each material were tes ted ,  f l a t  corrosion specimens 0 .5  in .  ( 1 . 3  cm) 
in diameter and  0.04 i n .  (0 .1  cm) thick and cylindrical  specimens 0 .5  in .  (1 .3  cm) 
in diameter and 0 .5  i n .  ( 1 .3  cm) long. The cylindrical  specimens were placed in 
contact with other cylinders a t  r ight  angles in 1 2  combinations, each of the s ix  

Two kinds o f  
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materials vs i t s e l f  and  each of the s ix  materials vs Type 304 s ta in less  s t e e l .  
Each pair  of cylinders was loaded w i t h  6 . 4  l b  (2 .9  kg) dead weight t o  produce @ 
s t r e s s  a t  the point of contact of 30 x 10 3 3 t o  100 x 10 lb / in .2  ( 2 . 1  x l o 7  t o  
7 x l o 7  k g / m 2 ) .  

I n  addition, two iron-sil icon materials were exposed t o  sodium i n  the longest 
t e s t  (1500 h a t  102OOF (820 K ) ) .  
0.04 i n .  ( 0 . 1  cm) thick w i t h  the nominal compositions of Fe - 3% S i  and 

Fe - 3% S i  - 0.5% A l .  

Specimens were 0.5 i n .  ( 1 . 3  cm) square by 

3. Test Method 

The tantalum-based t e s t  specimens as described above were immersed in l iquid 
sodium in the t e s t  f a c i l i t y  in three identical  groups. 
t o  sodium f o r  500 h a t  7OO0F, 900°F, a n d  1200°F (644 K, 755 K, and 921 K ) ,  
respectively. 
s i t i ons  was exposed t o  sodium f o r  1500 h a t  1020°F (820 K ) .  

The groups were exposed 

A fourth g r o u p  of  specimens including the two iron-sil icon compo- 

After being removed from the sodium, the specimens were cleaned o f  sodium 
by immersion in Dowanol-PM (propylene glycol methyl e the r )  and then rinsed in 
deionized water. 
specimen were prepared. 

Photomacrographs and  scanning electron micrographs o f  each 

C .  TEST RESULTS 

The t e s t  specimens a n d  before-and-after photographs a n d  electron micrographs 
taken f o r  the sodium exposure t e s t s  were delivered t o  the Test Requester. 
Test Requester will make the complete evaluation of the resu l t s  a n d  issue neces- 
sary reports.  
course of the t e s t .  

The 

However, the following observations were made a t  ETEC i n  the 
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Exposure t o  sodium a t  7OO0F (644 K )  for 500 h caused no appreciable change 

cylinders exposed under s t r e s s  was s l i gh t ly  f la t tened f o r  the uncoated T a ,  bo th  
when in contact with i t s e l f  and when in contact with s ta in less  s t e e l ,  The t an -  
talum carbide coating appeared t o  be s ign i f icant ly  damaged a t  the point of con- 
t a c t .  None of the coatings was uniformly smooth as received, a n d  small changes 
i n  appearance were d i f f i c u l t  t o  de tec t .  

weight or appearance i n  any o f  the specimens. The p o i n t  of contact between 

After exposure t o  sodium a t  900°F (755 K ) ,  the corrosion specimens showed 
s l i g h t  discolorat ion,  b u t  n o  generalizations were made on the re la t ive  discolora- 
tion of  the var ious  mater ia ls .  Weight changes of these discs were small, probably 
within weighing reproducibi l i ty ,  except f o r  the tantalum coated w i t h  tantalum 
carbide, f o r  which the two discs gained 1 . 9  mg a n d  0 .9  rng. Weight changes for  the 
tan ta lum coated with tantalum carbide s t r e s s  specimens were in the opposite 
d i rec t ion ,  the three cylinders losing 45 .4 ,  1 5 . 6 ,  a n d  1 7 . 0  mg. No other material 1 showed consistent weight changes. 

I 
The observations t h a t  can be reported on the s t r e s s  specimens are  s imilar  t o  

those reported f o r  the 7OO0F exposure. All the materials show some apparent 
deformation a t  the p o i n t  of contact,  with uncoated tantalum perhaps the most 
deformed, The t a n t a l u m  carbide coating on tantalum had flaked away over a small 
area on one specimen. 
several scanning electron microscope (SEM) photomicrographs might be interpreted 
t o  show t h a t  some tearing o f  metal occurred when two specimens were separated. 

No firm evidence of diffusion bonding was seen, although 

Specimens exposed t o  sodium a t  120OOF (921 K )  fo r  500 h a l l  showed s ign i f i -  
cant weight losses and deformation a t  the po in t s  of contact between stressed speci- 
mens. The surfaces of  the aluminized tantalum and the t an ta lum carbide-coated 
specimens were disrupted a t  the points of contact. 
ever ,  seemed t o  have suffered no surface damage. 
by apparent se l f  -we1 d i n g ,  occurred w i t h  the una1 1 oyed tantal  um.  

The carburized tantalum, how- 
The grea tes t  a t tack ,  accompanied 
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A f t e r  exposure t o  sodium a t  102OOF (820 K )  f o r  1500 h, a l l  tantalum-based 

No in fe rences  were made on t h e  r e l a t i v  9 m a t e r i a l s  showed s l i g h t  d i s c o l o r a t i o n .  

d i s c o l o r a t i o n  o f  t h e  v a r i o u s  t a n t a l u m  a l l o y s .  No s i g n i f i c a n t  dimensional  changes 

were measured. 

Weight changes f o r  a l l  t h e  mater ia ' ls  showed a l o s s  of m a t e r i a l  an o r d e r  of 
magnitude l e s s  than t h a t  observed i n  t h e  500-h t e s t s  a t  120OOF and about  an o r d e r  

o f  magnitude g r e a t e r  than t h e  500-h t e s t s  a t  900°F. 
o n l y  a few t e n t h s  of a m i l l i g r a m ,  and perhaps w i t h i n  t h e  r e p r o d u c i b i l i t y  o f  

weighing.  

The l a t t e r ,  however, were 

Both o f  t h e  magnet ic  m a t e r i a l s  (Fe - 3% S i  and Fe - 3% S i  - 0.5% A l )  were 

Both a l l o y s  l o s t  we igh t ,  a l t h o u g h  l i g h t e r  i n  c o l o r  a f t e r  t h e  sodium exposure. 

t h r e e  o f  t h e  f o u r  specimens o f  Fe - 3% S i  changed o n l y  0 . 1  mg. The f o u r t h  

Fe - 3% S i  specimen l o s t  0.6 mg. The w e i g h t  loss of t h r e e  o f  t h e  f o u r  

Fe - 3% S i  - 0.5% A 1  specimens was 0.6 mg, and t h e  f o u r t h  l o s t  0.10 mg. 

Magnet ic  a l l o y s  c o n t a i n i n g  subs 

f o r  safe-shutdown hardware. W i thou t  

about how they  would f a r e  i n  sodium. 

o f  0.5% A1 i n  t h e  Fe - 3% S i  rnater ia  

102OOF sodium than  t h e  a l l o y  w i t h o u t  

a n t i a l l y  more S i  and/or A1 a r e  of i n t e r e s t  

t e s t i n g  them, no g e n e r a l i z a t i o n s  may be made 
The p r e s e n t  t e s t s  suggest t h a t  t h e  presence 

causes i t  t o  be more s t r o n g l y  a t t a c k e d  by 

A 1  i s .  

Q u a l i t a t i v e  e v a l u a t i o n  of  t h e  r e s u l t s  d iscussed above suggests t h a t  pu re  Ta, 

Ta coated w i t h  tan ta lum c a r b i d e ,  and a lum in i zed  Ta a r e  n o t  s a t i s f a c t o r y  f o r  t h e  

i n t e n d e d  s e r v i c e  . 
s u f f i c i e n t l y  p romis ing  t o  w a r r a n t  f u r t h e r  t e s t i n g  if work con t inues  on t h e  

a b s o r b e r - b a l l  concept f o r  a s e l f - a c t u a t e d  shutdown system. 

The two t a n t a l  urn a1 1 oys and t h e  c a r b u r i  zed t a n  t a l  um appear 

n 
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1 

XXI. FLAT, LINEAR INDUCTION PUMP TESTING 

R .  A .  G R A N G E R  

1 A .  INTRODUCTION 

3 Sodium t e s t s  have been completed on a fu l l - sca le  400-gal/min (0.025-m / s )  

f l a t ,  l inear  induction electromagnetic ( E M )  pump. 
prototypical model containing a l l  of the p u m p i n g  elements found in the CRBR 
electromagnetic pump. 

The pump was designed as a 

During t e s t i n g ,  t h e  pump met or exceeded a1 1 requirements of performance, 
both normal and emergency, as required by the test  requester. In addition, the 
pump exhibited s tabi  1 i ty under a1 1 operating modes , whether obtained by voltage 
control or by changing the loop  resistance.  
excess capacity and low coi l  temperatures. 
minimum coi l  temperatures t o  obtain the required 30-yr l i f e  fo r  the pump.  

The pump a lso exhibited considerable 
This was a r e su l t  of designing fo r  

B .  TEST DESCRIPTION 

I 
The t e s t s  were performed with the EM pump ins ta l led  in a sodium loop in the 

Sodium Component Test Ins ta l la t ion  ( S C T I )  a t  the Energy Technology Engineering 
Center ( E T E C ) .  T h e  sodium loop i s  shown in Figure XXI-1. 

The T6 sodium t a n k  served as a cooler and expansion tank d u r i n g  the tes t ing 
by accommodating changes i n  the sodium volume and provided an elevated f ree  sur- 
face between the sodium and the cover gas. The t a n k ,  5.5 f t  (1 .67 m )  h i g h ,  con- 
s i s ted  of 24-in. (61-cm) Schedule 20 pipe w i t h  two hemispherical caps, each having 
a 24-in. (61-cm) curvature radius.  Inside the tank was a manual level dipstick 
and a 12-in. (30.5-cm) Schedule 40 standpipe, connected to a 4-in. (10-cm) i n l e t  
with 4-in. x 8-in. (10-cm x 20-cm) and 8-in. x 1 2 - i n .  (20-cm x 30.5-cm) reducers. 
Inside the t a n k ,  the sodium flows rad ia l ly  out of the top o f  the standpipe through 
50 l-in.-diameter (2.54-cm) holes arranged in two rows of 25. 
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F i g u r e  XXI-1. EM Pump Coo l i ng  and Cover Gas 

To remove h e a t  f r o m  t h e  sodium, a i r  was blown th rough  a l - i n .  (2.54-cm) 

was blown upward th rough  t h e  annu la r  space, and sodium f lowed 

ano the r  annulus,  i n s i d e  t h e  tank,  formed by t h e  s tandp ipe  and 

t h e  tank .  The b lower  was s i z e d  t o  l o w e r  t h e  sodium heatup a t  

rement, which i s  a t  t h e  cond 

maximum appl  i e d  v o l t a g e .  

a n n u l a r  r e g i o n  between t h e  tank and t h e  b lower  d u c t i n g .  

t h e  expansion t a n k  was designed t o  f u n c t i o n  as a c o u n t e r f l o w  h e a t  exchanger. 

The c o o l i n g  c a p a c i t y  o f  

A i r  
downward th rough  

t h e  i n s i d e  w a l l  of 

t h e  t e s t  p o i n t  

t i o n s  of l o w e s t  h a v i n g  t h e  g r e a t e s t  c o o l i n g  requ  

sodium temperature and f l o w  w i t h  
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The sodium loop consisted of 4-in.  (lo-cm) pipe and  included a flowmeter and 

8 4 - i n .  (IO-cm) Sargent Y-angle globe valve with a full-open C v  of  324. The 
valve was equipped with a position indicator a n d  a local readout indicator .  

The argon cover g a s  system consisted of the required regulators,  cont ro l le rs ,  
and  vent valves t o  provide a posit ive regulated pressure on  the sodium and  also 
included a vacuum pump t o  lower the sodium pressure during the head-flow cavita- 
t ion t e s t s .  

Forced cooling of the EM pump co i l s  was provided by two blowers and a i r  
ductwork. Experience gained during 
tes t ing indicated t h a t  the blowers could be throt t led t o  2100 scfm ( t o t a l ) .  
provided a more s tab le  thermal condition in the pump co i l s  and did n o t  require 
turning the blowers on and o f f .  The cooling a i r  pressure drop across the pump 
a t  2100 scfm was found t o  be 1 . 7 5  i n .  ( 4 . 4  cm) H20. 

The blowers were rated a t  1500 scfm each. 
This 

During the tes t ing ,  the following instrumentation was recorded: I 

445 
479 
4 78 
4 88 
4 89 
490 
491 
492 
493 
485 
4 86 
4 87 
494 

Sequence 
Number Description 

446 Sodium flow ra te  
Pressure r i s e  
Pressure r i  se (corrected) 
E f f i c i en cy 
NPSH 
Sodi urn o u t 1  e t  temperature 
Pump t h r o a t  i n l e t  pressure 
Pump t h r o a t  ou t le t  pressure 
I n p u t  current Phase A 
I n p u t  current Phase B 
I n p u t  current Phase C 
O u t p u t  current Phase A 
O u t p u t  current Phase B 
O u t p u t  current Phase C 
Excitation voltage ( A - B )  
Excitation voltage ( B - C )  
Excitation voltage ( C - A )  
O u t p u t  power 

Tag Name 
FE-670 * 

* 
* 
* 

TE-6700 
PT-671 
PT-670 
IT-TA-AI 
IT-TA-BI 
IT-TA-CI 
IT-TA-A0 
IT -TA-BO 
IT-SA-CO 
ETTA A-B 
ETTA B-C 
ETTA C - N  
J1-1A 

ETEC-82- 1 
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Sequence 
Number 
477 
4 33 
4 35 
4 36 
438 
465 
466 
46 7 
468 
469 
4 70 
4 49 
450 
451  
452 
483 
4 84 
407 
401 
40 2 
353 
354 
355 
356 
357 
358 
359 
360 
4 39 
440 
441 
442 
443 
444 
471 
472 
473 
474 
47 5 
4 76 
480 

Description 
Pump t h r o a t  vibration 
Upper throat a f t  l e f t  ( S P )  
Upper t h r o a t  fwd l e f t  ( S P )  
Lower throat a f t  r ight  (SP) 
Lower throat fwd l e f t  ( S P )  
Upper t h r o a t  a f t  l e f t  
Upper t h r o a t  C . L .  center 
Upper t h r o a t  fwd r ight  
Lower throat a f t  r ight  
Lower throat C . L .  center 
Lower throat fwd l e f t  
A i r  i n l e t  temperature (B1) 
Air i n l e t  temperature (82 )  
Air out le t  temperature #1 
Air ou t le t  temperature # 2  
Cooling a i r  flow ( B l )  
Cooling a i r  flow (A?) 
Cooling a i r  flow ra te  
Pump frame temperature # 1  
Pump frame temperature #2 
Up. pipe cone t o  elbow fwd 
Up. pipe cone t o  elbow a f t  
Up. elbow - a f t  th roa t -P  
Up. elbow - a f t  throat-C.L. 
Up. elbow - a f t  t h r o a t  
Up. elbow - a f t  t h r o a t - b o t .  
Forward header 
Forward header 
Lower s t a to r  Phase 
Lower s t a to r  Phase 
Lower s t a to r  Phase 
Upper s t a to r  Phase 
Upper s t a to r  Phase 
Upper s t a to r  Phase 
Lower s t a to r  Phase 
Lower s t a t o r  Phase 
Lower s t a to r  Phase 
Upper s t a to r  Phase 
Upper s t a to r  Phase 
Upper s t a to r  Phase 
~ 6 '  cover gas pressure 

Tag Name 
Y E-TA 
TE-4B 
TE-6B 
TE-7B 
TE-9B 
TE-4A 
TE-5A 
TE-6A 
TE-7A 
TE-8A 
TE-SA 
TE-B1 
TE-B2 
TEBl/B21 
TEBl/ 822 
PDT-Bl 
PDT-B2 

TE-F1 
TE-F2 
TE-2A-1 
TE-2C-1 
TE-3A- 1 
TE-3B-1 
T E-3C -1 
TE-3D -1 
TE -10A-1 
T E-10 B- 1 
TE-16B 
TE-17B 
TE-18B 
TE-19B 
TE-20B 
TE-21B 
TE-16A 
TE-17A 
TE-18A 
TE-19A 
TE-20A 
TE-21A 
PT-T6 

* 

*Cal culated parameters 
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2 .  Test Article 

The t e s t  a r t i c l e  consisted of the functional model electromagnetic pump con- 
8 

taining a l l  of the pumping elements t o  be found in the CRBRP electromagnetic 

pump, Type I .  
a completed pump assembly as shown in Figures XXI-2 and -3. 
includes the flow pipe, thermal insulation, heaters,  thermocouples, s t a t o r s ,  
snubbers, and various miscellaneous par ts .  This final assembly resu l t s  in a 

boxlike structure capable o f  resis t ing pipe stresses and sui table  for  mounting on 
a re la t ive ly  f l a t  surface. 

All of the component parts were instal led in a frame assembly for  
This assembly 

Q 
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3 Figure XXI-2. 400-gal/min (0.025 m / s )  Flat, Linear Induction Pump 
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F i g u r e  XXI-3. L i n e a r  I n d u c t i o n  Pump 



The s t a to r s  and hydraulic assembly were constructed ident ical ly  t o  and of 
The two s t a t o r s ,  between @ materials proposed fo r  the C R B R  EM pump, Type I .  

which passes a f l a t  assembly of multiple ducts f o r  passing l iquid metal, comprise 
the electromagnetic portion of the pump. 
t o  produce a traveling magnetic f i e l d ,  which passes through the multiple ducts 
containing l iquid metal. 
l iquid metal with the moving f i e l d .  

Each stator contained 48 co i l s  connected 

Currents are  induced in the liquid metal, dragging the 

The voltage was s e t  by a device commercially known as an "inductrol . 'I The 
"inductrol" voltage regulator i s  a variable-ratio autotransformer consisting of 
a laminated s tee l  s t a t o r ,  on which i s  wound the regulating or ser ies  winding, and  
a laminated s tee l  rotor, on which i s  wound the exciting or shunt winding. The 
basic construction i s  similar t o  t h a t  of an e l e c t r i c  motor,  except t h a t  the rotor 
rotates  only 180 mechanical a n d  e lec t r ica l  degrees. 

3. Test Method 

The functional t e s t  program i s  described below. 

a .  Dry Preheat Test 

The EM pump, f a c i l i t y  piping, and components were heated a t  a controlled 

r a t e  of 50°F/h (0.17OC/s) up t o  400°F ( 2 0 4 O C ) .  

applied t o  t he  system a n d  then dry argon gas was introduced i n t o  the system 
t h r o u g h  Vapor Trap VT-6. 
preheat unti l  the dew point o f  the removed gas was below - 4 O O F  (-40°C). 

During the heatup, a vacuum was 

This process was repeated several times during the 

b .  Sodium F i l l  

After the preheat temperature of 4OO0F (204OC) had s tab i l ized ,  the EM pump 
and  t e s t  system was f i l l e d  with sodium. 
apply a vacuum o n  the system, pressurize the f a c i l i t y  sodium supply t a n k ,  and  

t h r o t t l e  the sodium into the system by opening Supply Valve V626. 

The basic method for  f i l l i n g  was t o  

ETEC-82- 1 
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c .  Wet t i ng  

8 
W i t h  t h e  sodium f l o w  from t h e  EM pump s e t  a t  100 gal /min,  and a p ressu re  

r i s e  ac ross  t h e  pump of 10 p s i  (69  kPa) , t h e  sodium temperature was inc reased  t o  

75OoF (399OC) a t  a c o n t r o l l e d  r a t e  of 50°F/h (O.l7OC/s). 

f o r  48 h t o  "wet"  t h e  pump. 

s to rage  tanks and t h e  EM pump coo led  down t o  4OO0F (204'C). 

r e f i l l e d  w i t h  35OoF (177OC) sodium. 

113OoF (610OC) a t  a c o n t r o l l e d  r a t e  o f  50°F/h (0.17OC/s). 

T h i s  c o n d i t i o n  was h e l d  
The sodium was then  d r a i n e d  back t o  t h e  f a c i l i t y  

The EM pump was then  

The sodium temperature was then  inc reased  t o  

d.  Head-Flow Tes t  

( 1 )  113OoF (610OC) Tes ts  

3 C a v i t a t i o n  T e s t  - W i t h  t h e  EM pump o p e r a t i n g  a t  300 g a l / m i n  (0.019 m / s )  
and 60 p s i  (414 kPa), t h e  113OoF ( 6 1 0 O C )  c a v i t a t i o n  t e s t  was performed by s l o w l y  

reduc ing  t h e  cover  gas p ressu re  u n t i l  t h e r e  was a 3% l o s s  i n  t h e  p ressu re  r i s e  

across t h e  pump o r  t h e  pump n o z z l e  accelerometer  t r i g g e r e d  an a larm.  

Var iab le -Vo l  tage T e s t  a t  Reference System Resis tance - The 113OoF (61OOC) 
3 

Dur ing  t h e  t e s t ,  t h e  pump v o l t a g e  was 

v a r i a b l e - v o l t a g e  t e s t  was performed a t  300 ga l /m in  (0.019 m / s )  and a 60-psi  

(414-kPa) p ressu re  r i s e  ac ross  t h e  pump. 

v a r i e d  by 105, 85, 75, 50, and 25% o f  t h e  va lue  a t  t h e  r e f e r e n c e  system r e s i s t a n c e .  

Va r iab le -Vo l tage  T e s t  a t  133% of Reference System Resis tance - T h i s  t e s t  was 

performed w i t h  t h e  sodium system s e t  a t  t h e  r e f e r e n c e  r e s i s t a n c e  o f  300 ga l /m in  

(0.019 m / s )  and a p ressu re  r i s e  across t h e  pump of 60 p s i  (414 kPa). The sodium 

system v a l v e  p o s i t i o n  was then  changed t o  o b t a i n  t h e  r e q u i r e d  f l o w  r a t e .  The 

pump v o l t a g e  was t h e n  v a r i e d  by 105, 85, 75, 50, and 25%. The same v a r i a b l e -  
v o l t a g e  t e s t s  were repea ted  f o r  200 and 400% o f  t h e  r e f e r e n c e  system r e s i s t a n c e .  

3 

Head-Flow Mapping - T h e  t e s t  was i n i t i a t e d  a t  t h e  r e f e r e n c e  system r e s i s -  
3 tance o f  300 g a l / m i n  (0.019 m / s )  and a p ressu re  r i s e  o f  60 p s i  (414 kPa) across 

t h e  pump. The sodium v a l v e  was p o s i t i o n e d  t o  o b t a i n  a sodium f l o w  o f  400, 500, 
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3 and 600 gal/min (0.025, 0.032, and 0.037 m / s ) .  

usted to 184 V and the sodium valve was positioned to obtain sodium flows of 
100, 200, 300, 400, and 500 gal/min (0.0063, 0.013, 0.019, 0.025, and 0.032 m3/s). 
T h i s  was repeated a t  pump voltages of 92, 368, and 450 V .  

The EM pump voltage was then 

I 

( 2 )  8OO0F ( 4 2 7 O C )  Test 

The sodium system was cooled t o  8OO0F (427OC) a t  a controlled r a t e  of 50°F/h 
( O . l 7 O C / s ) .  
res is tance,  variable-voltage t e s t  a t  133% o f  reference system resis tance,  and 
head-flow mapping t e s t  were a l l  performed i n  the same sequence as i n  the 113OOF 
( 6 1 O o C )  t e s t .  

The cavitation t e s t ,  variable-voltage t e s t  a t  reference system 

(3)  6OO0F (316OC) Test 

The sodium system was cooled to  6OO0F (316OC) a t  a controlled r a t e  of 50°F/h 
( O . l 7 O C / s ) .  
res is tance,  variable-vol tage t e s t  a t  133% of reference system resis tance,  and 
head-flow mapping t e s t  were a l l  performed in the same sequence as in the 113OoF 
(61OOC) t e s t .  

The cavitation t e s t ,  variable-voltage t e s t  a t  reference system 

(4 )  450°F (232OC) Test 

T h e  sodium system was cooled t o  45OoF (232OC) a t  a controlled r a t e  of 50°F/h 
(0.17°C/s). 
res is tance,  variable-voltage t e s t  a t  133% of reference system resis tance,  and 
head-flow mapping t e s t  were a l l  performed i n  the same sequence as in  the 113OOF 
( 61OoC) t e s t .  

The cavitation t e s t ,  variable-vol tage t e s t  a t  reference system 

e -  __ Extended Operations Test 

The EM pump was operated a t  a steady-state condition of 900°F (48ZoC), 
3 300 gal/min (0.019 m / s ) ,  against  a head r i s e  of 60 psi (414 k P a )  f o r  200 h .  

ETEC-82-1 
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f .  Design L i m i t  Tes t  

( 1 )  450°F (232OC) Tes t  

The t e s t  was i n i t i a t e d  w i t h  t h e  sodium temperature a t  45OoF (232OC) and t h e  
3 EM pump f l o w  a t  800 ga l /m in  (0.050 m / s ) .  

t hen  inc reased  by 40 p s i  (286 kPa) by a d j u s t i n g  t h e  sodium system v a l v e .  

p ressu re  o f  t h e  pump was a g a i n  i nc reased  by 40 p s i  (276 kPa). 

c o n t i n u e d  u n t i l  a maximum pump d i scha rge  p ressu re  of 200 p s i a  (1380 kPa) was 

reached. 

The developed p ressu re  o f  t h e  pump was 

The EM 
pump f l o w  r a t e  was then  inc reased  t o  800 g a l / m i n  (0.050 m 3 / s ) .  The developed 

T h i s  o p e r a t i o n  was 

(2) 6OO0F ( 3 1 6 O C )  Test 

T h i s  t e s t  was performed i n  t h e  same sequence as i n  t h e  45OoF (232OC) des ign  
l i m i t  t e s t .  

g. Blocked-Flow T e s t  

( 1 )  6OO0F (316OC) T e s t  

W i t h  t h e  pump o p e r a t i n g  a t  25% v o l t a g e  and 100 ga l /m in  (0.0063 m 3 / s ) ,  t h e  

sodium f l o w  was r a p i d l y  s h u t  o f f .  

( 2 )  450°F (232OC) T e s t  

T h i s  t e s t  was performed i n  t h e  same sequence as i n  t h e  6OO0F (316OC) t e s t .  

h .  Heat Soak T e s t  

The sodium temperature was lowered t o  4OO0F (204OC), a t  which t i m e  the  EM 

pump and a i r  b lowers were tu rned  o f f .  

5 min u n t i l  t hey  s t a b i l i z e d .  

Pump temperatures were reco rded  every 

n 
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i .  Preheat Test ( W i t h  Sodium in the Lines) 

@ The EM pump was allowed t o  cool to ambient temperature. The pump was then 
preheated t o  83OoF. 

j . Emergency Conditions Test 

The EM pump and f a c i l i t y  piping was drained of sodium and cooled to  ambient 

With the  interlocks disabled, 230 V ac was a p p l i e d  t o  the  pump for temperature. 
20 s w i t h  the pump temperatures being recorded until  they s tab i l ized .  

C .  TEST RESULTS 

1. Dry Preheat 

Power was applied to the pump, pump heaters,  and loop heaters to increase 
the temperature a t  the r a t e  of 50°F/h (0.17OC/s) from the i n i t i a l  pump ambient 
temperature. 
to  the pump. 
When the  pump preheat was terminated, the pump current was 60 A and the maximum 
coil  temperature was 1 2 7 O F  (53OC) with a 71°F ( 2 2 O C )  ambient temperature w i t h o u t  
forced a i r  cooling. 

Preheat temperature of 4OO0F (204OC) was reached with 100 V applied 
The pump was then cooled to ambient conditions a t  50°F/h ( O . l 7 O C / s ) .  

2 .  Sodium F i l l  

EM pump tes t ing was resumed w i t h  a repeat of preheating to 4OO0F (204OC), 
followed by f i l l i n g  the pump and loop w i t h  35OoF ( 1 7 7 O C )  sodium. 
the pump was operated a t  100 gal/min (0.0063 m / s )  a t  a 10-psi (69-kPa) developed 
head and the sodium temperature was increased t o  75OoF (399OC). This operation 
continued unt i l  the pump and loop were drained a t  75OoF (399OC). 
and loop temperatures were reduced t o  4OO0F ( 2 0 4 O C ) ,  the pump and loop were 
r e f i l l e d  with 35OoF ( 1 7 7 O C )  sodium. Operation a t  100 gal/min (0.0063 m / s )  

developing 10-psi (69-kPa) head required a pump voltage o f  128 V l ine- to- l ine 
with a pump current o f  118 A, and the maximum measured coi l  temperature was 124OF 
(51OC) w i t h  a 62.5OF ( 1 7 O C )  ambient temperature. 

After f i l l i n g ,  
3 

After the pump 

3 

I 
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3. Wet t i ng  

63 
A f t e r  r e f i l l i n g  t h e  pump and l o o p  w i t h  35OoF (177OC) sodium, the  w e t t i n g  

procedure was s t a r t e d  by  s e t t i n g  a f l ow  and head o f  100 g a l / m i n  (0.0063 m / s )  

and 10-ps i  (69-kPa) developed head. 

t o  t h e  pump. 

heatup r a t e  o f  50°F/h (0.17OC/s). 

when t h e  f l o w  and head s t a b i l i z e d .  

3 

T h i s  r e q u i r e d  107 V,  l i n e - t o - l i n e ,  a p p l i e d  

The sodium temperature was inc reased  t o  750°F (399OC) a t  a maximum 

The sodium w e t t i n g  o f  t h e  system had o c c u r r e d  

4. Head-Flow T e s t  

3 A f t e r  t h e  w e t t i n g  t e s t s ,  t h e  f l o w  was inc reased  t o  300 g a l / m i n  (0.019 m / s )  
w i t h  60-ps i  (141-kPa) developed head. T h i s  r e q u i r e d  255 V l i n e - t o - l i n e .  As  t h e  

temperature o f  t h e  sodium inc reased  t o  113OOF (610OC) , t h e  v a l v e  p o s i t i o n  and 

pump supp ly  v o l t a g e  were changed t o  m a i n t a i n  t h e  f l o w  and head. 
age was 271 V l i n e - t o - l i n e .  

The f i n a l  v o l t -  

a.  T e s t i n g  a t  113OoF 

C a v i t a t i o n  - C a v i t a t i o n  t e s t i n g  was performed a t  a f l o w  o f  300 ga l /m in  (0.019 
3 

m / s ) .  
g r a p h i c a l  TV d i s p l a y .  

The 3% l o s s  i n  p ressu re  r i s e  was v i s u a l l y  mon i to red  on a programmed DAS 

V a r i a b l e - V o l t a g e  Tests  - T h i s  t e s t  was performed u s i n g  f o u r  d i f f e r e n t  l o o p  

r e s i s t a n c e s  o b t a i n e d  by changing t h e  v a l v e  p o s i t i o n  t o  o b t a i n  l oop  r e s i s t a n c e  o f  

100, 133, 200, and 400% o f  base l o o p  r e s i s t a n c e s .  Base l o o p  r e s i s t a n c e  was estab-  

l i s h e d  as p r o v i d i n g  f o r  a 60-ps i  (414-kPa) head d rop  f o r  300-gal /min (0.019-m / s )  

f l o w .  
t h i s  t e s t .  Fo r  each r e s i s t a n c e  curve,  da ta  were acqu i red  a t  100, 105, 85, 75, 

50, and 25% o f  t h e  l i n e  v o l t a g e  as e s t a b l i s h e d  above. 

3 

The l i n e  v o l t a g e  f o r  t h i s  o p e r a t i n g  p o i n t  i s  c a l l e d  100% l i n e  v o l t a g e  f o r  
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I 

Flow-Mapping - T h i s  t e s t  was per formed by changing v a l v e  p o s i t i o n  w h i l e  

s t a n t  v o l t a g e  was a p p l i e d  t o  t h e  pump. The vo l tages  s e l e c t e d  f o r  t h i s  t e s t i n g  @ 
were: 460, 368, 276, 184, and 92 V ' l i n e - t o - l i n e  as a p p l i e d  t o  t h e  pump. Flow- 

mapping t e s t i n g  a t  460 V c o u l d  n o t  be performed a t  l e s s  than 200 g a l / m i n  due t o  

excess i ve  d i scha rge  p ressu re .  

as t h e  t e s t i n g  l i m i t  f o r  t h e  pump. 

A l i m i t  o f  200-psi  gauge p ressu re  was e s t a b l i s h e d  

b .  T e s t i n g  a t  SOOOF (427OC) 

C a v i t a t i o n  - The 3% loss i n  p ressu re  r i s e  was v i s u a l l y  mon i to red  on the  p r o -  

grammed DAS graphical TV display. 

V a r i a b l e - V o l t a g e  T e s t  - T e s t  r e s u l t s  were c o n s i s t e n t  w i t h  t h e  113OoF (61OOC) 

t e s t .  

Flow-Mapping - Flow-mapping t e s t i n g  a t  460 V c o u l d  n o t  be per formed a t  l e s s  

than  500 g a l / m i n  due t o  excess i ve  d i scha rge  p ressu re .  

p ressu re  was e s t a b l i s h e d  as t h e  t e s t i n g  l i m i t  f o r  t h e  pump. 

A l i m i t  o f  ZOO-psi gauge 

c .  T e s t i n g  a t  6OO0F (316OC) 

C a v i t a t i o n  - The 3% loss i n  p ressu re  r i s e  was v i s u a l l y  mon i to red  on t h e  p r o -  

g r a m e d  DAS g r a p h i c a l  TV d i s p l a y .  

Va r iab le -Vo l tage  T e s t  - These t e s t  r e s u l t s  showed e x c e l l e n t  s t a b i l i t y .  The 

a p p l i c a t i o n  near  t h i s  temperature i s  f o r  t h e  EVST sodium pump's emergency 

condi  ti on. 

Flow-Mapping - Flow-mapping t e s t i n g  a t  460 V c o u l d  n o t  be performed a t  l e s s  

than  500 g a l / m i n  (0.032 m / s )  due t o  excess i ve  d i scha rge  p ressu re .  A l i m i t  of 

200-psi  (1380-kPa) gauge p ressu re  was e s t a b l i s h e d  as t h e  t e s t i n g  l i m i t  f o r  t h e  

Pump - 

3 
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d .  Testing a t  450°F (232OC) 

Cavitation - The 3% loss in  pressure r i s e  was visually monitored on the pro- 
grammed DAS graphical TV display.  

I t  i s  concluded the pump will operate without cavitation a t  a l l  specified 
conditions of  flow and head with 0-psi (14.7-psia) input pressure. Test d a t a  
indicate an i n l e t  pressure of 7.5 psia i s  adequate t o  prevent cavitation a t  flows 
of 300 gal/min or l e s s ,  b u t  f o r  flows of 300 t o  500 gal/min, the i n l e t  pressure 
should be 1 2  psia minimum. 

Variable-Voltage Test - The t e s t  d a t a  indicated excellent s t a b i l i t y .  There 
a re  two applications near t h i s  tested condition: 
pump and ( 2 )  the EVST sodium pump condition, Condition 1 a t  a higher system 
resistance and Condition 2 a t  a system flow resistance somewhat lower. The flow 
requirement of Condition 2 can be obtained a t  a voltage of less  t h a n  276 V l ine-  
to - l ine .  

(1) the primary sodium makeup 

Flow-Mapping - Flow-mapping tes t ing a t  460 V could n o t  be performed a t  l ess  
t h a n  500 gal/min (0.032 m / s )  due t o  excessive dischrage pressure. A l imit  of 
200-psi (1380-kPa) gauge pressure was established as the tes t ing l imi t  fo r  the 
pump. Test d a t a  indicated a head abnormality a t  200 gal/min (0.013 m / s ) .  This 
i s  the flow a t  which there was excessive valve vibration a t  higher l i ne  voltages 
This vibration was respons ve t o  cover gas pressure and  i s  believed t o  be caused 
by valve cavi ta t ion.  

e .  Extended Performance 

3 

3 

Pump performance was constant during the t e s t  period w thout any change in 
264 V l ine- to- l ine,  244 A performance. 

a t  35% power fac tor ,  requiring 39.3 kW of power for  a 20% pumping efficiency. 
The coil  temperature r i s e  was 143OF ( 6 2 O C )  over the ambient temperature. 

Electrical  conditions were as follows: 

ETEC-82-1 
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Design L i m i t s  10 
Dur ing  t h e  t e s t ,  t h e  maximum measured c o i l  temperature r i s e  was 16OoF ( 7 1 O C )  

o v e r  a 66OF (19OC) ambient temperature,  and as such, c o i l  temperature l i m i t  was 

n o t  a problem. The maximum e f f i c i e n c y  was a t t a i n e d  a t  maximum f l o w  and head t o  

produce t h e  maximum o u t p u t .  

t r a n s i t i o n  between maximum f l o w  l i m i t  and 460-V l i n e - t o - l i n e  l i m i t .  

The maximum e f f i c i e n c y  was s l i g h t l y  o v e r  40% a t  t he  

I 

g .  Heat  Soak T e s t  

The thermocouples a t tached  t o  t h e  pump d u c t  showed an immediate drop i n  tem- 

p e r a t u r e .  

thermocouples i n d i c a t e d  a temperature drop i n  t h e  f i r s t  10 t o  15 min and a s teady 

decrease f rom t h e r e  on. 

c o n v e c t i o n a l  c o o l i n g  i s  adequate t o  coo l  t h e  pumps upon l o s s  o f  power t o  the pump 

and b lower  a t  4OO0F ( 2 0 4 O C ) .  

The p e r i o d  o f  t h e  o s c i l l a t i o n  was about  15 min.  The c o i l  temperature 

There was no evidence o f  a temperature overshoot ,  as 

h. Preheat  T e s t  W i t h  Sodium i n  t h e  Pump 

T h i s  t e s t  v e r i f i e s  t h a t  t h e  pump can be thawed a f t e r  f r e e z i n g  w i t h o u t  i n c u r -  

r i n g  damage. 

s e c t i o n  between t h e  s t a t o r  and t r a n s i t i o n  h e a t e r  l o c a t i o n s .  

The l a s t  s e c t i o n  o f  sodium t o  m e l t  was t h e  a f t  p a r t  o f  t h e  pumping 

As h e a t  was added to a given p a r t  o f  t h e  pump, t h e  temperature would r i s e  

u n t i l  t h e  sodium s t a r t e d  to m e l t ;  t hen  t h e  temperature would remain c o n s t a n t  as 

t h e  sodium mel ted,  and a f t e r  t h e  sodium was mel ted,  t h e  temperature would resume 

i t s  r i s e .  

es tab1  i shed. 

When t h e  l a s t  o f  t h e  sodium was melted, pump f l o w  was q u i c k l y  

i . Emergency C o n d i t i o n s  T e s t  

T h i s  t e s t  was r u n  f o r  2 m i n  a t  power o f  28 kW a t  224 V and 35 kW a t  235 V 

w i t h  a maximum temperature r i s e  of  241OF (116OC). 

ETEC-82-1 

XXI-15 



Subsequent inspection, including disassembly and visual inspection of the 
lower surface of the pumping duct,  determined there was no d i s tor t ion ,  warpage 
defect ,  or any anomaly of  the ducts or of i t s  attachments during tes t ing .  
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