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T r ~ i s  r e p o r t  p resen ts  r e s u l t s  o f  a survey conducted by'EG&G Idaho t o  

determine f a c i  1 i t i e s  ava i  l a b l e  t o  conduct thermal.-r iydrau 1 i c  and 

.t tlerniornectlar~ical t e s t i n g  f o r  t r le  Uepartnient o f  Energy d f f  i c e  o f  Fus ion 

Energy F i r s t  Wa l l / b l anke t /S r l i e l a  Engineer ing Test Program. I n  response t o  

Ebb6 quer ies,  twe l ve  o r g a n i z a t i o n s  ( i n  a u d i t i o n  t o  EG&G and General Atomic)  

expressed i n t e r e s t  i n  p r o v i d i n g  exper imenta l  f a c i l i t i e s .  A v a r i e t y  o f  

nrett~ods of supp ly ing  hea t  i s  ava i  l a b l e .  
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T E - ' I 1  F a c i l i t y  Survey 

1. I n t r o d u c t i o n  ' 

* .. . 

Tt~e 'Department - of Energy (DOE) O f f  i c e  o f  Fusion Energy F i r s t  

~ a l  l / b l a n k e t / ~ r l i e l a  Engineering Test Program under t h e  d i r e c t i o n  o f  Argonne 

Nat iona l  Laboratory (ANL) inc1,udes"Test Progranr Elenlent-I  I (TPE-I I ) .  

b lanke t / sh ie Id  thermal -hydrau l ic  and thermomechani,cal t e s t i n g .  P re l im ina ry  

conccpts f o r  t he  program were submitted t o  ANL j o i n t l y  by EGlGG Idaho,' Inc., 

and General Atomic Company (GA)  9 2 ' 3  i n  conlpet i f  i o n  w i t h  o l h e r  

corpo'rat ions. Subsequently, EGlGG and GA were cont rac ted  t o  conduct a .  

p lanning study f o r  t he  program. . . 

The. main o b j e c t i v e  o f  TPE-I I i s  a thermal - t~ydrau l  i c  and 

t t~ermomecr~anical t e s t  program which w i l l  be used t o , e s t a b l i s h  a aa ta  base 

f o r  the  design of f u s i o n  r e a c t o r .  b l a n k e t / s h i e l d  assemblies and design 

v e r i f i c a t i o n  t e s t s  o f  t h e  r e s u l t i n g  b l a n k e t / s h i e l d  design. Par ts  o f  t he  

p lann ing  stage f o r  these t e s t s  inc luae recon~mended concepts f o r  t e s t i n g  

ana f a c i l i t i e s  a v a i l a b l e  f o r  conduct o t  t h a t  t e s t i n g .  This r e p o r t  presents 

a survey conducted by EG&G o f  a v a i l a b l e  f a c i l i t i e s .  This  survey w i l l  be 
. . 

used i n  coo ra ina t i on  w i t h  t h e  o the r  t e s t  p lann ing  a c t i v i t i e s  t o  decide 

where the  t e s t i n g  shou l a  be undertaken. 



2 .  F A C I L I T I E S  SURVEYED 

In order to determine the availability of testing facilities, major 

universities, corporations, and other institutions tr~roughout the united 

States were contacted. H form letter soliciting information on candidate 

facilities for the test program was prepared. 'Enclosures to the letter 

outlined the 'test objectives and posed specific questions as to the 

capabilities of the testing facilities. A copy of the survey letter and 

questionnaire are included as Appendix A  to this report. 
. . 

Twenty-three prospective test organizations (otner than EG&G/I;/,\) were 
be111 quesllunnalres. Of these, twelve expressed interest -in providing 

faci 1 itles for at least a part of the TPE-I T testing. A list of those 
contacted ana their posi,tive or negative interest i s  included as Table 1. 



TAGLE 1. RESPONSE TO TPE-I1 FACILITIES SURVEY 

, '  Test  F a c i l i t i e s  Contacted - ,  ' . . Response 

1. Hanford Engineering.Deve1opment- Labo ra to r y  
Richlana, WA 

2. TRW Defense & Space Systenls ~ r o u ~  
Redondo beach, CA 

3. G a t t e l l e  P a c i f i c  Northwest L a b o r a t o r i e s  * ' 

R ich lana,  WA 

Yes 

Yes 

4. Goeing Eng ineer ing  & ~ o n s t r u c t i o n  Company ' Yes 
S e a t t l e ,  WA 

5. Westirtgttouse E l e c t r i c  Co rpo ra t i on  , 

P i t t sburgh , .  PA 
Yes 

, . 
6. Conlbustion Eng ineer ing  Inc .  Yes 

Windsor, CT 

7. babcock & W i l c o x  
Lynchburg, VA 

Yes 

8. Columhia U n i v e r s i t y  
New York, NY 

9. kLJonne l l  Douglas As t ronau t i cs~Company  
St. Louis,  MO 

, . . . "  

10. Lawrerice L i  vern~ore N a t i o n a l  Labo ra to r y  
L i  vermore, CA 

1 1  W YLE ' ~ a b o r a t o r i e s  
Nnrco, CA 

12. U n i v e r s i t y  o f  Colorado 
k u l d e r ,  CO 

13. UCLA 
Los A n g e l ~ q ,  CH 

14. ~ v ~ s s a c r ~ u s e t s  I n s t i t u t e  of Tectlnology 
Cambridge, MA 

Yes 

Yes 

Yes 

No 

N 0 

N 0 

N 0 



15. NASA Lewis ~ e s e a r c r l '  Center 
, Cleveland, OH 

16. Hughes Research Labo ra to r i es  
Malibu, CA 

17. Sandi a L a b o r a t o r i e s  
A1 buquerque, NM 

18. Oak Ridge N a t i o n a l  Labo ra to r i es  
Oak Ridge, TN 

19. Argonne N a t i o n a l  Labo ra to r y  
Argonne, I L  

20. Los Ajamos N a t i o n a l  Lab.orat0r.y 
Lss A'lanios, Nk 

21. U n i v e r s i t y  o f  b l i s s o u r j  
Columbia, MO 

22. E a t t e l  l e  Columbus L a b o r a t o r i e s  
Columbus OH 

23. Ger~era l  E l e c t r i c  Company 
Schenectady, NY 

N 0 

Yes 

Yes 

Yes 

N 0 

No 

No 

a. Repl ied t h a t  no f a c i l i t i e s  were a v a i l a b l e .  



3. SUMMARY OF EXPRESSIONS OF INTEREST 

Responses f r om i n t e r e s t e d  f a c i l i t i e s  were prepared i n  va ry i ng  

fornrats. Some answered ' the ques t ions  i n  t h e  EG&G survey d i r e c t l y ,  some 

prov iaea  excerp ts  f r om t h e i r  response t o  t h e  o r i g i n a l  TPE proposal ,  w h i l e  

o the rs  enclosea corripany b roc r~u res  as p a r t  o f  t h e  response. Two approaches 

were se lec ted  t o  p resen t  t r ~ i s  m a t e r i a l .  I n  t r11s s e c t i o n  an overv iew o f  t h e  

types  of f a c i  1  i t i e s  i s  presented based on some o f  t h e  more impor tan t  

t e s t i n g  c a p a b i l i t i e s  1  i s t e d  i n  t h e  EG&G q u e s t i o n n a i r e  ( i n  Appendix A ) .  

These cannot of course represen t  t h e  f u l l  i n f o r m a t i o n  con ta ined  i n  t h e  

responses, so t h e  ma jo r  p o r t i o n s  o f  each response a re  presented i n  

Appenaices I3 t h rough  N of t h i s  r e p o r t .  F a c i l i t y  d e s c r i p t i o n s  f r om t h e  

responses were inc luded,  b u t  d e t a i l e d  drawings and photographs, o f  which 

many were rece ived,  were omi t ted .  

Sec t ion  3.1 p resen ts  a  genera l  overv iew o f  t h e  responding 

o r g a n i z a t i o n s '  c a p a b i l i t i e s .  Table 2 i s  a  l i s t  o f  a b b r e v i a t i o n s  o f  

o r g a n i z a t i o n s  used i h  t h i s  r e p o r t .  I n  nlany cases t h e  responding 

o r g a n i z a t i o n  would be a b l e  t o  p r o v i d e  a v a r i e t y  o f  t e s t  facilities, so an 

a t tempt  was made t o  surnrnarize t h e  range o f  c a p a b i l i t i e s .  

The c a p a b i l i t i e s  can be d i v i a e d  i n t o  t h r e e  genera l  ca tego r i es ,  based 

on t n e  method of supp l y i ng  heat .  Trle. f i r s t  i s  by  a f l u i d  medium such as 

water, soaiun~, 1.itr1iun1, o r  hel ium. The second and t h i r d  nlethoas a re  by 

nonnuclear energy beams and nuc lea r  r a d i a t i o n ,  r e s p e c t i v e l y .  Sec t ion  3.2 

l i s t s  each f l u i d  medium, o r g a n i z a t i o n s  t h a t  can p r o v i d e  a f a c i l i t y  u s i n g  

t h a t  medium, and a b r i e f  s ta tement  o f  t h e  c a p a b i l i t i e s  o f  each. 

Sec t ion  3.3 l i s t s  t h e  types  o f  energy beam sources, o r g a n i z a t i o n s  t h a t  have ' 

such f a c i l i t i e s  a v a i l a b l e .  and a b r i e f  s ta tement  of t h e  c a p a b i l i t y  o f  

each. Sec t ion  3.4 desc r i bes  p o t e n t i a l  nuc lea r  t e s t  r e a c t o r  hea t i ng  sources. 

3.1 General Overview 

There a re  f i v e  t e s t  loops  a v a i l a b l e  i n  which heated f l u i d  f lows  

t k ~ r o u g f ~  a p i p i n g  system. Two loops a r e  wate r  and one each i s  sodium, 

5 



TABLE 2. HbbREVIATIONS FOR COMPANIES IN THIS REPORT 

HEOL Hanf o rd  ~ n g i ' n e e r i  ng Developn~ent Laboratory 

PNL 

BEC 

b a t t e l l e  P a c i f i c  Northwest Labora tor ies  

Boeing Engineer ing and Const ruc t ion  Company 

Westinghouse E l e c t r i c  Corporat ion 

Combustion Engineer ing 

BlLW Babcock and W i l c o x  

c u Columbia U n i v e r s i t y  

MDAC 

LLNL 

ORNL 

A N 1  

LANL 

EG&G 

McDonnel 1  Doug 1  as As t ro r~au t 'lcs Cunlpany 

Lawrence Livermore Nat iona l  Laboratory 

Oak Riaye Nat iona l  Labora tor ies  

Argonne Nat iona l  Laboratory 

Los A1 amos Na t i ona l  Laboratory 

EG&G Iaaho 



l i t h i u i n  and hel iunl .  The power sources use e lec t rPca1  r e s i s t a n c e s  wh ich  

heat  t h e  water  o r  l i q u i d  meta l .  

PNL ' . - 

Four t e s t  loops a re  a v a i l a b l e  i n  which heated f l u i d  i s  passed t r ~ r o u g r i  

a  p i p i n g  system. Three loops use wate r  as t h e  h e a t i n g  medium, w t ~ i  l e  t r ~ e  

f o u r t t ~  uses r~e l iun l .  Tr~e power s u p p l i e s  a re  e l e c t r i c a l  r es i s tance .  

T h i r t e e n  vacuum/inert  gas chambers a re  a v a i l a b l e  i n  which energy can 

be beamed a t  t h e  t a r g e t  source. Rad ia t i on  sources a re ' xenon  a rc  lamps. 

~ e s t i n ~ t l b u s e  has a  l a r g e  number .of  wa te r  f i 1 l e d  f l o w  loops  a v a i l a b l e .  

Two l i q u i d  l i t t ~ i u n i  loops a re  a v a i l a b l e  as w e l l  as l i q u i d  sodium loops. 

Hign sur face heat  f l u x  t e s t  f a c i l i t i e s  u s i n g  plasma arc ,  l ase r ,  and 

e l e c t r o n  bean1 hea t i ng  a l s o  have p o t e n t i a l  a p p l i c a t i o n s .  

Three water  loops  t h a t  opera te  a t  PWK r e a c t o r  c o n d i t i o n s  a re  

a v a i l a b l e .  Heat ing i s  acc.onrplisr~ed by e l e c t r i c  r e s i s t a n c e  n~etnods. 

0nc t e s t  loop i s  a v a i l a b l e  i n  which heated wate r  f l o w s  th rough a  

p i p i n g  system i n t o  a. l a r g e  b.ay. area. Tr~e h e a t i n g  method i s  e l e c t r i c a l  

resistance. 



Two t e s t  loops i n  wrl icn heated wate r  . f l ows  t t ~ r o u g h  a  p i p i n g  system a re  

a v a i l a b l e .  Heat ing  by t h e  e l e c t r i c a l  r e s i s t a n c e  method i s  used. 

MDAC 

Three .vacuum/ iner t  gas chambers a re  a v a i l a b l e  i n  which energy i s  

beamed a t  a  t a r g e t .  Heat ing  sources a r e  qua r t z / t ungs ten  lamps, g r a p h i t e  

heaters ,  and a  15 kw CUE cw l a s e r .  

One t e s t  chamber i s  a v a i l a b l e  i n  which energy i s  beamed a t  t h e  

t a r g e t .  The hea t  source i s  a  bean1 c o n t a i n i n g  n e u t r a l s  and i o n s  of  

aeut r iun i .  Coo l ing  i s  s u p p l i e d  by  low pressure  water.  

A v a i l a b l e  f a c i l i t i e s  i n c l u d e  a  l a r g e  he l i um c i r c u l a t i n g  f a c i l i t y ,  a  

l a r g e  vacuum Chamber, and wate r  c i r c u l a t i n g  loops. Heat sources a re  

n e u t r a l  beam i n j e c t o r s ,  sma l l  plasma torches,  d i r e c t  e l e c t r i c a l ,  and 

r a d i a n t ,  ORhL a l s o  has seve ra l  f i s s i o n  t e s t  r e a c t o r s .  

ANL - 

Argonne bas seve ra l  wa te r  f i l l e d  loops a v a i l a b l e  as w e l l  as one 

l i t h i u n l  loop  and e i g h t  sodium loops.  .Several  t e s t  r e a c t o r s  a re  a l s o  

a v a i l a b l e .  

A v a r i e t y  of t r ~ e r n l a l - h y d r a u l i c  f a c i l i t i e s .  i s  a v a i l a b l e .  I n  a d d i t i o n ,  

a  sma l l  poo l  t e s t  r e a c t o r  and a  bean1 dump f o r  beam hea t i ng  dev ices  a re  



EG&G has a v a i l a b l e i e i g r l t  loops w i t h  wate r  as. t h e  medium, one loop  w i t h  

a i r l w a t e r ,  two loops w i t h  water /s tean~,  two loops w i t h  helium, and one 
. sooiurr~ and one l i t h i u n i .  loop.. Fi .ssion t e s t  r e a c t o r s  a r e  capable o f  

supp ly ing  peak f a s t  neu t ron  f l u x e s  o f  up t o  5 x 1015 cm-' sec - l .  

GA f a c i l i t i e s  i n c l u d e  a  t e s t  f a c i l i t y  t o  c i r c u l a t e  h o t  he l i um th rough  

b lanke t  111oaules. . A lso a v a i l a b l e  a r e  chambers i n  whict i  specimens can be 

bombarded w i t 1 1  i o n  beams, and can be sub jec ted '  t o  h i g h  magnet ic f i e l d s .  

3.2 F l u i d  Heat ing ,Capab i . l i t i es  

Th i s  s e c t i o n  sumrnarizes t h e  capabi 1  i t i e s  o f  o r g a n i z a t i o n s  which can 

p r o v i d e  f a c i l i t i e s  f o r  c i r c u l a t i n g  heated f l u i a s  t r l rougn p i p i n g  systen~s.  

Categor ies f o ' r  he1 ium, 1  i tnium, sod.iunl, and wate r  a re  inc luded .  The 

genera l  method o f  supp l y i ng  energy i s  t h rough  e l e c t r i c a l  r e s i s t a n c e  

hea t i ng ;  however, EGILG, ORNL, LANL, and o t h e r s  can p r o v i d e  t e s t  r e a c t o r s  i n  

wr i i c t~  nuc lea r  heat  i r ~ y  takes  p l acc .  

3.2.1 Heliuni 

HEDL - 1.8 kg/s  f l o w  r a t e  - 

3.2 MPa pressure  

3 4 9 0 ~ ~  ten~pe ra tu re  

(1.5 IvW H/EX c a p a c i t y  

PNL - 1 8 2  kg/r l r  f l o w  r a t e  .. ' 

2.17 MPa pressure  

a 1 150°C ten~perature.  

120 kW ac power supp ly  

ORNL - 4 M.4 Power 

10.5 MPa (1550 p s i )  p ressure  

60U°C temperature 

3.2 Kg/s fluw r a t e  

a Could be increased by adding a  heat  exchanger. 



LANL - 25 MPa p ressu re  

one i n c h  l i n e  

EG&G - 34.6 MPa p ressu re  

1  64g°C t e n ~ p e r a t u r e  

Smal l  f l o w  r a t e  

GA - two f l o w  loops  

625°C tempera tu re  
. . 

305 nr/s f l o w  r a t e  

HEDL - 37.8 11s f l o w  r a t e  

0.34 MPa p ressu re  

4 2 7 " ~ ~  tempera tu re  

Power supp ly  e l e c t r i c a l  hea te rs  

NEC (LLP) - 45 l i t e r s  l i t t ~ i u m  

260°C temperature 

K o t a t i n g  d i s k  s imu la tes  h i g h  v e l o c i t i e s  

r e c i r c u l a t i o n  loop  

WEC (L IFE)  - 550°C temperature 

7.6 1/s  f l ow  r a t e  

ANL (LV IL )  - 227 l i t e r  c a p a c i t y  

360 Lu 500°C Wmperature 

EGkL (ARA-2) 749°C t ~ m p c r a t ~ ~ r e  

0.0001 MPa pressure  

Pool h i l i n g  Re f l ux  

a Can be upgraded t o  540°C o r  more 



HEOL - '  37.8 l / s  f l o w  . r a te  

2 &Pa pressure  

650°C teniperature 

1.4 'lutJ/.18 kA . . 

5 N H/EX c a p a c i t y  
. " .' . . . . . -  , , , .  

WEC (GPL-1) - 1.0 MJ power 

12..6 l / s  f l o w  r a t e  

650°C temperature,  

. 2.37 MPa. p r e s s u r e  

, W E C  (GPL-2) - 1.26 kt4 power 

126 l / s  f l o w  r a t e  

650°C temperature 

. l .  96 MPa pressure  

WEC (TSTF) - 65U°C ten~periature - , 

12.6 l / s  f l o w  r a t e  

2.16 MPa pressure  

1 N p o w e r  . 

ANL (SGTF) - 5U0 kw hea te r  c a p a c i t y  

4.2 l / s  f l o w  r a t e ,  

0.69 MPa des ign  p ressure  

538°C des ign  teniperature 
. .  . 

ANL (CCTL) - 60.6 l / s  f l o w  r a t e  

4182 1 c a p a c i t y  

649°C des ign  temperature 

U.45 MPa pressure  



ANL (HTSL) - 3.8 'I/s f l o w  r a t e  

2 0 ~  kw. powera 

130 kw rreat excnange a t  649°C i n l e t  

0.7 MPa pr-essure 

538°C t o  649°C temperature 

A N L  (HT-LMMHD) - 38 i / s  f l o w  r a t e  

- 0.69 MPa pressure  

- 53a°C temperature 

ANL (AT-LMMHD) - 2 5 . 1  /s f l o w  r a t e  

- 2.0 MPa preSSure 

- 53°C temperature 

ANL (CAMEL-11) - Trace h e a t i n g  

538°C ten~pe ra tu re  

2.07 MPa p ressu re  

270 1  c a p a c i t y  

16.7 l / s  f l o w  r a t e  

ANL (OPERA) - Trace h e a t i n g  

649°C L t t ~ ~ ~ p e r a c u r e  

1.38 MPa pressure  

295 1  c a p a c i t y  

19 l / s  f l o w  r a t e  

ANL (SSL) - Trace h e a t i n g  

375 kw hea t  exchanger 

649°C tcrnpcrature 

3.24 MPs. p ressu re  

9.1 l . /s f l o w  r a t e  

225 1  c a p a c i t y  

a Upgrading t o  1  



-EG(LG (TRA) 1  .l MPa pressure  

704°C temper.ature . 

0.7 1/s  f l o w  r a t e  

3.2.4 Water . ,  . . . .  . . ' . I ,  . ,  

HEDL (Hydromechanical)  - 946 l / s  f l o w  r a t e  

1.72 MPa pressure  

120°C temperature 

Va r i ab le  DC power supp ly  

. . 

HEDL (High p ressu re )  - 15.8 l / s  f l o w  r a t e  

1.72 MPa pressure  

315°C temperature 

4  W/32  kA power supp ly  

PkL (Hign p ressure  hea t  t r a n s f e r )  - 15.8,1/s  f l o w  r a t e  
. . , -1 5.27. MPa p ressu re  

324'C temperature 

..!I. 4. and 1.25 W dc power s u p p l i e s  

PNL (High p ressure  low heat  t r a n s f e r )  - 6:3 l / s  f l o w  r a t e  

13.9 MPa pressure  

315°C temperature 

35 KW ac *  power supp ly  

" C  

PhL ( H y d r a u l i c )  - 44 l / s  f l ow  r a t e  

3.5 MPa pressure  

121 "1: t en~pe ra tu re  

75 kW aca power supp ly  

WEC (TMHL) - 9.55 1 /s  f l o w  r a t e  . . 

1.38 MPa pressure  : .. 

82°C temperature 

200 kW.power supp ly  

a Up t o  4bJ by r e r o u t i n g  power supply  
. 
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. . WEC (MPHL) - 378 l / s  f l o w  r a t e  

1.38 MPa pressure  

8Z°C temperature 

200 kW power supp ly  

WEC ( b o i l i n g  HT)  - 2.5 ky / s  f l o w  r a t e  

0.88 MPa pressure  

121 O C  temperature 

WEC (Alirti LOOPS) - 9.5 I / s  f l o w  r a t e  

16.5 MPa pressure  

343°C temperature 

WEC ( D  LOOP) - 278 l / s  f l o w  r a t e  

16.5' MPa pressure  

343OC temperature 

WEC (E Loop) - 126 l / s  ( a t  0.45 MPa) f l o w  r a t e  

62 l / s  ( a t  0.78 MPa) f l o w  r a t e  

WEC (PWRSD) - 0.6 l / s  f l o w  r a t e  

343°C temperature 

15.5 MPa pressure  

200 kW power supp ly  . 

WEC ( J  Loop) - 28.4 l / s  f l ow  r a t e  

343OC temperature 

17.2 MPa pressure  

3.5 IIW power supp ly  

WEC ( H  Loop) - 883 l / s .  f l o w  r a t e  

.93OC temperature 



CE (TF-1) - 25.2 l / s  f l o w  r a t e  
15.8 MPa pressure  

343°C temperature 

300 kW ac o r  ac programmablea power supp ly  

CE (TF -2 )  - 94.6 l / s  f l o w  r a t e  

17.2 MPa pressure  

343°C temperature 

C E  (TF-16) - 9.46 l / s  f l o w  r a t e  

17.2 MPa p ressu re  

343°C temperature 

25U ' k ~  * power supply  

b&W - 41 l / s  f l ow r a t e  

2; MPa (3000 p s i )  p ressure  

.. 370°C '(700°F) temperature 

I U  MJ/5U k A  power supp ly  

CU - 53.6 l / s  f l o w  r a t e  

343OC temperature 

11.5 M4 steady s t a t e  power 

5U Ka power supp ly  

16.5 MPa pressure  

AhL (3t iTF) - 12.5 l / s  f l o w  r a t e  

16.55 MPa pressure  

482°C temperature 

ANL (F  IVTF) - 6U. 5 I / s  t o t a l  t low . r a t e  

1.03 MPa pressure  

50°C temperature 

a 2.17 IvW steady s t a t e  power 



ANL (50~ -gpm l o o p )  - 37.9 l / s  f l o w  r a t e  

.. 0.28 MPa pressure  

ANL (MCTF) - 151.5 l / s  f l o w  r a t e  

37.8OC temperature 

ANL (OPMTF) - 30.3 l / s  f l o w  r a t e  

, 0.21 MPa pressure  

. 93OC temperature 

LANL - Four t e s t  c e l l s  

40 f t  t a l l  h i g h  bay 

2.5 power supp ly  

500 KW dc power supp ly  

EG&G (Ambient f l o w  c a l i b r a t i o n )  - 2.1 MPa p ressu re  

52OC temperature 

0.017 m/s f l o w  v e l o c i t y  

EGtC; (MTR/ETR t e s t  l o o p )  - 1.8 MPa p ressu re  

65°C temperature 

0.038 n ~ / s  f l o w  v e l o c i t y  

EGtG ( b a l l i s t i c  f l o w  c a l i b r a t i o n )  - 0.8 MPa p ressu re  

65OC temperature 

0.076 n ~ / s  f l o w  v e l o c i t y  

EG&G (Sr~in-I r'uu l o o p )  - 3.2 MPa p ressure  

11 5°C ten~ (~e ra t~ , r r e  

O.lr06 m/s f l o w  v e l o c i t y  

E G t G  (ATR Sa fe t y  Rod D r i v e )  - 3.2 MPa pressure  

11 5°C temperature 

0.05 m/s f l o w  v e l o c i t y  



EG&G (HT Hydrau l i c  t e s t  l oop )  - 7.7 NPa p ressu re  
260°C temperature 

0.076 'm/s f 1,ow v e l o c i t y  ,.. 

EGbG ( A i r I W a t e r )  - 2.2 MPa pressure  

93°C temperature 

- 1.41/0.05 ni/s f l o w  v e l o c i t y  

. . 
EG&G (ARA High tempera tu re )  - 15.6 MPa pressure  

343OC temperature 

0.019 nr/s f l o w  v e l o c i t y  

EG&G (Fas t  Loop) - 7.8 MPa pressure  

279°C temperat" re  

0.303 r ~ ~ / s  f l o w  . v e l o c i t y  

EG&G (blowdown f a c i l i t y )  - 15.6'MPa pressure  

288°C temperature 
' 3  0.32 m v o l  blowaown 

EG&G (Two-phase f l o w  l o o p )  - 7  MPa pressure  

284°C temperature 

0.568. n ~ / s  f l o w  v e l o c i t y  

3.3 beam Heat ing C a p a b i l i t i e s  

I n  c o n t r a s t  t o  t h e  f a c i l i t i e s  which supp ly  hea t  v i a  a  f l o w i n g  f l u i d ,  

severa l  o f  t he  responding o r g a n i z a t i o n s  can supp ly  heat  energy by beaming 

t h e  energy at. t he  t a r g e t .  



3.3.1 Lasers 

WEC - Cop Laser 

25 kW 
2 f l u x  a t  640 W/nl over 1  mni d i a  

2  38 MJ/m over 1 cm d i a  

cont inuous o r  pulsed 

WAC - C02 Laser 

I I ~  t.o 1  x 1 meter  

12.5 kW nlax ou tpu t  power 

3.3.2 Neut ra l  k a m  

LLNL - Neu t ra l s  and i ons  o f  aeutr ium 

Power o f  4.6 W 

 ax f l u x  o f  9 kw/cm2 

80 keV 

ORNL - 60 keV . 

0.9 M x 2 2 in jec t i~ rs  

6EC - Xenvrl a rc  

35 kW power 

MDHC - Quar tz / tungs ten 

t o  3000°C 

Max power 50 W/cn~ 2  



WEC: - SF e l e c t r o n  beam 

- plasma arc 

- i o n  bean1 

MDAC - Graphite heaters 

ORNL - Small plasma torches 

AhJL - E l e c t r i c a l l y  heated tungsten f i l a m e n t  

300 kW 

341OoC 

Argon gas env i  ronn~ent 

GH - Superconaucting h igh  f i e l d  i o n  beam 

EG&G - E l e c t r i c a l  l y  heated tungsten nlest~ furnace 

530 kW 

30U0°C (vacuum), 270U°C (Hel ium) 

  our separa te ly  heated and coo l ed  segments 

LANL - Vacuum chambers (which can be used w i t h  rad-iant heater  panels o r  

o the r  energy .sources) 

3.4 Nuclear Heating C a p a b i l i t i e s  

As a separate a c t i v i t y  from t h e  quest ionna i re  i n  response t o  which t h e  

preceding d a t a  were furn ished,  a survey was conducted o f  nuclear  t e s t  

reac to rs  wll icr~ may bc considered f o r  use i n  TPE-11. Table 3 summarizes the 

f i n d i n g s  o f  t h a t  survey. 

Several e x i s t i n g  t e s t  reac to rs  have one o r  more in -core  tubes 15 cm o r  

g rea te r  i n  diameter which would,be s u i t a b l e  f o r  t e s t i n g  o f  n~odule .. 

subassemblies o r  snla'll d iameter c y l i n d r i c a l  modules such as trbe 

ORNL/Westinghouse concept. Reactors o f  t h i s  type which, i n  add i t i on ,  have 

s u i t a b l e  f l u x  l e v e l s  a re  l i s t e d  i n  Table 4. 
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TABLE 3. REACTOR TEST VOLUME SIZES 

EXP. TEST 

NEUTRON FLU) 
POSITION 

POWER' 2  EXP.  SIZE^ EXP. VOL. 
REP.CTOR ( m )  (n/cm /set] (cm) ( p )  . NOTES 

HFGR (New Yor~c) 4  0  5.. 5  x . l 0 I 4 ~ h  
2.0 x  10I4F 

ATR ( Idaho)  

ETR ( Idaho)  175 4  x 1 0 1 4 ~  
4  x  10 l4F 
4 x 1 0 1 4 ~  
.4 x 1 0 1 4 ~  

3.4 x  1 0 1 4 ~  

LOFT ( Idaho)  5  0  N/A 

7.4 D ia  x  36 1.5 

2.4 D i a  x  7.6 0.03 

1.5 D ia  x  122 0.2 
2.2 D ia  x  122 - , 0.5 
1.6 D ia  x  122 0.2- 

12.5 D ia  x  122 14.9 
8.1 D ia  x 122 6.2 

4 5 . 3 ~  5 6 . 6 ~  122 312.8 
7,6 D i a  x  122 ( 9 ) "  5.6 

No t e s t '  p o s i t i o n s  - - 

f l A  c o o l i n g - i n  co re  d i a .  

Centra l ,  p e r i p h e r a l  
and r e f l e c t o r  l o c a t i o n s  

12 A-Holes 
8 ti-Holes 
16 H-Holes 
4 I -Holes 
16 I -Holes 
A11 0-Holes t o g e t h e r  
F lux  t r a p s  
* Thru h o l e  c a p a b i l i t y  

t t h r u  ho le  c a p a b i l i t y  ' 

* b d i f i c a t i o n  r e q u i r e d  
f o r  l a r g e  b l a n k e t  

PGF ( Idaho)  2  x  1oI3F 15.5 D i a  x  91 17.2 A t  28 ruW/Max power 270GW 
I n t e g r a t e d  power 1350MJ-sec 

8 5  x 1 0 1 3 ~ h  5.1 D ia  x  671 1.2 MTR t ype  co re  OMEGA-W (New Pexico)  

MITR (Mass) 4.9 3 x  1 0 1 3 ~ h  4.5 D ia  x  61 ( 2 )  0.9 V e r t i c a l  t h imb les  
1  x l 0 l 4 ~  2.9 D ia  x  61 ( 2 )  0.3 

6 . 9 ~  5.1 x  61 2.1 



TAELE 3. (con t inued)  

EXP. TEST 
P O S I T I O N  

NEUTRON FLUX' POWER' 2  EXP.  SIZE^ EXP. VOL. 
REACTOR ( M I  (nlcrn /sec) (cm) (P!) NOTES 

bSR [Tenn.) 2  5.5, x  1 0 ~ ~ T h  7.6 x 7.67 x  61 3.5 ' ~ l s o c r ~ o ~ e n i c  f a c i l i t y ,  

GFIR (Tenn.) 100 1.:- x  l 0 l 5 F  13 D ia  x  51* 6.8 * Maximum d;ia.. o f  f l u x  t r a p  
9 x  1 0 1 4 ~ h  1.3 Dia x  51 ( 8 )  0. 1; 
2 x  1 0 1 4 ~ h  3.8 Dia x  5 (11) 0.6: 

1.5 x  1014Th 7  Dia x  51 ( 2 )  2.0 
ORR (Tenn. ) 3  0  4.5 x  l 0 l 4 F  7.8 Sq x  38.4 2.3 Any core p o s i t i o n  

4 x  1 0 ~ 3 ~  7 1  x  76 x  63 339.9 Pool s i de  i r r a d i a t i o n  

MURR (M issou r i )  10 

r0 

FFTF (washington) 400 

GETR ( C a l i f o r n i a )  5  0  

bR2- ( k l g i u m )  5  0  

3.8 D ia  x  75 ( 3 )  0. 9, 

7  D ia  x  91 ( 2 )  3.5 
11 Dia x  91 ( 8 )  8.6, 

7.4 D ia  x  91 ( I ) *  3.9 
7.4 D ia  x  91 ( 2 ) *  3.9 
3.8 Dia x  91 ( 8 )  7.0 

20.3 D ia  x  91 29.5. 

20.3 D ia  x  91 ( 4 )  29.5 

F lux  t r a p  p o s i t i o n s  

Closed loops 
Open loops, I N  core  d i a .  
Any f u e l  o r  r e f l e c t o r  
P o s i t i o n  

I n  standby c o n d i t i o n  
* t h r u  loop c a p a b i l i t y  

Center ho le  

Thru ho les  

Several o t h e r  irr. 
p o s i t  ions  
Fluxes g iven  are Max. 
Values 



TABLE 3. (cont inued ) 

TEST EXP. 
PiEUTRON FLUX ' POSITI'ON 

PCMER' 2 EXP. SIZE' EXP. VUL. 
REACTOR ("w (n/cm /sec) (cm) ' ( p ) .  NOTES 

DR-3 (Denmark) 10 1 x 1 0 1 4 ~ h  17.8 Dia x 61 15.2 
. , 

HFR (Nether lands)  .? 0 2 x 1 0 ~ ~ ~ h  14.5 Dia x 60 3.9 Thru ho le  
5 x 1 0 ~ 4 ~  

'1.5 x 1 0 1 4 ~ h  6 Dia x 160 1.7 In-Core U-Tube 
4 x 1 0 1 4 ~  

SAFARI - 1 2 0 4 x 1 0 ~ ~ ~ a x  Th 
Thru loop c a p a b i l i t y  

N 
N 

Sources o f  In format ion:  

1. "Research, Tra in ing,  Test, and Product ion Reactor D i rec tory" ,  Americzn Nuclear Society, F i r s t  Ed i t ion ;  
(1979). 

2. "D i rec to ry  of Nuclear Reactors", Vol. 1-4 A I E A  (1959). 



The PGF Reactor has been i nc l uded  i n  t h i s  1  i s t  because o f  i t s  un ique 
2 power pu l se  c a p a b i l i t y .  Dur ing  a a i s r u p t i o n ,  200 t o  400 Joules/cm of 

charged p a r t i c l e  energy i s  dumped t o  t h e  f i r s , t  w a l l  su r f ace  i n  an es t imated  

20 msec. The PbF can be pu lsea  i n  t h i s  t i m e  s c a l e  t o  270 GW w i t h  an 

i n t e g r a t e o  power o f  1350 EW-sec. by u s i n g  a 3 ~ e  su r f ace  h e a t i n g  
2 conve r te r  concept, g r e a t e r  t h a n  200 Joules/cm o f  charged p a r t i c l e  energy 

cou la  be dumped t o  t n e  module sur face.  

TAGLE 4. HIGH FLUX REACTORS CAPAGLE OF CONDUCTING 15 cm DIANETER IPT LOOP 
EXPERIMENTS 

Reactor 
ETK 

Loca t i on  
INEL 

Denmark 

Sout r~  ~ f r l c a  

  umber' o f -  
Test  Holes 

F a r t  F l ux  i n  
Test  Volunie 

2 (n/cm /sec)  
4  x 1014 

2 x  1013 

2.4 t o  9.4 x l u l 4  

I x 1014 

4 x  1014 

I n - co re  t e s t  f a c i l i t i e s ,  as descr ibed  above, a r e  n o t  s u f f i c i e n t l y  

l a r g e  t o  p e r m i t  t e s t i n g  o f  l a r g e r  n~odules which b a s i c a l l y  p resen t  l a r g e  

p lane  sur faces  t o  t h e  plasma source. To acconlpl ish t h i s ,  i t  i s  necessary 

t o  p o s i t i o n  t h e  module aa jacen t  t o  one o f  t h e  f aces  o f  t h e  core.  Two 

e x i s t i n g  t e s t  r e a c t o r s  l i s t e d  i n  Table 5 have t h i s  p r ~ y s i c a l  c a p a b i l i t y .  

Poss ib l y  o t h e r s  c o u l d  be mod i f ied  by  t h e  removal o f  t h e i r  thermal  columns. 

F u s i ~ n  o r i e n t e a  n u c l e a r  t e s t  f a c i l i t i e s  have n o t  been cons idered  

here. Such f a c i l i t i e s  as t h e  Ro ta t i ng  Targe t  Neutron Source (RTNS-11) and 

t h e  Fus ion M a t e r i a l s  I r r a a i a t i o n  Test (FMIT) F a c i l i t y  have i n tense  sources 

o f  14 MeV neutrons b u t  t h e i r  t e s t  volumes a r e  n o t  s u f f i c i e n t l y  l a r g e  t o  

a l l o w  meaningfu l  t t ~ e r m a l - h y d r a u l i c  and thermomecr~anical  t e s t i n g .  Near-term 

f u s i o n  r e a c t o r s  such as t h e  Tokanlak Fus ion Test  Reactor (TFTR) ?lay be 



TUELE 5. HIGH FLUX REACTORS WITH PLANE SOURCE CAPABILITY 

F i s s i o n  Reactor 
Equiv. Neutron Tirrie Requi red  

Wal l  Loading f o r  f o r  L i f e - t i m e  
Test Vol. Fast Neut. F lux  bulk  Heating Fluence 

( U a  
2 ( tw/m2) Reactor n/cm /sec ( y r  ) 

ETR 450 3.4 x  1014 1.8 1.2 

ORR 340 4.b x lo13  0.2 10.5 

a. Test volunle c a l c u l a t e d  f o r  a 63 cni t h i c k  b lanket .  

2 considered, b u t  t h e  neutron w a l l  load ing  (0.1 W/rn ) i s  so rilucr~ lower 
2 t han  t h e  1-4 W/nl requ i red  fo ' r  r e a l i s t i c  heat ing  studies,  and t h e  burn 

t ime  ( -  1 s )  i s . s o  s t ~ o r t ,  t h a t  t he  usefu lness o f  such devices f o r  t h i s  

k i n a  of t e s t i n g  appears t o  be lack ing .  I f  an I lvTOR c l a s s  machine i s . b u i l t ,  

i t  nlay prov ide  a nieans o f  per fo rn i i  ng thermal -rbydrau 1 i c  o r  thermomechanical 

t e s t ' i n g  on f u s i o n  b lanke t  nrodules, b u t  speci a1 heat ing  augn~entat ion 

techniques such as those descr ibed i n  Reference 4 would be requi red.  



4. CONCLUSIONS 

Twelve organ iza t ions ,  o the r  than EG&G and GA, have expressed i n t e r e s t  

i n  p r o v i d i n g  f a c i l i t i e s  f o r  TPE-I1 t e s t i n g .  O f  these, some such as &W and 

CU can prov ide  a  s i n g l e  spec ia l i zed  c a p a b i l i t y ,  w h i l e  o thers  such as WEC 

and EG&G o f f e r  a  wiae range o f  f a c i l i t i e s  ava i l ab le .  

Two pr imary heat ing  methods have been addressed-- f lu id heat ing  and 

energy beam heat ing.  Each o f  these groups has been d i v i d e d  i n t o  

subgroups. I n  add i t i on ,  p o t e n t i a l  sources o f  nuc lear  heat ing  were 

discussed. 

Tr~e reconlnlendea metrroa f o r  s e l e c t i n g  f a c i l i t i e s  i s  t o  f i r s t  decide on 

the  type o f  t e s t  and' t h e  n~e t r~od  o f  supply ing heat. Then Sect ion 3 of t h i s  

repor t .  can be used t o  q u i c k l y  determine w r ~ i c n  f a c i l i t i e s  can p rov iae  such 

heat ing  o r  loaaing.  A b r i e f  summary of' t he  c a p a b i l i t i e s  o f  each i s  

presented. F i n a l l y ,  w i t h  t he  l i s t  so narrowed, t h e  nlore comprehensive 

submi t ta ls  i n  ~ ~ ~ e n a i c e s  ti through N  can be used t o  s tudy the  f a c i l i t i e s  i n  

more d e t a i l .  Trbris task  would no doubt need t o  be fo l l owed  up by more 

contac ts  w i t h  t h e  responding o rgan iza t i ons  t o  f i l l  i n  the  d e t a i l s  imposed 

by t h e  s p e c i f i c  t e s t  requirements. A t . t h i s  p o i n t  i n  t h e  o v e r a l l  plan, a  

dec i s ion  n ~ i g r ~ t  be made as t o  t h e  most appropr ia te  t e s t  f a c i l i t y  f o r  t h e  

p a r t i c u l a r  experiment. 
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APPENDIX A 
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EG&G QUESTIONNAIRE 

FOR EXPRESSION 0 F . I N T E R E S T  

I N  T P E - I 1  TESTING 



P.O. BOX 1625, IDAHO FALLS. IDAHO 83415 

September 11, 1981 

THERMAL-HYDRAIJI TI: THERMOMECHANICAL TESTING FACILITIES 

Dea r 

EG&G Idaho i s  conduc t ing  a survey o f  t e s t  f a c i l i t i e s  s u i t a b l e  f o r  therma l -  
hydraul  i c  and/or thermomechanical t e s t i n g  o f  f u s i o n  b l  a n k e t l s h i e l ' d  components. 
Th is  survey i s  be ing  conducted as p a r t  o f  Test Program Element- I1  (TPE-11) o f  
t h e  DOE ' O f f i c e  o f  Fus ion Energy F i  r s t  Wall /Bl anke t /Sh ie l  d  Engineer ing Test 
Program. Th i s  l e t t e r  i s  a  reques t  f o r  i n f o r m a t i o n  concern ing t e s t  f a c i  1  i t i e s  
under you r  c o n t r o l  o r  t o  which you may have access which may be s u i t a b l e  f o r  
such t e s t i n g .  

A t e s t i n g  program i s  env i s i oned  under TPE-I1 which w i l l  address t e s t  o b j e c t s ,  
t e s t  c o n d i t i o n s  and performance parameters such as those l i s t e d  i n  Enc losure 
1. The purpose o f  t h e  t e s t  program i s  t o  c o n t r i b u t e  t o  a  t he rma l -hyd rau l i c  and 
thermo-mechanical da ta  base f o r  t h e  des ign  o f  f u s i o n  , r eac to r  b l a n k e t l s h i e l d  
assembl i e s  by conduc t ing  exper iments  on ac tua l  o r  s imu la ted  b l  a n k e t l s h i e l  d 
components. These exper iments  w i l l  p i n p o i n t  s p e c i f i c  needs f o r  f u r t h e r  
research  and p r o v i d e  data on concepts f o r  b l a n k e t l s h i e l d  designs. The i n f o r -  
mat ion  c o l l e c t e d  as p a r t  o f  t h i s  survey w i l l  be pub1 i shed  i n  a  r e p o r t  t o  
Argonne Nat iona l  Laboratory .  They a re  d i r e c t i n g  t h e  t e s t  program. That 
program i s  expected t o  beg in  i n  approx imate ly  s i x  months and t o  run  f o r  two 
years  w i t h  p o s s i b l e  ex tens ions .  

Would you p lease respond t o  t h e  ques t ions  o f  Enc losure 2. We would welcome 
s p e c i f i c a t i o n  sheets,  1  ayout  drawings, f l  owsheets, e t c .  A d d i t i o n a l  l y ,  we 
would be p leased t o  d i scuss  you r  response by telephone. 

We reques t  t h a t  you respond by September 25, 1981. I f  you have ques t ions ,  
p lease c a l l  Dr. Glen Longhurst  a t  (208)  526-9950 o r  FTS 583-9950. 

Very t r u l y  yours ,  

P. Y. Hsu 
TPE-I1 Program Manager 
Fus ion Technology Program 
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TEST OBJECTS AND CONDITIONS TO BE ADDRESSED IN TPE-I1 

The t e s t i n g  being planned f o r  TPE-I1 w i l l  begin w i t h  f a i r l y  smal l -scale,  
separa te-e f fec ts  t ype  t e s t s  and progress t o  l a r g e  sca le  i n t e g r a t e d  system 
t e s t s .  Typ ica l  o b j e c t s  t o  be t e s t e d  i nc lude :  

( a )  Mono1 i t h i c  s t a i n l e s s  s t e e l  b locks  w i t h  i n t e g r a l  cool i n g  channels. 

( b )  S ta in less  s t e e l  /boron ca rb ide  composite b locks  w i t h  i n t e g r a l  c o o l i n g  
channel s. 

( c )  Facsimi les o f  modular sol  i d  breeder c a n i s t e r s  w i t h  i n t e g r a l  cool i n g  
channel s. 

( d )  Facsimi l  i e s  o f  modular 1  i q u i d  metal cooled c a n i s t e r s  w i t h  i n t e g r a l  
1 i q u i d  metal f l o w  paths. 

( e )  ' Advanced vers ions  o f  o b j e c t s  ( a )  th rough (d )  above o u t f i t t e d  w i t h  
mani f o l d s  , connectors, and support pieces. 

( f )  Versions o f  o b j e c t s  ( a )  through (e )  above connected in s e r i e s  o r  i n  
para1 l e l  w i t h  one o r  more a d d i t i o n a l  o b j e c t s  o f  t h e  same type. 

Tes t i ng  c o n d i t i o n s  sought w i l l  be r e p r e s e n t a t i v e  o f  a n t i c i p a t e d  b l a n k e t / s h i e l d  
environments f o r  near term f u s i o n  'machines. These c o n d i t i o n s  w i l l .  vary 
depending on the  b l a n k e t / s h i e l d  design be ing  t e s t e d  bu t  may i nc lude :  

(1) Simulated assymmetric b u l k  ( n u c l e a r )  heat ing  up t o  40 w/cc (peak 
heat ing  r a t e )  f o r  normal , c o n d i t i o n  t e s t i n g  and up t o  100 w/cc f o r  
t r a n s i e n t  c o n d i t i o n  t e s t i n g .  [For o b j e c t s  (a )  ' through ( f )  above.] 

( 2 )  Pressur ized water coo lan t  ope ra t i ng  a t  coo lan t  e x i t ' t e m p e r a t u r e s  up t o  
300 C and coo lan t  pressures up t o  2000 p s i .  [For o b j e c t s  ( a ) ,  ( b ) ,  
( c )  , 'and. where appropr i  a te ,  ( e )  , , and ( f )  above. 

(3)  Pressur ized .hel ium coo lan t  ope ra t i ng  a t  coo lan t  e x i t  temperatures up 
t o  600 C and coo lan t  pressures up t o  1000 ps i .  [For objec,ts ( c )  and, 
where appropr ia te ,  (e )  and ( f )  above.! 

( 4 )  L i q u i d  metal cool  a n t  ope ra t i ng  a t  coo lan t  e x i t  temperatures lp t o  450 
C and pressures up t o  500 ps i .  [For o b j e c t s  (d )  and, where 
app rop r ia te ,  (e )  and ( f )  above.: 

(5) Peak s t r u c t u r a l  temperatures t h a t  a re  c o n s i s t e n t  w i t h  recommended 
upper. l i m i t  values based on e x i s t i n g  m a t e r i a l s  performance data. 



Response o f  t e s t  p ieces t o  bo th  normal and of f -normal  o r  t r a n s i e n t  c o n d i t i o n s  
w i l l  be i nves t i ga ted .  The r e l a t i o n s h i p s  between t h e  parameters and 
r e l a t i o n s h i p s  shown i n  Table 1 w i l l  be sought under each c o n d i t i o n  as shown. 

Table 1 

DESCRIPTION OF FW/B/S PERFORMANCE PARAMETERS AND 
RELATIONSHIPS TO BE AOU#ESSED AS PART OF TPE-11 

. PerbFurmancc Feature Normal T rans ien t  

Performance Parameters 

- Cool an t  Temperature P r o f i  1 e 
- Test Object Temperature P r o f i l e  
- Cvolant Pressure Urop 
- Coolant V e l o c i t y  P r o f i l e  
- Operat ional  Heat Trans fer  C o e f f i c i e n t  
- Local S t r a i n s  and Stresses 
- Deformations/Expansions 
- V i b r a t i o n  C h a r a c t e r i s t i c s  
- Flow R e d i s t r i b u t i o n  
- Temperature Redi s t r i  b u t  i o n  

Performance Re1 a t i  onshi ps 

- Steady-State and C y c l i c  Operat ion 
- F a i l u r e  Mode 
- S e n s i t i v i t y  t o  Geometry 
- Power Trans ien ts  
- P a r t i a l  Flow Blockage 
- Loss o f  Coolant Flow/Pressure 
- Adjacent Module ' F a i l u r e  



Response o f  t e s t  p ieces  t o  b o t h  normal and of f -normal  o r  t r a n s i ' e n t  c o n d i t i o n s  
w i  11 be i n v e s t i g a t e d .  The re1 a t i  onshi ps between t h e  parameters and 
r e l a t i o n s h i p s  shown in.  Table 1 w i l l  be sought under each c o n d i t i o n  as shown. 

Table 1 

DESCRIPTION OF FW/B/S PERFORMANCE PARAMETERS AND 
RELATIONSHIPS TO BE AODRESSED AS PART OF TPE-I1 - 

Operat i ng Condi t i  on 

Performance Feature 
. - 

Performance Parameters 

- Cool a n t  Temperature P r o f i  1 e 
- Test Object  Temperature P r o f i l e  
- Coolant Pressure Drop 
- Coolant V e l o c i t y  P r o f i l e  - Operat ional  Heat T rans fe r  C o e f f i c i e n t  
- Local S t r a i n s  and Stresses - Oeformations/Expansi on's - V i b r a t i o n  Charac te r i  s t i c s  
- Flow Redi s t ~ i b u t i o n  - Temperature Redi s t r i  b u t  i o n  

Performance Re1 a t i  onshi ps 

- Steady-State and Cycl i c  Opera t i  on 
- F a i l  u re  Mode 
- S e n s i t i v i t y  t o  Geometry 
- Power T rans ien ts  
- P a r t i a l  F1-ow Blockage - Loss o f  Coolant  Flow/Pressure 
- .Adjacent  Module Fai  1 u r e  

Normal T rans ien t  
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. . 

QUESTIONNAIRE FOR TPE-I1 FACILITY SURVEY 

1. What f a c i l i t i e s  do you have f o r  conduct ing steady o r  cyc l - i c  thermo- 
mechan,i c a l  hea t i ng  experiments? 

a. What i s  t h e  heat source? 

b. What i s  t h e  t e s t  environment (vacuum, i n e r t  gas, e tc . )?  

c. What s i z e  and c o n f i g u r a t i o n  o f ' t e s t  p ieces w i l l  they  accommodate? 

d.' What m a t e r i a l s  can be accommodated i n  t h e  t e s t  space? 

e. What range o f  temperatures and/or power can be achieved? 

f. What a re  t h e  r i s e  and decay t imes o f  temperaturelpower i n  these 
f a c i l i t i e s ?  

g. What c a p a b i l i t y  e x i s t s  f o r  a c t i v e  c o o l i n g  o f  a t e s t  p iece  i n  these 
f a c i l  i t i e s ?  

h. How are  these f a c i l  i t i e s  inst rumented? 

i .  Wha.t i s  t he  a v a i l a b i l i t y  and approximate ope ra t i ng  c o s t  o f  these 
f a c i l  i t i e s ?  

j. What suppor t ing  f a c i l  i t i e s  a re  a v a i l a b l e ,  e.g., machine shops, 
a n a l y t i c a l  1 abo ra to r i es ,  etc.? 

k.  What a re  t h e  numbers and q u a l i f i c a t i o n s  o f  personnel a v a i l a b l e  t o  
support  t e s t s  i n  these f a c i l i t i e s ?  

1. What o the r  aspects of these f a c i l i t i e s . w o u l d  be p e r t i n e n t  t o  t e s t s  o f  
t h i  s . t ype?  



2. Wi th  respec t  t o  thermal  -hydrau l  i c  t e s t  f a c i l  i t i e s ,  p l ease  answer ( a )  
t h rough  (1 ) above and t h e  f o l  1 owing a d d i t i o n a l  ques t ions .  

a. What i s  t h e  c o n f i g u r a t i o n  o f  t h e  f a c i l i t y  ( c i r c u l a t i o n  l oop ,  
b l  owdown, two-phase , e t c .  ) ?  

b. , What f l  u i d s  can be used? (H20, gas, 1  i q u i d  meta l  , e t c .  ) 

c. What heat  sources  and s i n k s  a r e  a v a i l a b l e ?  

d. What f l 'ow r a t e s ,  p ressures ,  p ressu re  drops,  v e l  o c i  t i e s ,  etc. ,  can be 
a t t a i n e d ?  

3.  What c a p a b i l i t y  do you have f o r  p r o v i d i n g  n u c l e a r  heat lng? 
- . 

a. What neu t ron  f l u x  i s  a t t a i n a b l e ?  

b.  What i s  t h e  s i z e  and c o n f i g u r a t i o n  o f  t h e  t e s t  volume? 

c. How urslfoi'ili Is l t l e  neu t ron  f l u x  w l t h l n  t h a t  volume? 

d. What a r e  t h e  r a t e  and t h e  d i s t r i b u t i o n  o f  gamma h e a t i n g  w i t h i n  t h e  
t e s t  volume? 

e. What i s  t h e  a v a i l a b i l i t y  and c o s t  o f  u s i n g  t hese  f a c i l i t i e s ?  

f. What i s  t h e  e n v i  ronment (medi urn, tempera tu re ,  p ressure ,  e tc .  ) o f  
t h e  t e s t  space? 

g .  What s u p p o r t i n g  f a c i  1  i t i e s  a r e  ava i  1  abl,e? 

h. What s u p p o r t i n g  personnel a r e  ava.i 1 ab le?  



With respect  t o  thermal -hydraul i c  t e s t  f a c i l  i t i e s  , please answer ( a )  
th rough (1 ) above and t h e  f o l  1 owing a d d i t i o n a l  quest ions.  

a. What i s  t h e  c o n f i g u r a t i o n  o f  t h e  f a c i  1 i t y  ( c i r c u l a t i o n  loop,  
b l  owdown, two-phase, e tc .  ) ?  

b. , What f l  u i d s  can be used? (H20, gas. 1 i q u i d  metal , etc.)  

c. What heat sources and s inks  are  a v a i l a b l e ?  

d. What f l  ow ra tes ,  pressures,  pressure drops, ve l  o c i  t i e s ,  etc. ,  can be 
a t t a i n e d ?  

3 .  What c a p a b i l i t y  do you have f o r  p r o v i d i n g  nuc lea r  hea t ing?  

a. What neutron f l u x  i s  a t t a i n a b l e ?  
I. 

b. What i s  t h e  s i z e  and c o n f i g u r a t i o n  o f  t h e  t e s t  volume? 

c. How un i fo rm i s  t h e  neutron f l u x  w i t h i n  t h a t  volume? 

d. What a re  t h e  r a t e  and t h e  d i s t r i b u t i o n  o f  gamma 'heat ing  w i th i ' n  t h e  
t e s t  volume? 

e. What i s  t h e  a v a i l a b i l i t y  and c o s t  o f  u s i n g  these . f a c i l i t i e s ?  

f .  What i s  t h e  environment (medium, temperature, pressure, e tc . )  o f  
t h e  t e s t  space? 

g . What suppor t i ng  f a c i  1 i t i  es a re  ava i  1 abl  e?  

h. What. suppor t i ng  - personnel a re  ava i  1 abl e? 
. . 
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Hanford Engineering 
Development Laboratory . P . 0 .  BOX 1970 RICHLAND. W P  99352 

September 18, 1981 

D r .  P. Y .  Hsu 
TPE-I1 Program Manager 
Fusion Technology Program 
EG&G Idaho, Inc .  
P. 0. Box 1625 
Idaho F a l l s ,  ID  83415 

Dear D r .  Hsu: 

As you may know, HEDL responded t o  the  c a l l  f o r  expression o f  i n t e r e s t  (EOI) 
f o r  TPE-11. Much o f  what you requested i n  your  September 11 l e t t e r  i s  
contained i n  the  EOI, which I understand i s  n o t  a v a i l a b l e  t o  you through 
Argonne. We a r e  fo rward ing  appropr ia te  sec t ions  o f  t h e  EOI f o r  use i n  
your  survey. 

The ma te r ia l  p rov ided i s  i n  ske le ton  form., Should you r e q u i r e  a d d l t l o n a l  
in fo rmat ion ,  please f e e l  f r e e  t o  c a l l .  One area n o t  covered s u f f i c i e n t l y  
i n  our TPE-I1 proposal i s  t he  experiment support f a c i l i t i e s  a t  HEDL. 
These f a c i l i t i e s  a r e  used f o r  design, f a b r i c a t i o n  and t e s t i n g  o f  a wide 
v a r i e t y  o f  nuc lear  t e s t s .  Most o f  t he  e f f o r t s  i n v o l v e  i n - r e a c t o r  i n s t r u -  
mented t e s t  vehic les.  Because o f  t h i s ,  HEDL has developed e x c e l l e n t  
f a c i  1  i t i e s  f o r  f a b r i c a t i n g  and working w i t h  phys ica l  measurement apparatus 
i n c l u d i n g  thermocouples, heat pipes, transducers, accelerometers, f low-  
meters, heaters, s t r a i n  measuring devices, and pressure measuring devices 
t o  name a few. 

I n  a d d i t i o n  t o  i n - r e a c t o r  t e s t s ,  the  experimental  support l a b o r a t o r i e s  
prov ide  techn ica l  backup t o  FMIT and RTNS-11. We b e l i e v e  t h a t  our  t e s t  
support  f a c i l i t i e s  a r e  unequaled elsehhere i n  t h e  nuc lear  community. 

Components Techno1 ogy 

Enclosure 

Westinghouee Hanford Company/A subsidiary of Westinghouse Electric Corp/Operatlng the Hanford Engineerlng Development Leboratory tor the USDOE 



HYDRO-MECHANICAL TEST LOOPS AND POWER SUPPLIES 

FOR TPE- I I 



HYDRO-MECHANICAL F A C I L I T I E S T O  B E  USED I N  T P E - I I _ T E S T I N G  . .. . . . . . . . 

2. Future expected' use of these facilities is low enoughthat no scheduling confllcts are. 
expected which would prevent running substanti a1 FW/B/S tests in t he  ..t ime p e r i o d  proposed 

a Addition of a shell and tube hex at low cost would extend heat dissipation to an$ de 
. 4 1  . 

@ Addition of a heat exchanger is required to match heat input; 4 ' 
t r  1 If 

I . ,  

@ Existing heat removal may have to be increased. . . . . 

-;' . . @ Can easily upgrade to at least 1000°F. 
' 

: . .  
1. - 

- '  @ . Limit appl ies to He compressor. Higher test section outlet temperatures can be obta-ined tiy adding a 
heat excllangcr downstream of test section. . . 





WAYNE L. THORNE 
MANAGER, HYDRAULICS & MECHANICS 
BSME OREGObI STATE UNIVERSITY 1957 

Mr. Thorne worked in f l u i d  mechanics and heat t r ans fe r  applied development 

i n  support of hinford Production Eeactors, the Pl t~toniurn Recycle Test 

. Reactor, Canadian CANDU Reactors, and Hanford's N Dual-Purpose Reactor fo r  
t en  years w i t h  the General Elec t r ic  Company. Full sca1 e and modeled elec- 
t r i c a l l y  heated simulated fuel columns were used in pressurized water cool- 

I 

i n g  experiments t o  determine maximum allowable operat ing conditions. Heat 
fluxes to  10 MW/M2 coolant temperatures t o  635OF and pressures t o  2500 psig 
were used. During his f i v e  years with Battel l e t  s Pac i f i c  Northwest Laboratory, 
heat t r ans fe r  and f l u i d  mechanics experiments in the  above-areas continued 

plus s imilar  experiments, under contract,  f o r  Westinghouse PWR's. Mr. Thorne 
was manager of Experimental Thermal Hydraul ics  f o r  Battel  l e .  During Mr. 
Thorne's ten years  with the  Hanford Engineering Development Laboratory, work 
has included design, construction, and operation of a 600 gpm Liquid Sodium 
-System with capabil i t y  f o r  u s i n g  e l e c t r i c a l l y  simulated fuel elements f o r  
steady s t a t e  and t r ans i en t  heat t r ans fe r  s tudies;  design,  construction, and 

operation of a 600 gpm Liquid Lithium System i n  support of Fusion Materials 

I r rad ia t ion  Testing; and management of Hydraul i c s  and Mechanics ( s t r e s s ,  
vibrat ion,  shock, and seismic loadings) in  support of LMFBR, Fusion and Base 

Techno1 ogy programs. 



. .  DEAN R. D I C K I N S O N ,  P R I N C I P A L  E N G I N E E R  

PhD, Chemical Engine?ring, University of Wisconsin, 1958 

Dr. Dickinson has 23 years of experience in research, development, and 
r 

testing i n  the areas of corrosion, reactor coolant systems, heat transfer, 

. . a n d  fluid mechanics. I..!? has been respor~sible fa r  planning test programs 
i n  these areas, performing the tes ts ,  and interpreting the results. Heat 
tra'nsfer experience has incl uded extensive work with high-pressure water 
and tes ts  w i t h  el ec tnca l  resistance heating producing surface heat fluxes 

up t o  5 ~ ~ / r n z .  Other experience potentially applicable t o  FW/a/S problems 
include spray cooling o f  hot metal surfaces, scale deposition t o  water under 

high heat flux Bnd radiation, gas cooling of simulated irradiated nuclear 

fuel assembl i es , and i n-reactor cool an t  and carrosi nn testing . 
. . 



J. A. RYAN 

FELLOW ENGINEER 

Mr. Ryan's present assignments are primarily in  the areas of applied and 
experimental mechanics. He i s  responsi b l  e for  the  appl  i cc t ion  o f  computer- 

a i  ded-desi gn techniques t o  in-house experimental h igh  temperature t e s t  1 uups. 
Additionally, the analyt ical  areas have included e l a s t i c  and i n e l a s t i c  
ana lys i i  of companents subjected to thermal shoc,k. Mr. Ryan a1 so  d i r ec t s  
the a c t i v i t i e s  o f  ' the vibration t e s t  and analysis  group. The t e s t i n g  includes 

modal t e s t ing  as  we1 1 as  f l  ow-induced vibration t e s t i n g ,  data acquisi  t i o i  and' 
analysis.  



FREDERICK R. FISHER, ADVANCED ENGINEER 

MSEE University of Michigan (1 967) 

Mr. Fisher workgd on design and spec i f ica t ion  o f  nuclear data  acquisi t ion 

equipment and data analysis ,  including computer in te r fac ing  and appl ica t ion ,  
during three  years w i t h  Battel f e '  s  Pac i f ic  Northwest Laboratory. During . 

. . .- t he  succeeding nine years  a t  Westinghouse Hanford, he developed thennal, 

tlydrdul lc, and rnechanlcal d a t a  e c q u i s i t ~ o n  systems f o r  reac tor  models ind . - . . 

prepared acceptance test  procedures and design modifications f o r  the  High - ,. 
. . 

Temperature Sodium Fac i l i t y  process control and monitoring instrumentation.' 

Current assignments include software development f o r  thermal-hydraulic t e s t -  
ing and hardware and software development f o r  advanced ul t rasohic  inspection 

. - 
techniques. 



JAMES L .  STRINGER, SENIOR ENGINEER 

BSEE, Oklahoma State University (1956) 
MSEE, University of Washington (1966) 

Mri Stringer wnrked-on the development of nuclear radiation detection process 

and dosimetry instrumentation systems for, general plant use and s p e c ~ f i c  

f a c i l i t i e s  during his nine years w i t h  General Electric Company. 5uring h i s  . . ' 

f i ve  years w i  t h  Bat te l le ' s  Pacific Northwest ~ a b o r a t o r ~  i n  the Appl ied physics 
Group, he participated i n  the development of a liquid surface ultrzsonic holo-. ' 

graphy. system, 'as we1 1 as  h i g h  energy 'pulsed 1as'cr systems. Dur ing  t h i s  time ,' 

he led the development of an ultra-low noise charge sensi t ive  amplifier fo r  
I 

use w i t h  high resolution gamma energy detectors. During the past 10 years he . . ' 

has been with the Hanford Engineering 'Development Laboratory where signif icant  

contributions have been made in both process . . and special instrumentation ' . , . 

systems used i n  liquid sodium systems. In the past three  years he has par t ic i -  

pated i n  the successful development of four sensors which have been instal led 
in  the  cefitral LOFT reactor fuel bundle. ' These sensors which include . . 

measurements of temperatures t o  4000°F' (2200°C), pressures t o  2500 psig and 

displacements t o  I-inch' were 'required to meet accuracies of 2%. t o  3% of reading 

while being subjectzd t o  envi ronmental transients which exceeded 600°F per . 

minute and pressures to  2500 p s i g .  The successful completion of t h i s  program 
. . -required the development of special materials and' processes t o  meet t he  size ,' .; . 

. . , .- . .  . . 
and performance requirements. Mr. s t r inger  holds 4 patents. and has authdred ' . .., . .,, . 

numerous pub1 i ca t i  ons. . . 
. . 
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September 18, 1981 

Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington U.S.A. 99352 
Telephone (509) 375-2873 
Telex 15-2874 

P. Y. Hsu 
TPE-I I Program Manager 
Fusi on Techno1 ogy Program 
EG&G 
P. 0. Box 1625 
Idaho F a l l s ,  Idaho 83415 

SUBJECT: THERMAL-HYDRAULIC THERMOMECHANICAL TESTING FACILITIES 

Dear M r .  Hsu: 

As p e r  you r  request i n  a September 11, 1981 l e t t e r  t o  D. E.  Olesen, 
we have at tached a l i s t i n g  o f  f a c i l i t i e s  operated by B a t t e l l e  P a c i f i c  
Northwest Labora tor ies  t h a t  cou ld  be used t o  per form separate e f f e c t s  
t e s t  on f u s i o n  r e a c t o r  f i  r s t  wal l / b l a n k e t / s h i e l d  components. Th is  1 i s t -  
i n g  was p rev ious l y  prepared as p a r t  o f  PNL's response t o  TPE-I and s t ~ o u l d  
answer most o f  your  quest ions.  I f  you have quest ions concerning any of 
these f a c i l i t i e s ,  please c a l l  J im Creer (509) 375-2664 o r  w s e l f  (509) 
375-2873. 

S incere ly  , 

M. A. McKinnon 
Senior Resea.rch Engi neer 
Energy Systems Engineering Sect ion 

MAM : f o 

Attachment 



8.0 EXPERIMENTAL A N D  OTHER FACILITIES (TOPIC H) 

PNL and BEC have selected thermal-hydraulic and thermal-mechanical 

f a c i l i t i e s  tha t  could be used t o  perform selected FW/B/S t e s t s .  The PNL 

f a c i l i t i e s  a re  owned by DOE and there a r e  minimal f a c i l i t y  use charges t o  

DOE-sponsored projects.  The major cost associated with the  experimental 

f a c i l i t i e s  i s  the  charge fo r  power consumption. 

The use of these exis t ing DOE t e s t  f a c i l i t i e s  would permit separate 
e f f ec t s  t e s t ing  (e.g. ,  hydraulic characterizatio'n, c r i t i c a l  heat flux, e t c . )  
t o  be i n i t i a t e d  during the second year 'o f  the project. Data obtained from 
these ear ly  experiments would s tar . t  the formation of a data base for  
follow-on tes t ing  and for  analyt ical  model development. Adequate analytical 
models or design analysis capab i l i t i e s  a re  necessary fo r  planning and 

performing larger  combined e f fec t s  and integrated ef fec ts  t e s t s .  

I f  PNL and BEC were selected t o  perform TPE-I, fusion work requiring 

use of the PNL f a c i l i t i e s  ident i f ied in the following sections would 

receive f i r s t  p r ior i ty .  Other projects requiring use of these f a c i l i t i e s  

and BEC f a c i l i t i e s  would be coordinated with the schedule of the FW/B/S 

project so tha t  TPE-I milestones will be met. Past experience and the 

projected future use of these f a c i l i t i e s  indicate tha t  th'e progress of 

the FA/B/S tes t ing  project will not be affected by other projects. 

8.1 PNL FACILITIES 

Four major thermal-hydraul i c  experimental f a c i l i t i e s  tha t  can be 

used t o  perform FW/B/S tes t ing  a re  br ie f ly  described be1 ow, Discussions 

of other equipment and f a c i l i t i e s  such as data acquisit ion systems, computer 

faci 1 i t i e s ,  and instrumentation cal i bration laboratories a r e  a1 so presented. 

8.1.1 Hiqh Pressure Heat Transfer Fac i l i ty  

The high pressure heat t ransfer  f a c i l i t y  i s  a s ta in less  s tee l  recircu- 

la t ing  loop capable of supplying high pressure single phase water or two- 
phase steam-water t o  t e s t  pieces under investigation. The following loop '  

operzting conditions can be obtained: 

250 gpm @I450 f t  head 

2200 psig 

615 '~ 



4 MW and 1.25 b1W dc power supplies 

Both horizontal and ver t ica l  t e s t  pieces can be accommodated in the  two 

t e s t  section areas.  

A 1.25 MW (50 v ;  22,500 amps) dc power supply (two motor generators) 

i s  normally used to  supply power t o  a preheater t o  obtain desired i n l e t  

t e s t  piece coolant temperatures. Automoti ca l l  y control 1 ed power ramps 

can be obtained, and ramps of 0-90% over 1-2 seconds a re  possible. The 

4 MW (125 v ;  32,000 amps) s i l icon  r e c t i f i e r  power supply i s  . . u.sua1ly used 
t o  provide ' power t o  a t e s t  piece. Automat i cal ly-control 1 ed power ramps 

over 1-100 seconds can be produced. Steep power ramps of 0-90% i n  1-2 sec. 

can be provided. The e l ec t r i ca l  buss system i s  designed t o  permit eith.er 

power supply  t o  be used fo r  e i the r  t e s t  piece or preheater, power. 

The f a c i l i t y  has been used extensively f o r  performance of thermal- 
hydraul i cs experiments re1 ated t o  nucl ear  techno1 ogy. The fol 1 owing 1 i s t  

i den t i f i e s  typical s tudies  performed i n  the f a c i l i t y  i n  the  past: 

Cr i t ica l  Heat Flux 
Single and Two-Phase Pressure Loss 

Theryal Mix ing  

Flow Ins t ab i l i t y  

Transient Heat Transfer '  

Spray Cooling 

. Fretting-Corrosion 

The past s tudies  on cr i ' t i ca l  heat f lux,  flow i n s t a b i l i t y ,  and f r e t t i n g -  

corrosion a re  s imilar  t o  those tha t  could be performed as part  of the  

FW/B/S ' t e s t  project. 

8.1.2 Hiqh Pressure Low Flow Heat Transfer Fac i l i ty  

A second high pressure s t a in l e s s  s tee l  f a c i l i t y  w i T l  a l so  be avai lable  
t o  the FW/B/S t e s t  project.  This loop i s  smaller and does not have the 

flow capacity 0.f the f a c i l i t y  presented in the previous section. Typical 

operating conditions are:  

100 gpm @I80 f t  heat 

2000 psig 

600 '~  
35 kW ac power supply 



The buss system of the 1.25 and 4 MW power supplies could be rero~uted to 
provide more power to the high pressure low flow facility. 

This facility has been used to perform such studies as nuclear fuel 
pin rupture characteristics, film boiling heat transfer, and electrically 
simulated FFTF fuel pin instrumentation integrity tests. The loop eontrol 

console is present1.y being upgraded to permit unattended operation. 

8.1.3 Hydraulic Facility 

The hydraulic facility is constructed of carbon steel and can be 
operated as a once-through or recirculating system. The loop is equipped, 
with four punlps that can be combined to prov,icle the following 'operating 

conditions: 

700 gpm @ 1150 ft head (1800 gpm @210 ft head) 

500 psig 
250'~ 

75 kW ac power supply 

The buss system of the 1.25 and 4 ,19W power supplies could be rerouted 
to provi'ded more power to this facility. 

The loop is equipped with a laser Doppler anemometer (LDA) to permit 

local measurements of velocity and turbulence intensity. The LDA'system 

and other temperature, pressure, and flow instrumentation have resulted 

in the following types of studies being conducted in this facility: 

Single phase pressure loss 
Hydraul ic characterization (velocity, turbulence intensity) of rod 

bundl es 
Hydraul ic characterization of rod bundle spacers 

Flow distributions near blocked bundles 
Natural, forced, and combined convection flow in rod' bundles 

Flow characterization of FW/B/S test pieces could be investigated using 

the hydraulic facility if this degree of detail becomes necessary. 

The hydraulic facility is also equipped with two NBS-traceable flow 

meter calibration l'oops. The low flow calibration loop can be used to 

calibrate flowmeters in the 0.1 gph-100 gpm. range. The high flow calibration 

loop can be used up to 1100 gpm. 

8.3 



8.1.4 High Temperature He1 ium Loop 

A hig.h tempel-atui-e he1 i um loop i s  avai 1 able for  investigating gas 
coolant heat t ransfer .  The following operating conditions can be obtained 
w i t h  the loop: 

400 1 b/hr 

300 psig 
2 1 0 0 ~ ~  
120 kW ac power supply 

Two t e s t  section zones a re  provided f o r  t e s t  piece evaluation. One 
t e s t  section i s  oriented horizontally,  and the other  ver t ica l ly .  The two 
t e s t  sections can be used separately o r  simultane'ously. 

The loop i s  equipped with a gas purification/monitorin.g system tha t  

will permit impurity control. The system ~ 1 . 1 1  produce ul tra-high purity 

he1 ium with l e s s  than, 1 ppm to ta l  impurities; i'ncluding water. 

8 ,1,5 Data Acquisition Irlstrumentation 

Three types of data acquisit ion systems (DAS) can be used t o  support 
tes t ing a c t i v i t i e s  i n  the four previously discussed experimental faci  1 i  t i e s .  

They are:  

PDP-11/34 computer 
Monitor Lab 10091, DAS with magnetic tape 

Fluke 2240 DAS with magnetic tape 

These systems supplement standard 1 oop instrumentation and chart  recorders 

found i n  each heat t ransfer  f a c i l i t y .  

8.1.6 Instrumentation Calibration Lab 

PNL does not operate an instrumentation ca l ibra t ion  laboratory a t  

  an ford. However, the Hanford Engineering Development Laboratory (HEDL), 
operated fo r  DOE by Westinghouse, does have an NBS-traceable laboratory,. 

Essentially,  a l l  PNL instrumentation ca l ibra t ions  a r e  performed in t h e  H E D L  

standards lab. This eliminates the cos t ly ,  time-consuming need t o  go o f f s i t e  

fo r  cal ibrat ion services.  As mentioned in a previous sect ion,  one of the 

PNL f ac i l  i  t i e s  i s  equipped with  itrac race able flowmeter cal i brati,on loops. 



8.7.1 Large Computer F a c i l . i t i e s  

PNL has access t o  an ons i  t e  Univac 1100 operated by Boeing Computer 

se rv i ces  f o r  DOE. PNL .can use t h e  Brookhaven CDC 7600, t h e  Los Alamos 

CDC 7600, and t h e  U n i v e r s i t y  Computer Center (Da l las ,  Texas) ~ n i v a c  1108 

and CDC 6600 on DOE-sponsored p r o j e c t s ,  w i t h  spec ia l  permiss ion f rom DOE. 

B a t t e l  le-Northwest  'owns a VAX computer, which can 'a1 so be used w i t h  permi ss ion 

from DOE. 
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BOEING ENGINEERING AND CONSTRUCTION COMPANY 
P.O. Box 3707 
Seattle, Washington 981 24 

A Division of The Boeing Company 

October 2 ,  1981 

Dr. P.  Y .  Hsu 
TPE-I I Program Mnnager 
Fusion Techno1 ogy Program 
EG&G Idaho Inc. 
P.O. Box 1625 
Idaho Fa1 l s ,  Idahn 8341 5 

Dear Dr. Hsu, 

I apologize fo r  the lateness of t h i s  response b u t  i t  i s  my understanding tha t  
you are s t i l l  in a position to  consider capabi l i t ies  fo r  TPE-I1 t e s t s .  

The Boeing Company i s  equipped to  support areas 1 ,  and 2 of your questionnaire; 
namely, thermo mechanical heating and thermal-hydraulic testing. We are  not,  
however, presently equipped t o  perform i n  the area of nuclear heating. 

I am enclosing a summary of our relevant capabi l i t ies  which were submitted as 
part  of an e a r l i e r  response to  TPE-11. You will note tha t  the radiation sources 
are  Xenon arc  lamps. The t e s t  environments we can provide are versa t i le  
including vacuum, and ine r t  gas. O u r  t e s t  chambers will accommodate very large 
t e s t  pieces. We have also small chambers which can be more economically 
employed fo r  smaller items. We have a comprehensive range of machine shops, 
analytical laboratory support, and personnel s k i l l s .  We are  prepared to  provide 
approximately costs  i n  response t o  a more detailed inquiry. 

A1 though not specified i n  the enclosed information, we be1 ieve we have the 
necessary equipment t o  provide fo r  the thermal hydraulic tes t ing and would be 
pleased to  address your specif ic  needs. 

If  you have fur ther  questions, do not hesi ta te  t o  c a l l .  

Yours' t ru ly ,  

R.  Bryan Cairns 
Manager 
Advanced Technologies 



BOEING ENGINEERING AND CONSTRUCTION COMPANY 

CAPAB I LI TI ES 

o High F lux T e s t  F a c t l i t i e s  

o Space Environment S imu la t i on  Labora to ry  



H I G H  FLUX TEST F A C I L I T I E S :  

D E S C R I P T I O N  AND A P P L I C A T I O N S  . . 

PREPARED BY THE SOLAR/THERbML R A D I A T I O N  LABORATORY 

A .  R. LUNDE' 
7 7 3 - 8 5 1  6 

STEVEN DURICK 
7 7 3 - 8 5 1  6 

B O E I K G  AEJCSPACE C0i:IPANY 
K e n t  Space C e n t e r  
P .O.  Sox 3939, M/'S 8 6 - 0 1  
S e a  t t l  e ,  i i z s n i n g t o n  9 8 1  2 4  



FACILITY UPDATE 

The General Purpose Loops No. 1 and No. 2 
(GPL-1, GPL-2) were commissioned in 1967 
a n d  1 9 7 1 .  r e s p e c t ~ v e l y .  Y l ~ e s e  h i g h -  
temperature sodium test faci l i t ies were de- 
signed, as their names imply, as general ,loops 
for utilization in a wide range of concurrent test 
programs. This approach deviates from the "one 
facility - one program" concept, resulting in ful- 
ler utilization of both facilities and manpower on 
LMFBR Programs. 

GENERAL PURPOSE SODIUM LOOPS (GPL) 

Both GPL's have employed the "parallel test 
section" approach over their operational life. 
Facility design is such that test articles can be 
installed, removed, or serviced in these parallel 
test section areas while the facility continues 
operation on other onrgoing programs. The re- 
sult is full facility utilization with optimum eco- 
nomic benefiis to the customer. Facility oper- 
ating costs to be incurred by any one program 
can be minimized by (1 sharing operating costs 
with concurrent programs, or (2) operating with 
more than one test section. 

cuits. resulting in increased versatility. The re- 
sults have been to increase the versatility o f  the 
facility. The GPL-1 facility is now a two-loop 
system, and GPL-2 is three-loop. The resuective 
facility expansions identified above provide fa- 
cility versatility by (1) providing increased flow 
and power capability for future test programs. 
and (2 )  permitt ing parallel, concurrent oper- 
ation of the various systems at different oper- 
ating conditions. An additional capability that 
the multiple-loop feature brings to the GPL-1 
and GPL-2 facilities is  the ability !o impose 
thermal transients and thermal shocks on test 
articles through the use of circulati,ng sub-loops 
at different sodium temperatures. 

Because of the inherent t ime-consuming 
efforts associated with faci l i ty start-up and 
shutdowns. both facilities are operated on a 
24-hour day, continuous basis. Actual continu- 
ous operating periods for the two facilities have 
ranged from one week to six months. 

In both GPL's, the basic facility has been Both facilities are currently in use on the fol- 
expanded to include parallel sodium test cir- lowing programs: 

GPL- I Rad~al  Bianket Heal Transfer Test Program 
GPL- I LMFBR Thermal S t r ~ o ~ n g  Evaluat~on Program 
GPL- I LMFBR Oouble-'&all Steam Generator Test Program 
GPL- I CRBRP Oynamlc Frlction (Selsmlcl Tesr Program 



, u FACILITY UPDATE 

In summary, ARD currently has two oper- grams. The application of the parallel test sec- 
ational Sodium Test Facilities with capability for tion concept permits maximum economic bene- 
multiple, concurrent test program implementa- fits to the customer; and the application of the 
tion. The upgrading and expansion over the "multiple-loop" concept provides facilities with 
years, including the recent addition of Distribut- full capabilities, including transient and thermal 
ed Data Acquisition Systems at both facilities. s h o c k ,  f o r  f u t ~ ~ r e  D O E  yrogr814imat ic  
provide v~~.sal i le  "tcot beds" tor future DOE pro- requirements. 

-_ I- 
- 

ci~t~ATING AND DESIGN PARAMETERS 

QPL.1 Paclllty . GPL-2 Facility 

GPL-1 . G P ~ -  1 A LOOP ft2 LOOP #PA . ~ O O P  # 2 ~  

Piping 2" Sch. 40 2" Sch. 40 6" Sch. 40 3" Sch. 40 3" Sch. 40 
(304 SS) (304 SS) (304 SS) (304 SS) (304 SS) 

Pump EM Flat Linear EM Flat Linear EM Flat Linear EM Annular Linear EM Annular Linear 
lnduction Pump lnduction Pump Induction Pump Induction Pump lnduction Pump 

Heater 3.4 x 1 o6 BTu/H~ 3.4 Y. 1 o6 BTU/I:lr 4.3 x I u ~ ~ J T U / H ~  3.4 x 1 od BTU/H~ 3.4 x 1 o6 BTU/H~  
Output Output Output Output Output 

Flowrate Up to 200 GPM UP to 200 GPM Up to 2000 GPM Up to 300 GPM ' Up to 300 GPM 

Temperature 1200'F MAX 1 200°F MAX 1 20OVF MAX 1 100°F MAX 1 1 OO'F MAX 

Pressure 330 psig MAX 330 psig MAX 270 psig.MAX 270 psig MAX 270 psig MAX 

Cold Trap Flow 2 GPM 2 GPM 5 GPM 5 GPM 5 GPM 

Oxygen Purity 1 .O to 5.0 PPM 1 .O to 5.0 PPM 1.0 to 5.0 PPM 1.0 to 5.0 PPM l .O to 5.0 PPM 

Carbon Purity 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 

ON-LINE HYDROGEN METER 

Hydrogen Detec- 
tion 

Sodium Chemis- ON-LINE VANADIUM W.IRE STATION 
t ry 
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1.1 General  I n f o r i i i a t i o n  

The S.ol ar/T'nermal Zaai a t i o n  L a b o r a t o r y  has been a c t i v e  i n  d e v a l o p i  ng - 
s  t a t e - o f - t h e - a r t  t ecnno log ies  f o r  n i g h  f l u x  t e s c i  n.g s i n c e  the  1960 ' s .  Ine  

H igh  F l u x  T e s t  F a c i l i t y ,  shown I n  Piyur'cs 1  P. 2, i s  a v c r q a t i l e  Laoo ra to ry  

r a d i a n t  h e a t i n g  system t h a t  c l o s e l y  dug1 i c a t e s  t h e  s p e c t r a l  c o n t e n t  o f  t h e  

sun ' s  r a y s .  T i e  f a c i l i t y  i s  des igned i c r  s o l a r  power eva lua t i on , .  t k e m a l  

n u c l e a r  p u i  se t e s t i n g ,  senera l  onv i  ronnen ta l  e x p e r i r e n  t s  and a  v a r i e t y  o f  

t 5 e m a l  ba lance  s t u d i e s .  The f a e f l l t y  Iras the  c a p a b i l i t i e s  o f  p r ~ d u c i n g  h e a t  

f l u x  o f  0  .I t o  50.0 meqawatts p e r  square r re te r  o v e r  a  t e s t  a r t i c l e  s i z e  o f  

10 t o  3000 square  c e n t i m e t e r s .  Th is  f a c i l i t y  i s  l o c a t e d  a t  t h e  Boe ing Kznt  

Space i t n t e r ,  Kent, Xasni ng ton.  

Tile # i g h  F l u x  Tes t  F a c i l  i zy c ~ n s i s  t s  o f  'a r o i ~ i i ~ n a j  c o n t a i n r e n t  

vesse l  (2; 600)  , s u p p o r t  ' A  Frame' sfructur"and a moun t i ng  a i  i;nzent s t r u c ~ u r ?  

f o r  t he  Xi.:-300 sour52 modules. T i e  X!<-300 i s  a  s;iar s i r n u l o t i o n  i n s t r z z z n t  

cans i s  t i  ng OF a  wa te r - coo led  Xznon s h o r t - a r c  1  amp, ad jus  t a b l l  o v e r  a  n o s i n a l  

i n g u t  p w z r  ? lane  o f  7-35 k i l o w a t i s ,  a  s o l i d  s t a r t  0.i. .?oxer supp ly  w i t n  

s u i t a b l e  c o n t r o l s  and m o n i t o r s ,  and a c o l ' l e c t o r  s y s t t m  t o  t r a n s f e r  the  energy - 
fr3m t h e  s o u r c z  t o  t h e  t a r g e t  p l a n e .  Ine o p e r a t i o n  o f  t h e  XX-30Q i s  e n t i  r e l y  

c o n t r o l l o &  from t h e  c o n t r o l  csnso le ,  wEsrs :he i n s t r u z t n t  nay be t u r n s d  " O l i "  

and "OFF", t h e  l i g h t  source o p e r a t i n g  ?ar:?ottrs zay  be aon i  t o t e d ,  and any . 

n a l  f u n c t i o n s  w i l l .  be i n d i c a t e d .  Tne Xi.!-300 i s  i n t t r n a l  l y  a i r  and water -coo? ?d 

2nd has been d e s i ~ n e d  t o  o p e r a t e  f o r  e x t z n i e d  con t i nuous  o ~ e r a t i o n .  The - 3 i ~ h  F l u x  , ? s t  F a c i i i  t y  u t i l i z s s  Four ( S )  2 - 3 3 0  s c u r = t  modules. 

-. i n 2  X.!-33G o p t i  t a i  s y s t t n  cs '  ; ec t s  ar,d d i  j t l - i b i i f ~ s  t n z  o g t i  c a l  r i d i a -  

t i o n  from a ~,.rattr-coo!gd 29 kilo:.;at'; o r  32 k i  1c:;a:t Xrnon S k o r t - A r t  ?e?? t o  

i; ; ..-: ,..ir,i:e a ? ~ J ~ z c ~ $ C !  61-23. ;l'.~ c1;tical j:/jcir: i s  a s 2 r c i a l i y  ? g v s ; c ? ? i  

; i j t r r - , zz  jl td 5o: j r . :~ eel; %=',in: 5: fy5:---,l);r,=r0j ;ji ;h i f s  f3c . ;~  C-f f i r i + g n t  rv'i f.'l - t h e  a r c  3 i  t k e  l a c ? .  ~ n a  o p t i c a l  s2r;:3ur o f  tho  c o l l e c s o r  c i r r o r  j i i r fac :  i s  



1 . ? . I  Op t i  cal S y s  tem (con:. j 

sn kconic sec t ion  designed to  optimize the energy t r ans f s r  from tne arc  of the 

lamp to the op t i ca l  t r a i n  of the system. The co l lec t td ,  1 igh t  i s  then d i rec ted  

toward the t a r g e t  plane. 

1 .3.2 Eiec t r i  cal Systeil~ 

The 20 ,k i lowat t  and 32 kilowatt  lamps'are powered by a LC-52 D.C., 

t h r t e  phase, i O O Z  ducy cycle r e r t i  f i e r .  type D . C .  power source. Tine D . C .  power 

supply ~ r o v i  ass power to the s t a r t e r ,  which y ie lds  a  6G ,300 v o l t  pulse' r q u i r e d  

t o  icjni te the Xenon lamp, and d i r e c t l y  to  the lamp t o  substair1 'the arc  between 

the Anode and Cathode. 

1 . 2 . 3  Con t a i  nnent Ves sei 

-. ~ n e  con ta ins tn t  vesssl  i s  an a1 ur i inu~ frared supporting s t ruc tu re  

( 2 . G m  x 2 . 3 m  x 1 .3mj ~ n i c t i  can'-,'a.ins tne t e s t  f i x tu r?  s?;pporting f r a n e  and the 

air-act l ia isd bein douser pacidlt. This s t ruci t r re  supports fhe four (4 ' )  X?!-30C 

solircs ciodules and the adjustable  t2s5 plane siructl;;.e. 

The gilfgn Flux ~cs"', F a c i l i t y  has a  wide rar?ge of possibls  t t s t i n s  

a.p?lications.  Tne f a c i l i t y  has the unique a b i l i t y  t o  s i  tker  ad jus t  tbe source 

nodules a1 ignnent o r  ad jus t  the t e s t  plane dis tance f r ~ e  :he i i g h t  sotirce in 
- 

o r d t r  t o  obtain t h ?  desired f l u x  l eve l s  and bean d i a s s t t r s .  , n e s t  a ~ j u s t n e n t s  -. 
allow the t e s t  paraze t t r s  t o  vary a r z a t l y  with res,:ect to  inc ident  heat  :lux 

(0.1 to 50.0 megawa.tts!sq. n e t e r )  and to  the t e s i  a r t i c l e ' s  s i z e  (16 to 4000 

sq. ccntirneters),  ( s s s  f i g ~ r c  3 ) .  iis tcd helo% are  a few of  tke a;pi i ca t ions  

';?in? t,os',ed o r  pltnr;ed for  f s s t i n g  with t h i s  f a c i : i t y .  ' 

2.1 Solar Centrzl ;rcci;.er Cjvi t y  i rsul ' s t ion Evai uasion 

Several d2s i  ;n conctpts  an^ ':ips of insdl c t i ~ n  ;;.2:'5rf S ?  ;.,sf? -14 j Lzd 
-. in -+a -1 , -  ?.:n;n ..- IIU 4- j.07 &r rccei -;era ;r,,$ f j ~ r  q t n t r i t s d  7 i t h t  - t5i-s  o s i t r ;  :.,;~-j, 

\ 

t9 'groduce a  csnc:ntra:ed ff ux 1 tvel.  Se"den 550 ar;d bOC ki 1  G\;.i t:s .;er cqzar-e 
-- - -  -. ..  
I,o= ,=r. o v c r  a 30. c5nti;s:cr di;,-?tcr cf r c l e .  . T h e  j ; ~ c i r z g  v;aj ;?xsc s t  

32"a;:e ;i 1 3533;e hgrj =c;n';;l f 3  j ir.51 c r ~ v j  fe;ior.el e f f 2 c t j  :,;i 

.=.,5 a-'.. - 
i s t 9~6  ~ 3 d g l  j ~ ? d f  r : ~ 5 i v s r .  552 F i ~ a r o  . - 4 .  I C C .  Civity 34:-2; i t  
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2.1 So l a r  Centra l  Eecei ver Cavity I n su l a t i on  Eva1 uz t ion  ( c o n t .  ) 

the  t e s t  plane i  s  shown i n  Figure 5 .  The maximum su r f ace  temperatare  o f  the  

sample before  f a i l  ure was 1  760°C. 

2.2 Nuclear.  Thermal Pulse Set-UD 

2.2.1 General Descr ip t ion  

The Nuclear Thermal Pulse Set-Up i s  used to  s imula te  t he  therrial 

energy r e l ea sed  by a  nuc lea r  de tona t i on .  A schematic o f  t he  t e s t  s e t -up  i s  

shown in  Figure 6 .  The c o l l e c t o r  a i  r e c t s  the  energy from the  lamp down through 

a  l i g h t  p ipe (F igu re  7 )  onto  a  t e s t  specimen. The purpose o f  the  l i g h t  pipe 

i s  to c o l l e c t  the  energy and r e d i s t r i b u t e  i  t uni iormly over  the  t a r g e t  a r e a .  

A s p e c i a l  energy beam douser i s  mounted above the  l i g h t  p ipe .  This wate r -  

cooled douser w i t h  a  spec i a i  shaved a g e r t u r e  i n  the c e n t e r  i s  ~ n e t i r a t i c a l l y  

c c n t r o l i e d .  The douser i s  i n i t i a l l y  pos i t ioned  to block' t he  cnsrgy 5cam. 

Then, on co,xiand, the  douser ?asses  the  zpe r tu r e  t o  the beam c o n t s r l i z e  a t  a  

. c3n i ro l l ed  r zce .  A t  t h i s  po in t  a progranmar t a k ~ s  cve r  con t ro l  o f  t ? ~  Pcwer 

supp l i e s  t n d  decrezses  the  ~ s r n ' ~ s  prrler a t  a r a t e  such t h a t  the t 2 s t  z c s s i b l o  

pulse  width a t  ha1 f maximuin i r r ad i3nce  and tot31 i nc i4en t  rnzrgy r e q ~ i r c d  

a r e  ach ievza .  The douss r  i s  then posi t i oced  t o  block. the  bean. See Fictires 

8 and 9 f o r  photographs o f  t e s t  equipment and tyo ica l  t e s t  s e t -up .  

The u n i i o r n i t y  o f  i r r a d i a n c e  and peak i r r ad i ancn  a re  recoris 'd usin;  

a  X - Y  p l o t t e r  p r i o r  t o  the  t s s t .  This i s  accomplished by scanning ir,? 
- energy b?am with the  couser  o?en. ihe c a i o r i n e t e r  i s  mounted on a  icZnn5r 

arm wi tt; a  o s  i  t i o n - i  nd i ca t i ng '  p o t e n t i o r z t e r  (F igure  1 0 ) .  The c s i o r i z z t e r  

and p o t 2 n t i o n e t s r  a r e  ccnnectod to  t h s  p i o t t z r ,  a n d  the  c a i o r i n f ~ ? r  i j  driven 

back s n d ' f o r t h  through t h r  eczrgy : ~ i %  recording c a l o r i ~ o t e r  ou tgu t  ':er~!.is 

o s i  :ion. See Figure 11 f o r  zypical  uni forr;;i ty  o f  i r r a d i  ence ~ u : - ? ; = ~  - J  . 

The t h z r ~ a l  sna9e i s  d f t e r s i n e d  p r i o r  to t o s t  by record ing  tm,z 
. . C t  i C , , : ,=:=r ..- - - o"i;ut  $ ; ~ r j ~ j  t i ~ , ~  a t  -.,, j s a ~  c f r ; t ? r  ,:;rifi? f h c  s;t!-z::;r. . . s f  

t h z  douszr .  ( F i ~ u r e  1 2 ) .  See F i ~ s r e s  1 3  and 1 4  fo r  t yp i ca l  puisz  j-:.;?j. 

c: ,.. , I ,.ures i 1 t h r 3 ~ g h  14 >;?re ; E E E ~ ~ ~ C C  w i  t h  oniy  one Xi:-312r3 sourcs  c o k L i f .  
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2 . 2 . 2 '  S p e c i f i c a t i o n s  

I r r a d i a n c e :  0  t o  3 .4  x l o 6  W / ~ 2  

( 300 BTU/ F T ~  . Sec) 

( 8 0  c a l  /cm2. Sec)  

NOTE: 1  ) Cdgab f t  I iy o f  one XM-300 s o u r c e  modu le  

2 )  H i g h e r  i r r a d i a n c e  l e v e l s  can  be  a c h i e v e d  

w i t h  a new c o n f i g u r a t i o n .  1  i S h t  p i p e  w i t h  a  

d e i r . e d s ~  i n  beam s i z e :  

Uni  f o r m i  ty  o f  i r r a d i  ance : 1  5 :  

Bean S i z e :  Hexagonz l  i n  shape - 
6 . / 3  crn ( 2 . 6 5  i n . )  a c r o s s  t h e  f l a t s  

S p e c t r a l  Energy  D i s t r i b u t i o n :  

. 2 5  t o  .4O m i c r o n s  - 9 .0% 

.50 t o  . 7 C  m i c r o n s  - 32.0:; 

Above . 7 C  m i c r o n s  - 59 .0 :  

( S e 3  F i q u r e  i 5  f o r  de:ai lea b r t a k e c w n ) .  

-. 
Douser  S ~ e s d :  i ns  ; ice p g i s e  w i d t h  a t  h a l f  r i izximun i r r a d i a n c e  i s  

0.1 G seconds t o  c o n t i n u o u s  c p e n .  

-. I n e  maximum i r r a a i  ance i s  ce-asured w i  t h  the  i iy-Ca! , A s y m p o t i c  C a i  o r i  - 
m e t e r ,  Fluuel C-1300, w i t h  an  a c c u r s c y  o f  + ?  D e r c e n t  and  a  r ~ p e a t a b i l  i c y  o f  - .  

an a c c u r a c y  o f  i 2  p e r c s n t .  The ;Jn i io r ; r , i cy  o f  i r r ? d i a n c e  w i i l  be 21 5 ~ e r c s r ; t  - 
. . o r  3 e t r r r .  The hexagonal  s k a p d  b ~ d l i :  c s t ~ ; l r l ~  5 . 7 2  ' c e n t i m e t e r s  a c r c s s  +r;g 

- 3  

T l 3 Z S .  

-. 
I n e  t o t a l  i n c i i z n ;  encrl;y ( Q  t c j t a l )  f s r  r a c n  s;zci,~,zn i s  < e t r r ~ i n e d  
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2 . 2 . 4  - Sample C a l c u l z t i o n s  ( c o n t . )  

b y  i n t e y a t i n g  t n e  t he rma l  p u l s e  c u r v e .  T h i s  can  be e a s i l y  s c c o n p l i s h e d  b y  

m e a s u r i n s  t h e  a r e a  under  t h e  c u r v e  w i t h  a  p l a n i m e t e r ,  t h e n  e s t a b l  i s h i  n l  a 

s c a l e  f a c t o r  i n  o r d e r  t o  d e t e r m i n e  t h e  amount o f _  e n e r s y  c o n t a i n e d  w i t h i n  i h e  

a r e a  i n  t e r m s  o f  J o u l e s / s q .  m e t e r  p e r  s q u a r e  i n c h  o r '  pape r .  T h i s  s e n s i t i v i t y  

i s  d p p l  ied t o  t h e  t o t a l  neasu red  c u r v e  a r e a  t o  o b t a i n  t.he t o t a q  i n c i d t n t  

ene rgy .  The t o t a l  i n c i d e n t  e n e r g y  i s  t h e n  d i v i d e d  by t h e  peak i r r s d i i n c ~  f c r  

p r e r a n t a t i o n  pu rposes  as  Q t u t a l j q r i a x  1n seconds .  

2 . 2 . 5  ' T y p i c a l  T e s t  

The t y p i c a l  t he rma i  n u c l e a r  t e s  t c o n s i  s t s  o f  two  p u l  ses , one o f  v e r y  

s h o r t  d u r a t i o n ,  m i c r o s e c o n d s ,  and t h e  second  l a s t i n g  f r n l n  1 t o  1 0  s e c o n d s .  

The t e s t  s c h e d u l e  i s  n o r m a l l y  f o r  3 d a y s .  T i l i b  provides one d a y  o f  t e s t  t i m e  

a t  e a c i ;  o f  t!le p u l s e  r e q u i  r emen ts .  One dzy  i s  needed i n  b e t w e n  t h e  tl.~o t e s t  

c o n d i  t i o n s  t o  r e - 3 1  i gn and ca1 i t r a t e  t o  t h e  sec2nd p u l s e  p ~ r z r z e t e r s .  A tnrA --I L 

r e p o r t  i s  p r e g a r e d  w h i c h  i n c l u d e s  t h e  c a i i b r a i i o n  c i l r v e s  o f  t h e  ,P luc lear  Therca  

P u l s e  T e s t .  

Fno t o v o l  t a i c  Concen t ra  t s r  F j c i  1  i zy 

The Pnocovo l  t a i c  C o n c e n t r a t o r  F a c i i  i c y  i s  u s s d  t o  a s a s u r e  t h e  Vol ts.;t 

C u r r l n t  ( V - I )  c h a r a c t s r i s t i c s  o f  h i  sh s o l a r  i n t e n s i t y  s o i a r  :el i s .  ! nd i  v i d s a l  

c z l l s  o r  s o l a r  c t l l  a r r a y s  can be measur?d  t o  o u t ~ u t  v o l  t a g ~ q  o ' f  15 \'3C and 

'100 a3?e r25 .  f1.n a t y p i c a l  5Cnm ce; I ,  t h i s  woui d f e q u i r ?  a  s i n g l e  XL.1-200 

s o u r c e  modu ie  p r o v i d i n g  an i r r e d i  ance o f  200 s o l  z r  c o h s t a n t s  ( 2 . 7  r 1 j 5  id/!:2). 

Tempera tu re  c o n t r o l  o f  t h e  c e l l  a t  t h e  h i ~ h  i n t e n s i  t y  i s  m a i n t a i n e d  a t  28°C 

i l o C ,  Tne c e l l  c h a r ~ a c t e r l s c i c s  a r e  o o t a i  zed r : i i h  a Conpucorp  i . i i n i coc : ,pu ie r  - 
.. . 

t o  o b t a i ~  n i g h  speed. d a t a  a c q u i s i t i o n .  2 2 ~  i s  s - c r e d  o n  f1spp:i d i s c ,  Z ' , J E i  : 2 2  

f c r  i n z 3 d i a t e  a n a l y s f j  and p r i n t o u t .  

2 . 4  Sc12c; a?  App1 i c a t i  on 

C ; i i i . t i s n a l  z ? ? l i c ? : i ~ n  o f  t h e  S i g h  F i s x  f a c i :  i t y  have b s t n  i r !  ti-,? 

? r ? a s  o f  t r a n s g i r a t i o n  c o o l i n g  o f  r o c k e t  ?n;ir,t r : s z z i ~  . - a t r r i ~ l s  u n l z r  ?i:;n 

i r r i l i  en.co (,L,;>sndi x No. I ) ,  rock:: t n g i n e  f;?l :znk t i ~ r r . - o ! ~ t  :.iri~n z:.:?.:~tC 
. . r o  2 h o t  n o z z l e ,  and h i s n  ? r i ;? r  I r j z r  ; r , ~ t g r i a !  S:;GI?S. 
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2 . 4  Speci a1 Appl i c a t i o n  ( c o n t .  ) 

Fo r  example, a  r o c k e t  ens ine  f u e l  t ank  i n s u l a t i o n  m a t e r i a l  was exposed 

t.o a  h i g h  f l u x  i n  a vacuum charriber, and t h e  sample w e i g h t  l o s s ,  tempera ture ,  and 

chamber p r e s s u r e  c o n t i n u o u s l y  moni t o r e d  (see F i g u r e  1 6 ) .  

I n  bummary,  t he  B s s i ~ g  H igh  F l u x  F a c i l  i t y  i s  cons ide red  t o  be one o f  

t h e  b e s t  a v a i l a b l e .  A corr;parison o f  d i f f e r e n t  f a c i l i t i e s  i s  i n d i c a t e d  i n  

Append ix  No. 2.  

i 
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Sheet 9 - Fanged p v r a p h  4 t r l r  read "A 8=heh-$imet;er 
' 

. ultra-iriolet grade quartz window11 5-26-7 ; 

A 

I 
w e d  paragraph 7 t o  read "Chamber 4 i s  
gmv-!.dcd w;Lth o h  lA-la& persschmllghs, three ! 

! 
6-inch passthroughs , and one 8-UcB passthnugh 
h . t h e  back used f o r  the solar window.". . 5-26-7 

I 
j 

1 
I I 

Completely r e v i s e d t o i n c l u d e  new capabil i t ies  a t  the 
lLent Space Center, Kent, Washington i 5-13-6 f 
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1. B ' Sheet 25 - Changed photograph to show upgraded Chamber 8-4 5-27-7 ' 
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SPACE ENVIROWTT SIXULATION LASORATORY- 

EQUIPME2PT AITD CAPABILITIES 

- ABSTRACT 

The Space Environment s imulat ion Laboratory i s  loca ted  i n  Building 18-24 
a t  t h e  Kent Space Center, Kent, Washington. The laborz tory  cons is t s  03 
two sect ions:  a Mater ials  and Coqmnents Laboratory and a Thed- ' l acuum 
Laboratory. These w i l l  be discussed separa te ly  s ince  the  s i z e s  of chambers 
snd t he  types of t e s t s  ca r r i ed  out i n  them d i f f e r  markedly. I n  addi t ion,  
a v a r i e t y  of support equipment i s  used in common by both labora tor ies  and 
v i l l  be discussed separa te ly .  
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1 .O M A T E i I A I S  8:ID - COlrZPOPIEIFI'S .. LABORATORY 

The purpose of t h e  Mater ials  and Components Laboratory is  t o  perform 
t e s t s  on space vehic le  components under therd-vacuum condit ions,  with 
o r  v i thout  s o l a r  simulation, and on mater ia l s  usefu l  f o r  present o r  . 
f i t u r e  space vehic les ,  usua l ly  with full-spectrum o r  high ul t ra -v io le t  
solar simulation. Work may be performed as a cont rac t  requirement on 
space vehic les  f o r  which Boeing has prime r e spons ib i l i t y ,  on a subcon- 
tract bas i s  from o the r  prime c o n t a c t o r s ,  on a, Cuugaly re3e-h basis 
In connection with cont rac t  negot ia t ion ,  o r  on a basic  research budget 
f o r  t he  development of new and b e t t e r  mater ia l s  o r  components f o r  use 
on future Boeing space vehic les .  . 

The labora tory  contains  nine vacuum systems of widely varying s i z e  a d  
complexity, p lus  a 10-inch diffusion puslplng sysLeu which 13 uocd i n  ' 
conjunction with spec i a l  chvnben f ab r i ca t ed  f o r  t e s t i n g  odd-shaped 
comynents not r ezd i lg  t e s t e d  in  s tandard chambers. The fo l lov ing  
sec t ions  descr ibe the  dimensions, design, and performance of the i n d i -  
vidual chambers. 

1 .I CXAM~EZ? 1 (EIAC 1902331 
I 

The working volune of Chamber 1 i s  3 f e e t  i n  d i y e t e r  by 3 f e e t  deeg I 

(27 cubic f e e t ) ,  shielded by a black-painted 100 K shroud, and incor- 1 
pora t ing  helium cryopanels t o  increase  the  ? w i n g  speed. 

This chamber is  f ab r i ca t ed  e n t i r o l y  of  stainloess s t e e l  and i s  provided 
with bakeout hea ters  t o  allow bakeout at 400 C if desired. 3 12-icch 

i 
quartz  vindow i s  ava i l ab l e  f o r  s o l a r  simulation purposes, located i n  
the  door on the  horizontal  cen te r l i ne  60 inches from the f l o o r .  

The rough pumying system cons i s t s  of a 50-cfm Velch mechn ica l  pxn? 

i 
and a 300-cfm FIeraeus Roots t .ne necl.lanical booster,  l iquid-nitrogen - I 

I 
trapped, pumping through a Varian &inch right-angle valve. Fine p u m p  I i 
ing is  accomplished by a 2400-liter-oer-second ion yump plus t i tanium 
sublimation pun? us ing  a 3000-square-inch LX2-cooled subs t r a t e ,  the 
combination having a t o t a l  speed of 50,000 l l t e r s  per  second. The 
angle-fin helium cryopumping a r r ay  increases  t he  t o t a l  s ~ e e d  t o  
100,060 l i t e r s  ge r  seoond f o r  air. 

The system w i l l  ptnnp t o  1 x lo-'' t o m  i 24 h o w ;  with a cont imous 
gas handling capaci ty f o r  air of 4 x lo-' to- l i ters  per  second a t  
+ a s  pressure.  The u l t imate  pressure ( u i t k - u t  gaa l eak)  i s  1 x lo-'' 

i 
t o m .  

I n  addi t ion  t o  t he  12-inch penetrat ion f o r  the s o l a r  window, the  c- 
ber  is provided with f o u r  1 h i n c h  p o r t s ,  f i v e  6-inch po r t s ,  and three 
&-inch po r t s  f o r  var ious t m e s  of p a s s t h r o w s  used in t e s t s ,  includiag 
thermocouples, l i q u i d  l ines ;  mecbznical p s s th roughs ,  e t c .  

-- 



- 

CBAMBER 2 (BAC 529069) 1.2 . .  . 

This unit i s  capable of handling a work package 18 inches i n  diameter 
b y 1 8  inches hi@. It is  used yr imari ly  f o r  t e s t i n g  o f , i n s t n u n e n t s  
components f o r  space vehicles  and f o r  bearing t e s t s  under ultra-hi& 
vacuum c o n d i t i ~ n s  . 

, . .  

The u n i t  i s  a v e r t i c a l  one, us ing  a 50,@0-liter-per-second i o n l t i t u l :  
' 

sublimation pump with an assoc ia ted  l i q u i d - a t m g e a  $ b u d  and helium 
cryopump. Roughing i s  by means 'of  a por tab le  mu&g system a l s o  us,  
on o ther  systems in t c e  laboratory.  

Penetrat ions include tirelve l&inch f l a n m s ,  throe &inch f l a n g e s ,  an 
one 12-inch P l a n e  (used f o r  a s o l a r  window ii ,desired) . Metal s e z l s  
aze used f o r  a l l  penetrat ions,  inc luding  t h e  36-inch-diameter main se. 

. Bakeout providions g e m i t  bakeout u? t o  3 0 0 ~ ~  if required.  Readouts 
for Bayard-Alpprt and General E l e c t r i c  penning gacges a r e  provided in 
the  console. 

\ 
The systen w i l l  r e rch  1 x t o n  i n  12 hours with a gas l oad  of 
4 x 1 0 ' ~ '  t o m - l i t e r s  per  second, m d  an u1tiaat.e of 5 x 10-l2 t o m  w i  
out gas leak.  

A second base is  grovided f o r  t h i s  chamber, which is  ar ra rged  f o r  t e s  
ing various types of Searings. The f i x t u r i n g  inc ludss  a bedring m v m  

. '  adjus tab le  radial and a x i a l  loading systems, torqce readout transduce 
and a vacuum-sealed dr ive  system czpable. of . e i t he r  rotary o r  o s c i l l a t  
ing motion. A qu&?z tube in f r a red  hea t e r  .is prgvided which ? e m i t s  
bearing operation a t  t em~era tu re s  up t o  ~ . ~ o o O F ,  a s  w e l l  as at  cryogen 

. temyeratures. 
. . 

-EJl 3 (BAC 529066) 1 . 3  
. . . . 

Th is .  cbamber i s  a subs t an t i a l  d q l i c a t e  of Chamber .2, except that the 
'ware base has beer. de'signed f o r  t he  acceptance of a Ling 300 Vibrato 
f o r  v ib ra t ion  t e s t i n g  i n  vacuum if required.  

. . 
lke.pump'ing units on Chambers 2 and 3 a r e  interchangeabld s o  thrt e i t  
pump may be used with any base, ; e m i t t i n g  g r e a t  f l e -x ib i l i t y  i n  opera 

' . t i o n  and the  build-up of t e s t s  on one base while the pumping units co 
t inue  operation on the  o the r  bases. 

'dork..space, instrumentation, and performance are the  same as on Cham- 
be r  2.  

. . .. . . , . . . - . - . . - - - . - - - .. . - . - - . . - - .- - - . - - - . . 

1.4 CUMBER 4 (BAC 528067) 

This system cons is t s  of a s t a i n l e s s  s t e e l  ves se l  a?groximately 30 inc 
in  diameter by 30 inches long. In s ide  t h e  sys t en  the re  i s  i n s t a l l e d  
aluminum shroud ~ r o v i d i n g  l iquid-ni t rogen cool ing  of a l l  sur faces  exy: 
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t o  the inside, except where penetrations a re  required f o r  solar  s h u -  
l a t ion ,  passthroughs, e t c .  A l l  surfaces facing the work are  painted 
with 8 black high-emlssivity coating giviag an emlssivity of approxi- 
mately 0.95 facing toward the work. Gxternal surfaces are l e f t  b r i e t  
in order t o  minFmize heat loss .  Shielded behind the projecting f i n s  
of the array &re h~tJfm-cooled c r y a p u n p i ~  surfaces which, when cooled 
vith 18% helium gas, serve ,as  act ive puin?ing e i a e n t s  f o r  esnderrsahle 
gases in the chamber. - .  

The system is rough pumped by a portable rou&ing systen consisting of 
a mechanical pump, blower, and liquid-nitrogen cold' trap. Mne p w i n g .  
is accomplished by an Ultek 1200-liter-oer-second ion p u q  equig~ed 
w i t h  i ts  own Internal  bakeout heaters a3d. working i n  ~ o n j u c t i o n  - d t h  9 
vater-cooled t i t a im  evaporator unit.. The maxFmum p u q i q  caoacity i s  
approximately U,000 l i t e r s  per second. 

With a l l  pumping systems operating and the shrouds cold, tho system i s  
caoable of reaching a pressure of 1 x 10-10 t o r r  i n  24 hours ki th a Cry ! 
nitrogen inleak of 5 x 10-7 t o r r - l i t e r s  per second, o r  *-ti= a hyckoqen I 
inleak of 2 x 1.0-7. t o r r - l i t e r s  ger second. With no i n l s z k ~ e ,  the 
system i s  capable of reaching a pressure of aggroxbately 2 r 10-l2 t o r r  
in 24 hours. Actuel pressures obtained on a par t icular  t e s t  w i l l . ,  of. 
course, depend upon the outgassing ra te  of the sgecinens being tested. 

A 8-inch-dianeter d t r a - v l o l k t  grade quartz  xFxldow i s  gmvided ct one' 
end of the chamber, through which a beam of s p e c t d y  rs tched solar  
radiation can be passed in to  the chamber and on t o  the specimens. If 
a non-collimated beam is  used, a dianeter or" aoproximatelg L3 inches 
can be i r radia ted at an intensity of one sun (1kX wetts/square meter) 
f o r  continuous t e s t s  UZ, t o  10,000 hours i n  le-. 

, .' 
The net working space -thin the chamber, with the shrouds In plece 
and vith a sufficient  distance between the soeciaen and the shrouds 
f o r  proper operation, i s  15 inches Fn diameter by 12 iaches long. 

The sistem pressure i s  monitored on tno vacuum gauges. One i s  a t'arian 
nude Bayard-Alpert gauge, useful d o n  t o  pressures of ap3roxi3etely 
5 x 10-l0 tom; the other 1s a General Elect r ic  triggered ?emlag 
gauge, useful. down t o  pressures of approximately 10-13 t o r r .  

I 
&amber 4 i s  arovlded xith six l*-lnch passtlxoujls,  three &in& ' 

passthrou&s, and one 8-inch passthrough i n  the back usec f o r  the solar  
v i n d o w .  All-metal seals  are used, including a 30-inch cctpger .dire seal  
of the Wheeler type on the door. 

I 
I 

Thls chamber consists of a stainLess a tee l  s h d  pnvided v l th  an i n n e r  I 
l iquid-dt rogen cooled shroud and helium cryopuqing surfaces sFmilar 
to .those used on the other chambers. The &amber is  pulped by means of . ,  1 
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* 5  (~ont inue&)  

a 10-inch d i f fus ion  p u p  backed b.j a &inch d i f fus ion  pump axd by a 
mechanical backing pump witpi l iquid-nitrogen t ~ p s  provided to preven- 
e i l  vapors from g e t t i n g  from the pumps and i n t o  the  chamber. The n e t  
pumping speed in operat ion i s  s u f f i c i e n t  t o  pump a dry n i t r o  n i n l e d  
of 5 I 10-7 tom- l i t e r s  per  second, a t  a pressure of 1 r t o m ,  
ia not more than 24 hours including time f o r  bakeout and cooldoyn of 
shrouds. The ult imate pressure without gas l e a k  is 5 x lowq2 t o m .  

The system i s  orovided with a 6 - i n c h - a w e t e r  u l t r a -v io l e t  grade' qi~ar. 
window f o r  t he  admission of s o l a r  s i m l a t i o n  t o  the specimens. 

&amber 5 has a ne t  wor-king space of 15  inches i n  diameter by 12  inch 
long i n s ide  the  shmuds. The c - b b e r  instrumentat ion includes one 
V d a n  Bayard-Alpert m e  ioniza t ion  gauge and one General. E l e c t r i c  
t r iggered  penning gauge f o r  zeading chamber pressure.  

The chamber i s  provided with e bakeoutosystem which p e r n i t s  baking th 
entire chambe,c'to a t e r n p e ~ ~ e  of 400 C ,  followed by acce lera ted  coo 
down if desired.  

 he chamber i s  provided with t h i r t e e n  l*inch flanges and th ree  6-inc. 
f langes.  One of the  6-inch f langes,  loca ted  i n  the  Coor, nay be used 
as a s o l a r  window. 811-metal f langes a r e  used, including a gold w5re 
corner  s e a l  f o r  the  30-inch door. 

. . 

1..6 C Y ! E R  6 (BAC 5280651 

This chamber is similar t o  Chamber 5,  except t h a t  it laeks  a czyogeni 
shroud. The ne t  working space i s  30 inches i n  diameter by 36 inches 
long, arid i s  cornylete wi th  bdceout system a?d cont ro ls .  . 

The pm-ing speed is  s u f f i c i e n t  t o  ?enni t  reaching a Dressure of 
1 x ?0-" t o r r  i n  24 h o w  with a gas load of 1 x 10-8 to- l i ters  
per  ~ecirilil. U l l b t e  pressure mth6u.t; gas leak i s  3 x 16-11 t o m .  
The ac tua l  pressure reached during a t e s t  w i l l  depend on the  outgas- 
s i n g  r a t e  of the  t e s t  items. Usual working pressures  are fmm 1 x 16 
t o  i x 10-7 t o m .  

., - 
Three l&inch-diameter and nine 2-inch-diameter f l u lges  uce ava i l ab l e  
f o r  passthrougfis, plus a 6-isch f lange i n  t he  door f o r  use with z s o l  
v i n d o w  when required. Viton O-ring s e a l s  are provided on both jQ-inc 
doers. . 

. . 

1 *'? CKAM~W 7 (BAC 528064) 

This small chamber, having a wor!cing space of 12-inches i n  diameter 1 
18 inahes long  without shrouds, is pr imar i ly  designed f o r  oxperimenta 
work in the f i e l d  of  ultra-clean, ultra-hi& vacuum. However, i t  is 
Ged f o r  same types of u l t ra -v io le t  mater ia l s  t e s t s .  

REVLTR ' A - 



The system is  roughed by means of two molecular s i eve  type sorp t ion  
mqhing pumps and is  then pumped during bakeout by means of a 50- 
l i t e r -peesecond  ion  pump. A t  the  erld of t h e  bakcout ~ e r i o d ,  t h i s  
pump i s  valved off by means of a bakeable valve;  and a 100-liter-per- 
eecond ion  pump, which has been previously baked, i s  connected t o  the  
vatem to p u p  i t  during the  ac tua l  run. Under these  condit ions,  
pressures  ss low as 2 x 10-I t o m  have been obtained i n  t he  empty 
chamber. Actual. pressures  during any part5culaz t e s t  depend, of 
course,  on t h e  outgassing r a t e  of t he  t e s t  specimen, which must be 
small t o  permit use of t h i s  chamber s ince  t h e  ne t  pumging speed is 
only 100 l i t e r s  pe r  second. If the  t e s t  specimen i s  small i n  -en- 
s ion,  it is  a l s o  poss ib le  t o  w e  ti tanium sublimation t o  boost the 

1 pumping speed by a f a c t o r  of 5 t o  10, depending on the  pressure.  
However, when so used, t h e  upper ~ a z t  of t he  chamber w i l l  be coated 

I by the  evaporated ti tanium; t h i s  method is ,  therefore ,  usefu l  only 
when the  specimen is  not  adversely a f f ec t ed  by this condition o r  can 1 be su i t ab ly  shielded. 

This chamber cons i s t s  of a s t a i n l e s s  s t e e l  s h e l l  3 f e e t  i n  d iane ter  
by 6 f e e t  6 inches long, t o  which i s  at tached a full-openin ion puinp' 9 having a pumging speed of 3000 l i t e r s  per second a t  1 x 10' t o n  o r  
lower, h small liquid-nitrogen cooled shz-oud in s ide  the  ion  pm.p 
provides addi t iona l  pumping sgeed f o r  water vagor. The ne t  wor-king - 
sgace of 3 f e e t  in dtameter by 6 f e e t  long provides room f o r  reason- 
ably large sgace vehic le  components o r  mater ia l  t e s t  setups.  

The system i s  roughed t o  1 x 10-4 to= Sy a portable  roughing c a t  
using a mechanical pump, lioots blower, 2nd cold t rap .  The ion  pmp 
i s  then energized and pumping continued t o ' a  pressure d e t e e i n e d  by 
the  specimen outgassing. The ult imate pressure f o r  t h e  empty c h b e r  
i s  1 x 10-10 t o m .  

The cont ro l  console provides ion pump power suppl ies ,  pump ba!ceout 
cont ro l ,  and a General E lec t r i c  penning type vacuum gauge cont ro l .  

. The chamber grovides seven l h i n c h  flanges, one &inch f lange ,  two 
6-inch flanges, and one 12-inch flmge in  addi t ion  t o  a 6-inch door 

. flange f o r  a s o l a r  Tdndow' when required. 

Chamber 8 has cu r r en t ly  been equipped with addi t iona l  accessories  t o  
'permit in t roduct ion '  of e lec t ron  and proton beams f o r  materid s tudies .  

This chamber i s  in all external  respects  a dupl ica te  of Chamber 8.  
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1 . 9  (continued) 

In t e rna l ly ,  there  is  provided a l iquid-ni t rogen cooled shroud with 
an internal cryopump a r r ay  cooled by co ld ,  dense helium gas t o  1 4 ' ~ .  
By t h l s  means, an i n t e r n a l  work a rea  20, inches i n  diameter b 48 inch 
long  may be pumped t o  pressures  in the  range of 1 0 ~ ~ 3  t o  10-y4 t q r r .  
Pressure within this extremely high-vacuum a rea  is measured by a quad 
=pole mass spectrometer and a spec i a l  extended-range co ld  cathode. ' 

I gauge of the Redhead type. Uncertainty a s  t o  the  f i n a l  low pressure 
reached is the  r e s u l t  of the  l ack  of c a l i b r a t i o n  methods of high accs 
racy f o r  instrumentation used a t  these  , . pressures .  

Quartz s o l a r  windows a r e  provided i n  both the  chamber and the  shmrid 
to  p e d t  solar simulation t o  be achieved within the  extremely 'hi&.- 

. . voouum rogion. 
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The Thermal-Vacum Laboratory i s  loca ted  i n  a high-bay sec t ion  of the  
18-24 Building a t  the  Kent Space Center, Kent, Vashington. The three 
chambers contained the re in  'provide thermal-vacuum t e s t i n g ,  with o r  
without s o l a r  simulation, of e n t i r e  space vehic les  o r  l a rge  port ions 
thereof .  Two of these  chambers provide a c l e a r  work space of 6 f e e t  
in diameter by 8 f e e t  high, and the  o the r  provides a work space of 
28 f e e t  in d i ane te r  by 40 f e e t  high. The handling of ptk-ts i n  t h e  
high-bay a rea  is 5y means of a crane with a 30-ton primary h o i s t  and 
a 1-ton a u r i l i a r y  ho i s t .  The hook-to-floor clearace is  85 f e e t .  

This chamber i s  an elongated spheroid, f ab r i ca t ed  of s t a i n l e s s  s t e e l ,  I 
40 f e e t  i n  d i ane t e r  by 50 f e e t  high. I t  i s  provided with an inner  
black-painted s b u d  30 f e e t  i n  diameter by 40 ofeet high which may 
be cooled by c i r c u l a t i n g  l i q u i d  ni t rogen a t  110 K o r  l e s s .  

\ .  - 
Ra-q Systens 1 :  
The chamber i s  pmaea by three Cypes of p u ' ? i ~ . s  systans.  Roughicg 

I 
is accomplished by a chain blower system having six.meckanica1 pmps ! 
with a t o t a l  speed of 1800 cr'm, a s econd- s t a s  2oots 5 e e  blower with 

I 

These pumgs are c a ~ b l e  of reducing tne c h b e r  pressure from atzos- . 
' i a speed of 3000 cZa, and a f i r s t - s t a s  blover with a speed of 6000 ci'n. , 

phere t o  50 microns o r  below i n  approxinateig h -o  boars, a t  which 
I 
I 

point  cool ing of 'Le liquid-nitrogen shrouds m y  be s t a r t e d .  i 
I 

I n  approximately t.;o hours, cooldown o i  the skucuds can be conpleted, 
a t  which time the pressure w i l l  normally have f a l l e n  t o  5 microns o r  
below ( 5  x 10-3 t o m ) ,  and the  ion ?um?s m y  be energized. i I 
The hi&-vac- p q i n g  system cons i s t s  of two iden t i ca l  modules con- 
t a i n i n g  a 2-uztt t e l i m  r e f r i g e r a t o r ,  a 2000-liter-per-second ion  p u p ,  , 
and a 100,000-litzr-per-second bulk t i t a n i u n  sublimator. The small 
helium r e f r i g e r a t o r s  ha-re a nominal pumping speed of 1000 l i t e r s  per  

I 
I 
I second a t  1 micron, These a r e  used t o  lower t h e . c h a b e r  pressure suf- , 

f i c i e n t l y  t o  pezz i t  starti g the  ion  p u p s .  The total.  pumping speed' 
f o r  each module, at 1 x lo-:! t o r r  a d  below is  a p p m x h a t e l y  120,000 
l i t e r s  per  seconC. 

In approxinately tvo hours e f t e r  the  start of shroud cooldown, tke  
gaseous hel iun rer 'z igerators  may be s t a r t e d  and connected to  the helium 
cryopanels . Cooldown of . these panels t o  2 0 ' ~  o r  beiow w i l l  r equi re  4.5 
t o  6 hours, a t  which t i n e  cryopumpinq w i l l  begin. The s ~ e e d  of .the 
cryopanels , f o r  condensable gases (all gases exceat helium, hydrogen, 
and neon), is  in excess' of 3,800,COO l i t e r s  Der  second. The pressure 
r e s u l t i n g  f z m  '*s , increase of ?um?ing sr\eed w i l l  depend e n t i r e l y  on 
the gas load-bein3 ~ r o d c c e d  by the itea under t e s t .  For the cleen,  d r y ,  
and empty chvnber; ~ r e s s u r e s  of 3 x 10-10 t o r r  have been achieved.. With 
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2.1 (continued) 

ac tua l  t e s t  a r t i c l e s  in the  chamber, pressures  of 1 x t o r r  o r  
lower can usua l ly  be achieved a f t e r  a few hours of pumping, even with 
f a i r l y  large outgassing loads. 

For  t e s t s  not  r equ i r ing  the  lowest' poss ib le  pressures ,  and with n o d  
eutgassing loads, t he .he l iun -c ryopm~ing  s t e p  may be omitted and t h e  . 
chamber operated with ion  znd sublimation umping alone (@us l iqu id-  
ni t rogen cool ing of t he  shmuds if desiredy , producing pressures  i n  t he  
10-6 t o r r  range, adequate f o r  most thermal-vacuum tes t ing .  

The l iquid-nitrogen shrouds i n  t he  chamber a r e  used to  a p ~ r o x h t e  the  
Beat s ink  of space. They are f ab r i ca t ed  of aluninuzl sheet  wikh i n t e r n a l  

- l iquid-nitrogen passageways and are painted with a black a b s o q t i v e  pain 
having an emissivi ty  of over 0.95. 'ifhen cooled with c i r cu l a t ing ,  prps- 
sur ized  l i q u i d  ni t rogen,  they have a t o t a l  heat-absorptive capac i ty  of 
300 id lowat t s  a t  1 40 watts/squareofoo t i n t e n s i t y ,  while s t i l l  na in ta in-  
i ~ g  a ternperatue or not over 110 K on t g e i r  surfaces.  X w a z z p  system 
i 3  provided t o  r c t w i  the sbzouds t o  290 X .in s i x  hours. 

Manlock 

A 10-foot-diameter by i6-foot-long manlock i s  provided f o r  access  t o  
the  chamber. 5 e  manlock i s  divided i n t o  two sec t ions  'ry a removable, 
vacuun-tight S u l b e a d ,  with ~ r o v i d i o n  f o r  independently pumping the  
two s e c t i o m .  Three 4-foot by 7-foot vacuum-tight doors a r e  r o v i d e d  
t o  permit personnel zscoss from the  balcony t o  t he  outer  lock ,  from 
the  outer  lock t o  the  i-mer lock, and from the  inner  lock t o  t he  &ham- 
ber. I n  addi t ion,  the inner door is  mounted i n  a 10-foot-diameter 
movable ga te  valve which can be operated under vacuum. '+hen open, 
the  valve provides unobstructed 10-foot-diaaeter zccess t o  the  i n t e r -  
i o r  of the  chamber. The locks can be rou& pumped to  s i s u l z t e  'ooost 
p r o f i l e  .' i 1 '  
Chamber . O ~ e n i n m  and Penetrat ions 

Access t o  the i n t e r i o r  of the chamber i s  through a f u l l - o ~ e n i n g ,  30- 
foot-diameter l i d  which may be removed by t he  crane t o  a s torage  posi- 
t i o n  at t h e  balcony s ide  of t h e  chamber. A 6-foot-diameter l i d  i s  
provided in the  center  of t h e  30-foot l i d ,  f o r  use f o r  spec i a l  t e s t  
purposes. 

Penetrat ions include e i@$ 12-inch-diameter 2enetrat ions a t  the 20-foot 
' l e v e l ,  seven 12-inch-dianeter penetrat ions a t  f l o o r  l eve l ,  t i iree 12- 
inch-diameter penetrat ions i n  the l i d  a t  the  45-foot, l e v e l ,  and f o u r  
12-inch-diameter penetrat ions i n  t he  chvnber near t he  l i d . a t  t he  jO- 
f o o t  l e v e l .  

There are eight  6-inch view p o r t s  on t h e  chamber, th ree  12-inch view 
por t s  i n  the  chamber doors of the  manlock, f i v e  12-inch view por t s  i n  
the d o c k ,  and th ree  6-inch view, -ports i n  the  l i d  equipoed w i A h  500- 
vatt spo t l i gh t s  f o r  chamber i l luminat ion.  
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2.1 (continued) 

In addi t ion,  t o  t h e  above, t he re  a r e  penetrat ions f o r  vacuum gauges, 
gaseous-nitrogen bleeds, cryogenic l i n e s ,  e t c  . , as required. 

Lunar  Plane F loor  . , I 
. . 

A l u n a r  plane f l o o r  20 f e e t  i n  diameter (removable) i s  pmYided in  the 
bottom of t h e  chamber and is.eapal&e of bein hocrtod an? onoled inde- 
pendently of the  chamber from +325 F . t o  -320 % . This f l o o r  is  czpable 
of supporting a load  of 200 pounds/square f o o t ,  up t o  a maximum of 
10,000 pounds t o t a l  load. - . 

Miscellaneous C a ~ z b i l i t i e s  --. 

Vibration within the  vacuum chamber is  possible  through the  i n s t a i l a t i o n  
of one o r  more v ib ra to r s  mounted d i r e c t l y  on the  s t a i n l e s s  s t e e l  f l o o r  
which is coupled d i r e c t l y  t o  a 1.5-million-pound concrete reac t ion  block 
under t he  chamber. Up t o  two 30,000-pound shakers can be used f o r  t h i s  
purpose if required. 

The 30-foot-diapeter chamber. l i d  is  provided with three  hzkd poin ts ,  1 
each capable of supporting 6000 pounds of v a r t i c a l  load, spaced on a i 

! 
1 2-f oo t rad ius .  

vided a t  t he  man1ock;level to  f a c i l i t a t e  se tup  of e q u i p e n t  and access 

, .  I A removable aluminum-grating i n t e r n a l  platform with guard r a i l s  is pro- , 
to the chamber i n t e r i o r .  i 

I 
I 

~ h e ' s o u r c e s ,  power systems, and cont ro ls  f o r  a 40-zone, 60-Ulowatt corn- i 
puter-controlled rad ian t  heat system i s  provided to  allow temperzture I 
cyc l ing  of t e s t  items when requirsd.  Quartz lamp ar rays ,  i n s t a l l e d  I 

i n s i d e  the  chamber, are fabr ica ted  t o  conZorm to  the shape of the  item 
t o  be tes ted .  

A 24-foot-diameter .- . . . s o l a r  simulator, f o r  the  large chamber i s  now under 
construction. .The. f . i r s t  increment?,lO f e e t  Fn-.diameter;.-will .be' opera- 
t i o n a l  eakly in  1968. ---.. 

'4 

I 
I 

Hring t e s t s  f o r  s m a l l  . rocket  systems may be accomplished by mounting 
the rocket  =gines in the  manlock and u t i l i z i n g  the main. chambe& as  a 
thermal. and vacuum' s ink  dirring f i r i n g .  

I 

2.2 CHAMBER B 

Chamber B i s  an intermediate-size space environment simulation c h q b e r  
with s o l a r  r ad i a t ion  simulation capab i l i t y .  The lia-uid-nitrogen shroud 
in s ide  the  chamber is  a v e r t i c a l  cy l inde r  approximately 8 f e e t  iri dia- 
meter by 18 f e e t  high.  '!%e work space i s  6 f e e t  i n  diaineter by 8 f e e t  
hi& with s o l a r  simulation on, and is 6 f e e t  by 15 f e e t  with s o l a r  simu- 
l a t i o n  off.  



2 . 2 . .  (continued) 

This chamber loads from the  bottom with the  bottom sec t ion  capable of 
being removed and do l l i ed  so t h a t  the t e s t  setup may be built  up on 
the f l o o r ,  remote from the chamber. Mater ial  handling equioment ava i l -  
ab le  f o r  use with t h i s  chamber cons i s t s  of 30-ton and 1 -ton bridge 
cranes 85 f e e t  t o  hook, and a hydraulic e l eva to r  h o i s t  i n s t a l l e d  be- 
neath the c b n b e r  and used t o  remove and remate the  chamber bottom 
loading sec t ion .  This h o i s t  is  capable of l i f t i n g  a 6000-pound n e t  . 
load mounted on t h e  chamber bottom sec t ion .  

Pumping System 

Chamber B i s  capable of a working pressure of 1 x lo-' t o r r  with a 
1 x 10-5 to- l i ter-persecond n i t  gen gas lozd.  - The "Zry" c h a b e r  
ul t imate pressure i s  below 3 x lo-' t o m .  Runpdown t o  working p i s s -  
sure  takes l e s s  than 24 hours under f u l l  gas leakw load.  PmpCown 
ia accomplished by a 1250-cfm chain blower and/or the Chvnbes X mu&--. 
ing system, a 110,000-liter-per-second ba f f l ed  i o n  and sublimation ?urn?, 
and a 2 0 ' ~  helium cryopump capable of 500,000 l i t e r s  per  second c s i n g  a 
"Santeler" ?urnping surface m a y .  %is byye of f i n e  pumping system 
allows t h i s  chamber t o  be used f o r  t e s t s  which.require  u l t ra -c lezn  
condi t i o m .  

The shrouds used t o  apgroemate the  heat  s ink  of Slack space u e  con- 
s t ruc ted  of black-painted aluminum a d  cooled with c i r c u l a t i n g  l i q u i d  
nitrogen. The shrouds f o r  Chamber B have a 100-kilowatt t o t a l  hea t  
load capab i l i t y  a t  280 watts/square foo t  i n t e n s i t y  wbtlhout exceedizg 
11 0% at t h e i r  sur faces .  

Solar  Simulator 

The so l a r . s imu la to r  bui l t  i n t o  t h i s  chamber pmvides a col l imzted beam 
42 inches in diameter by 8 . f ee t  hi&. The l i g h t  i s  generated by a ba?k 
of nineteen 2 .Fk i lowa t t  xenon short-arc lamps located in a lam? cham- 
ber adjacent t o  t h e  vacuum chamber. Zach lamp is  surrounded by an 
Woiiic Collector  which d i r e c t s  the  beam by means of a f o l d i n g  m i - n o r  
through a diagonal connection i n t o  the  vacuum chamber through an opt i -  : 

a d  t r a i n  cons i s t i ng  of quartz  condensing elements and pro jec t ion  ele- 
ments. Uniformity f i l t e r s  and spec t r a l  f i l t e r s  are providbd i n  t he  
op t i ca l  system t o  shape the beam both i n  uniformity and s p e c t r a l l y  t o  
that of t h e  sun outs ide  the abosphe re .  

Ins ide  the  vacuum chamber, a 5-foot garaSolic  co l l imat ing  m i r r o r  of 
off-axis o r i en t a t ion  pro jec ts  the collimated beam downward i n t o  the  
Working area. The resul t ingt ,  col l imation ha l f  angle  within the work- 
ing area i s  1.45 d e g e e s .  Beam unifoxmity, measured by a 4 cm by 4 cm 
t a l i b r s t e d  s o l a r  c e l l ,  is 9.0 per  cent  in any one plane . o r .28 .0  per. 
cent over t h e  e n t i r e  42-inch by 8-foot working vol-e. Seam i n t e n s i t y  
is  var iab le  between 400 and 1720 .watts/square meter. Spec t ra l  match ha: 
been ca re fu l ly  measured over the  e n t i r e  range fmm 0.26 t o  2.60 micmns 
in 16 bands; the  g r e a t e s t  deviat ion from s o l a r  spec t r a l  d i ~ t ~ b u t i o n  
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1 2.2 (continued) 

(-49.6$) occurs in t h e  band from 0.26 t o  0.35 microns. Over t he  re- 
mainder of the  range, t he  deviat ions a r e  from +29 .& t o  -7 3.6%. with 
the total in tegra ted  value being within +J.% of the  space sun values 
as given by the Johnson curve. 

The con t ro l  f o r  t he  e n t i r e  system i s  from a console loca ted  i n  the  
Control Room. b m m  t h lu  point, parfcrnance of . each  ind iv idua l  lamp 
cqn be metered, as wel l  as the  i n t e g r a t e d t o t a l  energy flux of all 
t he  lamps. With t h i s  system, each individual  lzmp views t h e  e n t i r e  
i r r a d i a t e d  area. .Thus, f a i l u r e  of any individual  lamp a f f e c t s  ne i the r  
t h e  uniformity nor t h e  s p e c t r a l  match, but only the  t o t a l  i n t e n s i t y  
vhich can general ly  be compensated f o r  by increas ing  the  outyut of 
t h e  remaining imps, t;h-us enabl ing th! contjr.uation of the t e s t  i n  
progress.  

I Penetrat ions I 
The chamber Sottom sec t ion  has fou r  1 S i n c k  por t s ,  s i x  4-inch por t s ,  
and s i x  12-inch po r t s  . f o r  t e s t  . instnunentat ion.  h e  chamber i t s e l f  
has fou r  l&inch po r t s ,  two +inch po r t s ,  a?d fou r  12-inch por t s .  
Four windows a r e  a l s o  ava i l ab l e  f o r  viewing the'  i n s ide  of the  c k a -  
ber  . 
Bakeout Sys tern 

A separa te  bakeout hea t e r  of t he  gas-fired, a i r - c i r cu l a t ion  C ~ p e  i s  
ava i lab le ,  with su i t ab l e  cont ro ls ,  duct work and vents ,  f o r  use i n t e r -  
changeably with Chambeg C.  This p e m i t s  bakeout of the  system a t  tem- 
peratures  of up t o  3OO C with the s o l a r  m i r r o r  removed and the  e n t r a ~ c e  
window f o r  the s o l a r  s imulator  blanked o f f .  This is  nonnally used only 
vhen recondit ionin the chamber a f t e r  major contamination has occurred. 
P Pow temperature &Oo°F maximum) can be ernployed t o  hasten shroud ' 

-9 when desired,  u s ing  the  hea t e r  at minimum s e t t i n g .  

This chamber is  a subs t an t i a l  dupl ica te  o f  Chamber B, v i t h  the  s o l a r  I 
eimulation omitted. I n  consequence, i ts maximum loading dimension i s  
6 f e e t  i n  diameter by 8 , f e e t  high. The vacuum c a p a b i l i t i e s ,  pumping 
speed, shroud arrangenent, and passtkmugh penetrat ions a r e  i den t i ca l  
t o  Chamber B. 
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To p e d t  charging of l a r g e  t e s t  a r t i c l e s  i n t o  C h b e r  A ,  as well  a s  
haridling of t he  c.hazber l i d  and general handling capab i l i t y  w i th in  t h  
high-bay area, there  has been provided a lare trave l ing  br idg~!  r.rs.nc 
The main h u i s t  has a jU-ton capaci ty and a. clearance height  t o  t h e  hol 
in r a i s e d  pos i t ion  of 85 f e e t .  A 1-ton aux i l i a ry  h o i s t  is  a l s o  pro- 
vided. Control of t i e  crane i s  by means of a c o n t m l  pendant which 
may be raised, lowered, o r  t raversed along t h e  bridge indepecdent of 
t r o l l e y  pos i t ion .  An aux i l i a ry  key-locked statig- contml ~ o s i t i o  
ia'proairled on the baLoony t o  pexnit  s h i f t i n g  of t he  cont ro l  pezdant 
t o  elevated loca t ions  when desired. 

To supply cool ing t o  t he  various shrouds i n  both l abo ra to r i e s ,  a 500- 
ki lowatt  l iquid-nitrogen subcooler is  provided. I n  this system, l i q u  
ni t rogen su?plied f r o m  two 14,000-gallon-cagacity vacuum-jacketed s t o  

tarks on the bui lding roof is  pressurized t o  apgroximatekr 30 ?si 
and. pl-upped through vacuuwjacketed r e c l r c u l a t i n g  l i n e s  t o  t he  various 
chambers. Af te r  c i r c W d a t i n g  through the  shrouds, t he  l i q u i d  r e t u r n s  
t o  t he  subcooler a t  a pressure of a p p r o x k t e l y  40 p s i .  Since t h e  
l i q u i d  is  always gressurized,  i t  does not bo i l  w5thin the  s A b u d  pas- 
a-s, but absorbs heat  t;u'ough temyerature r i s e  of t he  l i q u i d  from a 
s t a r t i n g  teg3erature of approximately 80'~ t o  a d u r n  r e t u r n  t e q e r  
ture of 110 K. Upon r e tu rn  t o  the  subcooier,  t h e  v- l i q u i d  i s  pass 
through a heat  e x c h a g e r  immersed i n  l i q u i d  ni t rogen bo i l i ng  a t  atrr.0~ 
pheric pressure,  thus w i n  cool ing  t h e  c i rcu la t i f ig  l i q u i d  wnich then 
passes t o  the pmps f o r  r ec i r cu l a t ion .  

The subcooler 's  max3m.m output i s  achieved Kith a c i r c u l a t i o n  r a t e  of 
300 gallons/minute. To achieve this, fou r  1 0 0 - ~ r n  n i t rogen  pumps aze 
provided (1 is  a sFare) plus one 50-gpm pump wnicn i s  used alone! at  
timco of low deimnd. 

- 
To provide cryopunping ca?abi l i ty ,  two 1200-watt helium refrigerators 
a r e  provided. These systems compress helium 3"-s ' t o  a?pmrimately 300 
ps i ,  pass i t  through a s e r i e s  of hea t  exchangers, then e-qand it t h o  
an expansion engine. Af te r  cooldown, the gzs l eav icg  the  expamion 

4 engine w i l l  have a tem?erature below 15 ?; and a pressure of 30 p s i .  i 
then yasses throu& vacuum- jacketed, super-insulated l i n e s  t o  t h e  va r  
ious chambers, t . bugh  cryopum!, m a g s , .  and back t o  t he  r e f r i g e r a t o r s  
a t  a temperature of not aore  than 20 K f o r  r e c k c i l a t i o n .  The a c W  
c opump ar rays  in the  chambers must be maintzined a t  a temperature o 3 20 o r  below t o  permit crjopumping i n  t h e  ultra-high vacuyn range. 
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3 -4  CONTROL PANEL 

Control of a l l  motors, punps, and valves f o r  Chambers A ,  E l  and C ,  
p lus  con t ro l  of the  l iquid-nitfogen subcooler,  t he  two helium re f r ig -  
e r a t o r s ,  and t h e  s o l a r  simulator i n  'Chamber B, i s  from a cen t r a l i zed  
Control Room loca ted  on the  manlock l e v e l  on the  second f l o o r .  An 
annunciator panel provides v i sua l  and audible  signals t o  no t i fy  the  
ogemtor  of a v a r i e t y  of e w p m e n t  malfunctions. An intercom system 
provides head-set c o ~ c a t i u i ~  over,an.J one nf e ight  channels from 
t h e  Control Room t o  a l l  p a r t s  of, the  laboratory,  a s  wel l  zs conmmi- 
ca t ion  between any tuo o r  more s t a t i o n  loca t ions .  ?@g systems 
allow paging e i t h e r  from the cont ro l  room o r  from t h e  entrance lobby. 
One, o r  a t  most two, duty opei-ators in the  cont ro l  rooa can operate  
a l l  the high-bay chambers plus the  ni t rogen subcooler and re f r igera-  . 
t o r s .  

Also loca ted  i n  the  Contml Room is a da t a  a c q u i s i t h n ,  da t a  process-: 
ing ,  and da t a  control  system. 9.e system is conputer con fml l zd  and : 
w i l l . s e r v i c e  all of t i e  s:rstem,s i n  the laboratory s ~ t a ? e o u s l g .  

The da t a . acqu i s i t i on  cagaS i l i t i e s  of the,system include: 500 s igna l  
condi t ioning modules which convert vol tage,  cur ren t ,  o r  r e s i s t i v e  tzaiis- 
ducer outputs  t o  m i l l i v o l t s ;  500 low-syeed da ta  channels which a r e  read 
by the  computer a t  a mzxinum r a t e  of 200 readings per  second; and 40 
high-speed da ta  c 3 a . e l s  with a maximum input  r a t e  of 12,.500 readings. 
p e r  second. The system has fou r  f d l - s c a l e  input r a n e s :  10 mv, 20 w ,  
50 w ,  and 10'0 mv. Ove,.211 system accuracy i s  b e t t e r  t,han 0.5 per  cent 
of f u l l  s ca l e .  ?he input of each channel is se l ec t ed  Sg t he  computer 
under cont ro l  of i t s  s tored  program. 

The computer w i l l  convert the  da ta  from m i l l i v o l t s  t o  Dhysicdl u n i t s  
(pressure ; load ,  t q e r a t u r e ,  e t c  . ) , compare the data aga ins t  maximu- 
minimum and/or rate-of-change limits, record the da t a  on one o r  two 
magnetic tape recorders ,  and/or p r i n t  se lec ted  da t a  on t h e  l i n e  ~ r i n t e r .  
Execution can be r a d i c d l y  varied from one t e s t  t o  another  t o  meet a 
wide v a r i e t y  of t e s t  requirements. The computer w i l l  accom?lish high- 
speed closed-loog and a u t ~ u t t i n g  continuously v q i a ' c l e  control  s ignz ls  
through one o r  more of t he  f o r t y  digital-to-analog converter  channels. 
Up t o  40 channels of on-off cori tml are a l s o  ava i lab le .  

A master event c o n t m l l e r  enables the  system to  hvldle  t e s t s  from sev- 
e r a l  chambers simultaneously..  Each t e s t  i s  divided i n t o  one o r  more 
jobs and each job i s  assigned a p r i o r i t y  number and a com3uter se rv ice  
r a t e .  The se rv i ce  r a t e  can vary from 4000 times per  second t o  once 
every severa l  hours. me system handles up to  24 jobs s ~ t a n e o u s l y .  
While the  system is opemt ing ,  time periods w i l l  be ava i l ab l e  f o r  addi- 
t i o n a l  work. These t b e  periods w i l l  be used t o  perform f u r t h e r  analy- 
sis on recorded data, t o  grepare document qua l i t y  t e s t  r epo r t s ,  t o  s e t  
up new t e s t s ,  o r  to '  re forna t  data f o r  addi t iona l  ana lys is  on the 1 3 M  
:7094 o r  Univac 1107 computers at the  3oeing Computer Center i n  S e a t t l e .  
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1 3.5 (continued) 

In addi t ion  t o  t he  system described above, t he re  i s  a l s o  ava i l ab l e  i n  
t h e  Contml  Room a simple d i g i t a l  da t a  logging system. This s y s t e ~  
vill handle 200 low-level data poin ts ,  recording e i t h e r  on magnetic 
tape (at the  r a t e  of 10 poin ts  per  second) o r  on "grocery tapew pr in t -  . 
out.  This system may be used f o r  t e s t s  r equ i r ing  no cont ro l  functfon. 
Data may be reduced on the  SDS 910 Cornouter i n  t he  500-channel d ~ t a  
eystom, another SDS Y j O  Computer i n  t he  same bui lding,  o r  the  Zoeina , 

Computer Ccnter. 

3 6 SOLAR SIMITWIWE 

Two 2.5-kilowatt xenon short-arc  lamppowered s i rnua to r  units are  
avai lab le  f o r  t e s t s  in the  Materials and Components Laborator/ requip 
ing s o l a r  simulation. Lens systems a r e  ava i l ab l e  t o  pro jec t  a c o l l i -  
mated bean 6 inches i n  diameter or a diverging projected Sea3 1 j inches 
i n  diameter a t  one s o l a r  c0nstar.t (1400 watts/square metsr) t o  test 
specimens i n s i d e  vacum chambers. Op t i ca l ly  f l a t ,  bakeable quar?z o r  . doers. sapphire windows aze used t o  transmit the bean i n t o  the  vacuuzi c%=-' 
Windows of 4 inches ,. 5 inches,  6 incnes,  and 1.2 .inches a r e  ava i l aS l s  
f o r  use a s  needed. 

In addi t ion ,  one carbon a r c  s o l a r  s k i d a t o r  is  ava i l zb l e .  This w i l l  
k c a d i a t e  a c i r c l e  19 inches i n  diameter u s ing  pro jec t ion  op t i c s ,  o r  
12 inches i n  6 i ane t e r  u s ing  a collimated bem,  t o  one s o l a r  constant.  

Two mass spectrometers a r e  ava i lab le  f o r  analyzing r e s i d u a  gases in- 
s ide  vacuum systems during t e s t s .  The Consolidated Electro&/r.+cs 
cycloidal  t -ne r e s idua l  gas analyzer has analyzing capabi l i t ' ies  t o  
masa 60 a t  minimum chamber t o t a l  gressyres  of aporoximately 5 x 10-9 
t o m .  The General E l e c t r i c  s ec to r  type instrument nas approxiraateljr 
the same mass range but g r e a t e r  s e n s i t i v i t y ,  enabl ing i t  t o  be used 
at t o t a l  pressures down to 1 x 10'lo t o r r  o r  s l i g h t l y  lower. A new 
~arik quadrupole mass spectrometer w i l l  be ava i l ab l e  after June 1966. . 

3.8 . ION GAUGE CALIBRATION S'ISTCI 

A Varian ion gauge c a l i b r z t i o n . u n i t  i s  used. f o r  pre-ca l ibmt ion  of a l l  
ion  gauges used i n  t e s t  work. Cal ibra t ion  is c a r r i e d  out i n  accorda?ce 
with the  A.S.T.M. Ion Gauge Cal ibra t ion  Standard down t o  a pressure of 
5 x 10-8 t o m .  

REV LTR A 
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3 .9  oTHEi=! c a c a m r ? 7  , 

h assotbuent of o the r  equipment i q  ava i l ab l e  '=n *he l s b o r a t o r ~  to  
suppert t e s t  requirements. Included are f o u r  helium mass spec tnme te r  
l eak  d e t e c t o r s , p o r t a b l e  pumping u n i t s  f o r  rougfiing small ion-pumped 
ehamberp, por tab le  pressure gauges, t o t d  radiometers,  a s p e c t r o r a d i o -  
meter f o r  checkinq s o l a r  sirmilators,  and an a s s o r b e n t  of e l e c t r i c a l  
m e t e m o f  a v ide  v a r i e t y  of types.  m e r e  a re  ?or tab le  devices which 
may be wed as needed i n  my o f  the  e l~uL. i s  i n  thc  1abor;rt~z-y. 
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Westinghouse Power Systems 
Electric Corporation , Company 

tusion Power Syslams Department 

Box 10864 
Pinsburgh Pennsylvania 15236 
(41 2 )  892 5600 
FPSP : 81 -389 

September 24, 1981 

D r .  P. Y .  Hsu 
EG&G Idaho, I n c .  
P. 0. Box 1625 
Idaho F a l l s ,  I D  83415 

SUBJECT: Response t o  Request f o r  I n fo rmat ion  on Candidate Westinghouse 
Test F a c i l i t y  f o r  TPE-11 

Dear Peter :  

D r .  Rose has asked me to, respond t o  your September 11, 1981 request f o r  informa- 
. t i on  on Westinghouse t e s t  f a c i l i t i e s  t h a t  could be considered f o r  use i n  the  
TPE-I I program. I am enc los ing  herewi th  desc r ip t i ons  o f  several Westi nghouse 
t e s t  f a c i l i t i e s  t h a t  we f e e l  have p o t e n t i a l  a p p l i c a t i o n s  f o r  t h e  TPE-I1 program. 
They inc lude  t h e  f o l l o w i n g :  

a Pressurized water coo lant  loops and t e s t  f a c i l i t i e s  w i t h  water 
e x i t  temperatures up t o  300°C and coo lant  pressures up t o  2000 
p s i .  

a L i q u i d  l i t h i u m  loops (LLP and ELF). 

a High sur face heat f l u x  t e s t  f a c i  1 i t i e s  . (ESURF, ASURF and plasma 
arc heat ing  systems'). 

a Test loops t o  study fo rced convect ive b o i l i n g  heat t r a n s f e r  t o  
water.  

The enclosed mate r ia l  should prov ide  most o f  t he  answers t o  your  quest ions.  
With t h e  except ion o f  ASURF, a l l  a re  e x i s t i n g  t e s t  f a c i l i t i e s  t h a t  can be used 
i n  support o f  TPE-11, provided t h a t  6-9 months o f  advance n o t i c e  i s  g iven t o  
a l l o w  t ime f o r  schedul ing. ASURF i s  scheduled t o  be opera t iona l  i n  March 1982. 

We do n o t  have a t e s t  f a c i l i t y  t h a t  can prov ide nuc lear  heat ing  o f  t he  type 
necessary t o  s imulate f u s i o n  b l a n k e t l s h i e l d  bu lk  heat ing.  However, e l e c t r i c a l  
res i s tance  heat ing  t o  s imula te  nuc lear  heat  generat ion i s  poss ib le  w i t h  any o f  
t he  1 i sted t e s t  fac i  1 i t i e s .  We have past  experience i n  s imu la t i ng  nonuniform 
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heating w i t h  such a  f a c i l i t y  by s p a t i a l  v a r i a t i o n  o f  e l e c t r i c a l  res i s tance  o f  
the  t e s t  piece. The t1ecessdr.y power supp l ies  f o r  e l e c t r i c a l  res i s tance  hea t ing  
are general l y  avai 1  able.  

Fur ther  rev iew and d iscuss ion w i l l  be requ i red  t o  p rov ide  a  d e t a i l e d  response t o  
your quest ionna i re  concerning t h e  c o s t  o f  us ing  the  t e s t  f a c i l i t i e s .  Obviously, 
t he  cos t  w i  11 depend on the  type and t h e  sca le  o f  t he  t e s t s  requ i red .  Once t h i s  
i s  b e t t e r  def ined,  we can supply you w i t h  t h e  c o s t  i n fo rma t ion .  F u l l y  q u a l i f i e d  
and h i g h l y  experienced pro fess iona l  personnel a re  a v a i l a b l e  t o  support these t e s t  
f a c i  1  i t i e s .  Th is  support a1 so inc ludes machine shops and metal l og raph ic  and 
chemical l a b o r a t o r i e s ,  e t c .  as descr ibed i n  t h e  encloqed m a t e r i a l  . 
Please f e e l  f r e e  t o  g i ve  me (412-892-5600, e x t .  5486) o r  Dr. Rose (412-892-5600, 
ex t .  5422) a  c a l l  should you need any a d d i t i o n a l  i n fo rma t ion  o r  have f u r t h e r  
quest ions . 
Sincere ly  yours, 

/ j m  
enclosure 

cc:  R.  P. Rose 
T. C .  Var l  jen  



PWRSD Test Engineering Laboratory 

Hydraulic Model Testing 

Miscellaneous hydraulic tests on 
mock-ups of reactor system parts 
and components are routinely per- 
formed at the Test Englneering 
Laboratory. Typical of this type of 
testing are the two discussed below. 
which were recently completed: 
Emergency Core Cooling Flow 
Distribution: As shown above, a 
10 x 10 roo bundle was installed in a 
plastic housing ~ ~ i t h  a warer supply 

' 

at the top. A grid-collec:ion unit at 
the bortom o i  the bundle collected 
the water as it flowea through the 
model and diverted it to the mezsur- 
ing tubes at the base. Knowledge of 
:he flow distribution in the bundle 
was obtained in this manner.. 

Sample System Mixing Test: This 
test used one thermocouple to mea- 
sure rhe temperature o i  water from 
four locations in a reactor. The 
purpose of the procedure was to 
determine whether the indicarion 
from the single thermocouple was 
representative of the average temp- 
erature o i  the fourwater supplies. 
A mock-uo of the mixins ckercer  
was constructed so that hot or cold 
water-at closely controlled pres- 
sure--could be supplied to any of 
:he four inlets. By running combina- 
!ions of hot and cold inlets and mak- 
ing simultaneous recordings of :he 
various iemperatures, highly usaiul 
information was obtained. . 

PWRSD Test Engineering Laboratory 

Mechanical Component and Vibration Tests 

Full-scale mechanical and vibration 
tests are performed at the Test 
Engineering Laboratory on plant and 
reactor components :o prove the 
reliability of equipment design. 
Typical of these tests is the Rapid 
Refueling Roto-Lok Stud. a stud bolt 
with breechlock thread. The primary 
purpose of this testing was to deter- 
mine the stresses in thread segments 
for different stud tensions. The 
Roto-Lok was cyclically loaded to 
3,750,000 pounds. and stresses were 
measured with 140 strategically 
located strain gages. Data obtained 
were (hen converted !o stress versus 
tension. 
Another test was a cycling endur- 
ance test of a full-size Cable Tray, 
which is part of the Rapid Refueling 
System. The purpose of this test was 
to determine tray loads. deflections, 
and Cable wear auring the liie o i  an 
installation-and 25?/0 Seyond. The 

Cable Tray was positioned on rollers 
and l ~ i t h  one end inserted into a 
deep pit, the Tray (with cables 
installed) was raised vertically at 
one end with a mobile crane to a 
point 20 feet above ground. With 

cab les  hanging over the end of the 
tray at a 00" bend, the elevated er,a 
was moved .about 35 feet horizon- 
tally, and the opposite.end dipped 
into the pit. This was followed by 2 
return to the starting position for 
a total of 220 cycles. each one 
involving alternate PO" bends and 
straightening of the fully installed 
cables. 
Vibration testing of reactor com- 
,3onenrs is also performed in this , 

Laboratory, using elec:ronically 
excited shaker heaas. Three sizes 
are available (2 Ibs.. 50 Ibs.. and 150 
Ibs.) for regular scale moael testing 
:or frequencies from 5 H, :o 50 H,. 



PWRSD Test Engineering Laboratory 
"A" & "6" Loops. Low-Flow/High-Pressure 
Hydraulic Facilities 

These loops are small, hlgti- 
pressure, stainless steel facilities. 
used for testing small components 
and incf~vidual parts of larger com- 
ponents under normal .uorlting 
conditions. A canned motor pump 
circulates water in both "A" Laop 
and "8" Loop at 150 gpm. Operating 
temperatures are obtained from the 
tocvenicn of:?.? scrnpi:~ ;c4.ver 
into heat. as well as from external 
heaters. Typical tesrs run in these 
loops are: a. full-scale Gar8 and 
check valves: b. materrat cdi7asion- 
erosion, 'ulth variable water chcn- 
is:ry; 3nd. c. c3rrosion product 
release and transpon propenies of 
CNd. 

Cndrat:t?rlSdcs of "A" & '!S" Luops 
blaximum Flow 

. . . . . . . . .  Rate .I50 gpm at 300 ft. 
Maximum PumO 

. . . . . . . . .  Head .335 :t. at 60 gpm 
Maximum Allowable 

. . . . . . . . . . . . .  ?ressure ,2406 psi 
~Waximum Allowable 

. . . . . . . . . . .  Temperature ,653" F 
:;ormai Noritinq Fressure . . TGGO psi 
lrlormar '~Vorking 

. . . . . . . . . . .  Temoeqture ,600" F 

PWRSD Test Engineering Laboratory 
"0" Loop. Medium-Fiow/Hig h-Pressure 
Hydraulic Facility 

The "0" Loop is a flexible test 
facility used for demonstrating the 
interplay of reactor subsystems and 
evaluating component design con- 
capts. It contains a canned motor 
pump, which produces a 290 ft head 
at 3000 gpm. All piping (10-inch 
Schedule 160) in contact with the 
primary water is stainless steel. Loop 
pressure is established and main- 
taified by an air driven charging 
pump operating in conjunction with 
a gas loaded back pressure valve. 
Most of the power required :o es- 
tablish and maintain loo0 tempera- 
ture is derived from the circulating 
pump operation. and 75 Kw of heat 
is available from eiectric strip 
heaten. 
The "0" Loop services a 25" 10 x 38' 
long test vessel. which aczommo- 

dates full-scale models of large PWR 
core components for cperational 
studies. 

Charaderistiu of "Ow Loop 
. . . .  Maximum Flow Rate . W O  gpm 

Maximum Ai l~wable 
. . . . . . . . . . . . .  Pressure ,2400 psi 

Maximum Allowable 
. . . . . . . . . . . . .  Temperature 650°F 

Normal Working Pressure. .2000 psi 
Normal Working Temperature. 6OO0F 

. . .  Pump Head at 3600 gpm. .290 it 
. . . . . .  Maximum Pump Head ,340 ft 
(at 1500 gpm) 

Main Loop Row 
. . . . . . .  Measurement .loa Venturl 

Auxiliary Sow 
. . . . . .  Measurement .S" Venturis 

(2" Branch Lines) 
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PWRSD Test Engineering Laboratow 
"J" Loop. Delayed Departure from Nucleate 
Boiling IIsat Tranater Faaility 



PWRSD Test Engineering Laboratory 
Slngle-Rod Loop. Hea te r  R o d  Development Facility 

~ k 6  sing~a-ma tas~ loop is to 
evaluate orolocype heater mds 
m a  tor in-daom stuay of exiating 
m a  in prwsurizad water system% 
m a  1-1 aactlon ofthe loo0 is essilv 

it&-& m e  D.man. Strew state 
UIQ wowdown a t v a n u  cond11lonS 
can m OImulatQ in the two. The 
main teslsactlm can 01 reolaCed 
m m  aauam tuoe. and ONE Pnmom- 
enon CM oe oooawoa on a ringla 

aurm~adaikm d S lngMod  _ 
' T u t  Loog 
Maxlmum ODamUng 

P-n .............. WO Psi 
Maximum Operetlnp 

Tsmpnature ............. BSa'F 
~ax imum Flow Rate ...... .10 P P ~  
sptern Caoacltf ........... .5  9a 
MMlIIIIJm P w r  

Available .............. .2OQ Kw 
Plping Slze ............ .I' urd 3' 



SINGLE ROcD HEATER DEVEUIPMENT FACILITY 
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FACILITY UPDATE 

STEAM GENERATOR TEST FACILITY (SGTF) 

In 1967. ARD initiated facility design efforts 
toward a Steam Generator Test Facility (SGTF) 
for testing of LMFBR sodium-water steam gen- 
erator models. The facility was commissioned in 
1968. The facility consisted of (1 1 !he General 
Purpose Loop No. 1 (GPL-1)' as a sodium 
source. (21 the Steam-Water Loop (SWL-2) as a 
source of high-temperature, high-pressure 
feedwater, and (3) SILO-I, which is a sllo-type 
test enclosure. 

The SGTF has been fully-utilized since com- 
missioning on the following programs:, 

* + 

Aluminum-Bonded Steam Generator Test 
Program 
Steam Generator Tube-to-Tube Sheet - 

Weld Test Program .- 
1 MW. Three-Tube Steam Generator Test 
Program 

i LMFBR, Double Wall Full-Scale J-model 
Steam Generator Test Program 
LMFBR, Double Wall Steam Generator 
Model Test Program 

support of the ANL/ .3 Tampa double-wall 
steam generator development program. 

In completing- the above programs. ARD has 
developed a trained staff of engineering person- 
nel, operating crews. and supporting technolo- 
gies. This staff, which will be applied to the 
forthcoming Double-Wall Steam 'Generator 
Model Program, has been utilized on a 24-hour 
per day, seven-day per week basis dur ing 
steam generator testing. 

The facility modifications currently underway 
consist in-part of up-grading the thermal ca- 
pacity from 1.0 MWt to 2.0 MWt. This up-grading 
necessitates complete removal of the original 
SWL-1 Steam-Water' Loop, and replacement 
with an up-graded 2.0 MWt System (SWL-2). 
This feedwater system up-grading (cost S700K) 
is part of the overall facility up-grading which 
included increasing the height of the test silo to 
85 feet to accommodate large steam generator 
models. In addition to up-grading of the GPL-1 
sodium SUDD~Y system to the combined GPL-l'/ 

The facility is currently b e ~ n g  modified to con- GPL-1 A system as a part of the LMFBR Thermal 
duct LMFBR steam generator model tests In Str ip~ng Program, a Distr~buted Data Acqu~sltion - 

- -- -- - - 
r 

OPERATING AND OESIGN PARAMETERS 

Facility Operating Mode Recirculation or once-through 

Thermal Capacity 2.0 MWt Heat Input (GPL-1 ! G P l  A)  
2.0 MWt Heat Removal (SWL-2) 

Maximum Operating Pressures 330 psig Sod~um 
2500 psig Wateristeam 

Maximum Operating Temp,eratures 1 200°F Sodium 
950'F Steam 

Maximum Flowrates 400 GPM Sodium (GPL-1 IGPL-1 A l  
30.000 Ib/hr Water (Rec~rculation Flow) 
1 O.GO0 Ib/hr Water (Feedwater Flow) 

Transient Capability , . To be determined 

Third Fluid Service System Available 

Low Flow Capability Control and measuring capability is ava~lable. 

Test Enclosure Size 1 2 feet diameter x 35 leet high 

Water Chemistry Capability CRBRP 

Recirculation Pumb Feedwater Pump 

Type 2-Stage. Centrifugal Canned Rotor 2-Stage. Turbine Canned Rotor 

Rated Flow 30.000 Ib/hr (60 gpm) 16.000 lblhr (30 gpml 

Head & Power 530 psig and 85 kW 320 psig and 42 kW 



FACILITY UPDATE 

System has been installed for data acquisition 
and analysis. 

As a part of the continuing Westinghouse cor- 
porate support of DOE programs, the five-month 
test pfograrn to be carried-out during FY-1980 
(and the FY-1981 subsequent post-test exam- 
ination effort) is being funded by Westinghouse. 

In summary, Westinghouse has establis'hed 
an operational LMFBR Steam Generator Model 
Test Facility and, in the course of over eleven 

. y e a r s  o f  o p e r a t i o n  ( a n d  i n  e x c e s s  o f  

.20.000 hours of steaming at test conditions). 
has developed a trained and competent crew of 
personnel for the installation, operation. and 
examination of steam generator models. The 
combination of GPL-1 /GPL-1 A, SWL-2, and the 
related silo test enclosure provides a,test Bed 
for the evaluation of full-scale LMFBR steam 
generator models at prototypic conditions. In 
addition, the two loop feature of GPL-1 /GPL-1 A 
provides the unique capability of thermal tran- 
sient and shock testing of steam generator 
models. 
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"E" Loop. Low-Flow/Low-Pressure Hydraulic Facility 
. I  . . 

The "I? Loop is a lw-presswe, six- 
inch, stainless steel loop. with two 
circulating pumps. These pumps 
may be connected in parallel. giving 
2009 gprn at 130 ft. head, or in serie6. 
giving 1000 gpm at 260 ft. head. 
flow and vibration studies are can- 
ducted with this loop, and, becaw 
of its low pressure, plastic models for 
visual observation or photography 
may be used. In addition, aJ-inch 
Rockwell water meter in a branch 
line permits the calibration of flow 
meters up to 800 gpm. 

Characteristics of "P Loop 
Maximum Flow 

........ Rate .2000 gpm at 130 R. 
1000 gpm at 260 R. 

Maximum Working 
.......... Pressure .Pump Head 
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PWRSO T d  Engineering Laboratory 
'Y" High-Flw Hydraulic Facility 
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FACILITY UPDATE 

GENERAL PURPOSE SODIUM LOOPS (GPL) 

The General Purpose Loops No. 3 and No. 2 
(GPL-1. GPL-2) were commissioned in 1967 
a n d  1 9 7 1 .  r e s p e c t i v e l y .  T 'hese  h i g h -  
temperature sodium test facilit ies were de- 
signed. as their names imply, as general loops 
for utilization in a wide range of concurrent test 
programs. This approach deviates from the "one 
facility - one program" ConceDt. resulting in ful- 
ler utilization of both facilities and manpower on 
LMFBR Programs. 

Both GPL's have employed the "parallel test 
section" approach over their operational life. 
Facility design is such that test articles can be 
installed. removed, or serviced in these parallel 
test section areas while the facility continues 
operation on other on-going programs. The re- 
sult is full facility utilization with optimum eco- 
nomic benefits to the customer. Facility oper- 
a t i n g . ~ ~ ~ : ~  to be incurred by any one program 
can be minimized by (1  ) sharing operating costs 
with concurrent programs. or (2) operating with 
more than one test section. 

In both GPL's. the basic facility has been 
expanded to include parallel sodium test cir- 

cuits. 'resulting in 'increased versarlllty. The rei 
sults have been to increase theversatility of the 
facility. The GPL-1 facility is now a two-loop 

. system, and GPL-2 is three-loop. The respective 
facility expansions identified. above provide fa- 
cility versatility by ( 1 )  providing increased flow 
'and power capability. for future test programs. 
and (2) permitting parallel. concurrent oper- 
ation of. the various systems at different oper- 
ating conditions. An additional capability that 
the multiple-loop feature brings to the GPL-1 
and,GPL-2 facilities is the ability to impose 
thermal transients and thermal shocks on test 

- articles through the use of circulating sub-loops 
at different sodium temperatures. 

Because of the inherent time-consuming 
efforts associated 'with faci l i ty start-up and 
shutdowns. both facilities are operated on a 
24-hour day, continuous basis. Actual continu- 
ous operating periods for the two facilities have 
ranged from one week to six months. 

Both facilities are currently in use on the fol- 
lowing programs: 

GPC.1 Radial 8;anker near rransler Tesr P'ogram 
GPC- I ILMF5R Thermal Slr!o~ng Evaruar~on Program 
GPC- I LMFBR Oouole-'Wall Steam Generator rest P-ogram 
GPC- I CRBRP Oynamlc .Frlc:~on ~Setsmlc! 7esr Program 
GPL.2 CR8RP Primary Snutuown Svsrems Program 



FACILITY UPDATE 
.- -. . . . . .- - - - - . . . 

In summary, ARD currently has two oper- grams. The application of the parallel test sec- 
ational Sodium Test Facilities with capability for tion concept permits maximum economic bene- 
multiple, concurrent test program implementa- fits to the customer; and the application of the 
tion. The upgrading and expansion over the "multiple-loop" concept provides facilities w ~ t h  
years, inc ludi~~d the recent addition of Distribut- full capabilities. including transient and thermal 
ed Data Acquisition Systems at both facilities. s h o c k ,  f o r  f u t u r e  DOE p r o g r a m m a t i c  
provide versatile "test beds" for future DOE pro- requirements. 

GPL-2 Facility 

EM Flat Lineat EM Fiat Linear . EM Flat Linear ELI Annulat Linear EM Annular Linear 
Induclion Pump Induction P U ~ O  l~iduction PUI-~IQ Induction Pulmp Indtjction Pump 

Ternoerature 1 200'F MAX 1 200'F MAX 1 200'F MAX 1 1 OO'F MAX 1 1 OO'F MAX 

Cold Trap Flow 2 GPM 

Oxygen Purity 1 .O to 5.0 PPM 1.0 to 5.0 PPM 1 0 to 5.0 PPM 1 .O to 5.0 PPM 1 .O to 3.0 PPM 

Caroon Purity 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 

ON-LINE HYDROGEN METER 

Hydrogen.Detec- 

ON-LINE VANAOIUM WIRE STATION 



FACILITY UPDATE 

THERMAL*STRIPING TEST FACILITY (TSTF) 

The Thermal Striping Test Facility (TSTF) was the two sodhm streams; this reduces the heat 
designed as an addition to the General Purpose exchanger  requ i rements  on. r ec i r cu la t i on  
ioop-1 (GPL-1) (discussed separately) to per- through the two loops. A movable glove box can 
form structural thermal striping tests. The initial be positioned over each test section to facilitate 
test facility design accommodates 4-inch diam- t e s t  specimen inspection for periodic crack ini- 
eter cylindrical specimens up.to 14 inches long . ,tiation detection. 
and wall th icknesses prototypic o f  LMFBR 
components. The basic facility can accommo- 
date many other,test specimens or component 
designs. - 

The TSTF consists of two separate sodium 
loops supplying' multiple test sections with 
sodium at different temperatures. Within the 
test section the two sodium streams impinge on 
a cylindrical rotating specimen outside surface 
fro'm opposite directions. A thermal baffle within 
the test section minimizes the mixing between 

OPERATING AND DESIGN PARAMETERS 

System Fluid Sodium 
Maximum Design - - -- ,1.200°F . - 

- "  Temperature 
Maximum Design Flow 200 GPM 
Maximum Oesign Pressure ,300 psig 
Maximum Heat Exchanger 1 MWt . 

Capacity 
Sodium Inventory 1000 lb 
Maximum Temperature 800'F (1 100-300°F) 

Differential 
Specimen Rotation Speed 1 - 10 Hz 



FACILITY UP.DATE 

THERMAL-HYDRAULIC TEST FACILITY (THTF) 

The Thermal-Hydraulic Test Facility (THTF) is 
.used to obtain steady state and transient data 
on thermal=hydiaiilic per'for'~iia~ir;e i l l sudium of 
electrically heated models of breeder reactor 
blanket assemblies. The flexible design, perfor- 
mance ratings and operating characteristics of 
rRlS taCll~ty w ~ l l  Suppbrt a w ~ d e  variety ot compo- 
nent performance..thermal-hydraulic. and Safe- 
ty Code Validation test programs requiring sodi- 
um coo l ing .  e lec t r i ca l  heat  i npu t s  u p  to  
1500 kW and high speed/high volume automat- 
ic data acquisition. 

The THTF is one of several parallel test facili- 
ties sertriced by the General Purpose Loop-1 
(GPL-I!. Tile facility consists of an electrically 
heated test section, inlet and outlet sodium pip- 
ing, a 1500  kW electr ical  power supply, a 

computer controlled data acquisition system 
satellite and appropriate process and test in- 
srrurnenratlon and controls. The facility uses 
the GPL-1 pumps, etc.- to c i rcu la te  sodium 
through the test section and uses the GPL-1 
Heater/Cooler as a heat dump or heat source, A 
81 -rod electrically-heated, full-sized model of a 
breeder blanket fuel assembly is presently .be- . 
ing tested in the facility. 

During test periods, the facility is operated on 
a 24-hour per day, 7-day per week basis. This 
mode of operation maximizes the amount of test 
data obtained in a given period and thus mini- 
mizes project costs by avoiding frequent, costly, 
and time consuming startup and shutdo,wn 
operations. Whenever possible. the facility is 
operated in parallel ('piggyback) with other 
GPL-1 tests to reduce operating costs. 



FACILITY UPDATE 

SH,UTDOWN CONTROL ROD AND MAINTENANCE FACILITY (SCRAM) 

The Shutdown Control Rod and Maintenance diverse data acquisition systems comprised of 
Facility (SCRAM) was designed in 1976 for si- analog and digital systems: and a closed loop 
m~.!ltenen~rs testinq of three full-size prototype cold air circulation system for stator cooling. 
control rod subsystems. The test facility con- 
sists of a , 1  10 foot high enclosure, which con- 
tains three test stations and a maintenance bay. 
A twelve inch diameter, segmented. 42 foot long 
test vessel is installed in each test station, The 
test vessel was designed to prototypically inter- 
face a primary control assembly, dr~veline and 
control.rod mechanism and can be modified to 
adapt to future LMFBR primary systems. 

The vessels were designed to accommodate 
predicted LMFBR control rod system flow, tem- 
perature, pressure drop and alignment confi- 
gurations. The vessels are connected to ,inde- 
pendent flow circuits to provide for independent 
test operations consistent with program needs. 
Other salient test facility features include: 
"built-in" simulated interfaces, including 
shroud tubes and head/nozzle interfaces; ad- 
justable lateral misalignment and bowing capa- 
bilities at several axial locations; ability to mea- 
sure friction and drag load characteristics; re- 
motely controlled verticality control; and a 
maintenance bay and storage vessel for con- 
duct of maintenan'ce activities. 

Secondary features include: fixed sodium 
.level control through use of overflow vessels: 

T h ~ s  f a c ~ l ~ t y  is used to provide substantial 
data related to shutdown systems performance 
and reliability including scram performance and 
also to determine flow and vibration character- 
istics 

Flow Rate (per vessel) I Sodium (ALB Vessell 49.500 Ib/hr I 
(C Vessel) ' . 62.250 Iblhr 

Argon Cover Gas 0.0895 scfm 
Stator Cooling Air 21.6 Iblmin. 

Temoerature 
Sodium' 400- 1 1 OO'F 
Argon Cover Gas . 400 - 1 1 OO'F 
Stator Cooling Air (Inlet) 60°F 
Stator Cooling Air (Outlet) 160'F 

Pressure 
Vessel 300 pslg 
Ex,pansion Tank 150 psig 
Sodium Piping 300 psig 
Sodium Valves 31 5 psig 
Argon System 30 psig 
Stator Cooling Air System 100 psig 

Sodium Inventory (per vessel @40O0F) 
Vessel ' ' 1548 1b 
Expansion Tank 1661b 
Sodium Piping,and 'Jalves 613th . 

TOTAL 23271b 



FACILITY UPDATE 

DYNAMIC AND SEISMIC TEST FACILITY (DAST) 
, 

Westinghouse has constructed a Dynamic 
and Seismic Test Facility (DAST) in support of 
tne Clineh River Breeder Reactor Project. Thls 
facility was designed to provide a test facility for 
the current, on-going seismic evaluation of the 
Clinch River Primary Shutdown System; how- 
ever, the facility is also capable of seismic test- 
ing of other edmpanents .and subsystems, 
including sodium-filled piping assemblies. The 
DAST facility consists of an 80 foot high silo 
used as a test enclosure. Adjacent to the silo is 
a 45 foot high reaction mass weighing 265 tons. 

For the present Clinch River Program. the fa- 
cili ty includes internal test structures support- 
ing a total of eight shakers for inputting vibrato- 
ry motion. To simulate seismic input at the 
Cl inch River reactor head, three of  these 
shake rs  are  i nco rpo ra ted  i n t o  a th ree-  
dimensional shaker table at the forty-five foot 
elevation. The result is a facility capable of test- 
ing full-scale shutdown systems under simu- 

. lated seismic conditions inputted at relocatable 
positions. 

Testing in the on-going program has been 
divided into three phases, utilizing air, water, or 
sodium as the test medium. Seismic testjng of 
reactor components in a sodium environmcnt 
has been carried-out through utilization of the 
Qalset'al PUI-pose Loop No. 1 (QPL-1 I which 'is 
located adjacent to the DAST facility. The ease 
of startup and shutdown permits one or two- 
shift,operation on most programs. 

The test silo-reaction mass facility, combined 
with the multiple-shaker input and related con- 
trols. instrumentation, and Distributed Data 
Acquisition system. provides a unique testing 
capability unavailable anywhere else in the 

United States. The basic facility provides for 
full-scale testing of complete Shutdown Sys- 
tems trom PWH, LMFBR, or GCFR plants. In 
addition, the 80 foot high silo located adjacent 
to an operational sodium test facility permits 
seismic evaluation of long, full-scale reactor 
components and piping runs under prototypic 
Sodlum conditions. 

OPERATING AND DESIGN PARAMETERS 

Triaxial Shaker Table 45 Feet Above Ground 
Horizontal Hydraulic Actuator: 10.000 Ib. Force. 

4 inch Stroke 
Horizontal Hydraulic Actuator: 10.000 Ib. Force. 

10 inch Stroke 
Vertical Hydraulic Actuator: 14.000 Ib. Force. 

10 inch Stroke 

Fivc Rcloootoblc Gholtcr3 
Hortizontal Hydraulic Actuators: 5.000 Ib. Force. 

5 inch Stroke 

Hydraulic Power Supplies 
36 GPM. 3000 psig. 74  HP 
25 GPM. 3000 psig. 50  HP 
20 GPM. 3000 osig. 20 HP 

5 0  Ft. High Reaction Mass 8 Foundation -534.000 Ib. 

8 0  Ft. High 12 Ft. Diameter Silo Test Enclosure 

2 Ton Polar Crane 

Control Room 
Eight Sets of Shaker Controls 
Input Wave & SWCCP Gcncrator3 
Instrumentation Consoles 
F.M. Tape Hecorde,rs 
Real Time Analyzers 8 Dedicated Computer 

Site Facilities 
Oiqital Qata Acquis~tion Systems 
Analog 8 Digital Computer Systems 
Circulating Gas - a6 ICFM. 20 psig Head. 

100 psig Static 
Circulating Water - 500 GPM. 300 psig. 1 8O0F 

50 GPM. 2500 psig. 650°F 

Circulating Sodium - 200 GPM. 200 psig. 1200°F 
1200 KVA. 3 Phase. 480 Volt Substation 



FACILITY UPDATE 

ELECTRICAL RELIABILITY TEST LABORATORY (ELREL) 

This laboratory is used for reliability testing of 
plant protection system electronic modules, 
subsystems, prototypic systems and scram 
breakers. Additionally, the facility is used for the 
development and construction of specialized 
testing and data collection equipment related to 
plant protection system electronics. 

The laboratory is ap~roximately 1200 square 
feet in area and is serviced by an independent , 

heating and air conditioning system which 
maintains the required environment for oper- 
ation of the electronic equipment. The tester 
configuration currently in use automatically 
performs 2800 pulse tests on approximately 

- * 

1000 CRBRP plant protection system modules 
at 8 hour intervals 7 days per week and records 
the ~ass/ fa i l  data, the time, date, temperature, 
relative humidity and line voltage on feletype 
and magnetic tape. The pass/fail data is also 
recorded independently on paper tape printers. 
After manual initiation, the tester automatically 
performs electrical transfer function measure- 
ments on the modules and records the data on 
teletype and magnetic tape. With the present 
tester and test system configurations, approxi- 
mately 1 1,500 individual measurements are 
made and automatically recorded every week. 
The laboratory is equipped with specialized in- 
strumentation such as a digital oscilloscope 
and a logic analyzer in addition to standard 
electronic instruments to facilitate maintenance 
and calibration of the testers and the plant pro- 
tection system modules. 

The tester system 'is composed of individual 
tester units which are composed of standard- 
ized printed circuit boards wired together to 
obtain specific input switching, output switch- 
ing, pulse generation and detection, timing, volt- 
age measurement and alarm functions. The 
number of devices or assemblies of devices 
which are to be tested in an identical fashion 
can range from 1 to 99 for each individual tester 
unit. The number of individual tester units which 
may be connected to the main sequencer and 
data acquisition system is limitea only by the 
requirement that all required pulse tests by all 
tester units be completed in sequence in less 
than 8 hours. 

All input and output voltages must be within a 
12 volt band such as 0 to + 12,0 to -1 2, +6 to 

-6, etc. Voltages outside this range must be run 
through suitable divider circuits. 

Voltage or current pulses can be applied in 
any number or seqlience (such as 0 of 3.1 of 3, 
2 of 3, 3 of 3)*with setable tieights and ad- 
justable pulse lengths. Any number of output 
pulses may be examined and tested for ampli- 
tude and/or maximum propagation delay. 

Up to 17 input and output voltages can be 
measured simultaneously for each device or as- 
sembly of devices under test. These measure- 
ments can be made at fixed times, with fixed 
.input voltages or from a device response such 
as a trip. In addition to pulses, waveform voltage 
or current ramps, and stair-step voltages can be 
applied to inputs. 

OPERATING AND DESIGN PARAMETERS 

Input Pulses 1 .  Up to = I  2 volts input 
2. Pulse length 0,l to 99.9 milli- 

seconds or 1.0 to 
999.0 milliseconds 

3. Propagation delay window. 
0.1 to 99.9 milliseconds 

4. Output amplitude window. 0 
to t 12 volts 

5. Current pulses up to 23 MA 
avaiiable 

Input Voltages 1.  Ramps from 0 to 5 volts or 
5 volts to O:.Rates from 0.1 to 
1 .O volts per second 

2. Stair-Steps of 1.5. 2.5. 3.5 
and 4.5 volts. time at each 
.step adjustable from 0 to 
10 seconds 

3. lnput voltage measurement 
accuracy c0.003 volts 

Output Voltages 1 .  Total of input and output sig- 
nals measured. 17 maximum 

2. Measurement accuracy 
20.003 volts 

Input Currents 1 .  Current ramps of 0 to -3 MA 
C 3 MA to 0, total ramp time of 
1 00 seconds 

Data Acquisition 1. Two Estorline Angus PO2064 
Data Systems 

2. Kennedy 161 015 Tape 
Recorder (7 Track) 

3. ASR-33 Teletype 

1 20 Volt Power 1 .  Solid State Regulator 
1 30 amps 1 20 VAC 60 Hz 

Special Equipment 1.  Nicolet Digital Oscillosco~e 
2. Tektronix Logic State 

Analyzer 



F A C I L I T Y  U P D A T E  

MULTI-LOADING TEST FACILITY (MLTF) 

The Multi-Loading Test Facility was designed 
to perform structural tests on high temperature 
reactor plplng components for validation of ana- 
lytical techniques. The first priority is to perform 
bend tests on piping components with a com- 
binatisn sf cxtcrnal moohanioal loading and 
internal pressure at 1100°F. Test components 
up rd 28 inches In dlarneter can be accommo- 
dated and tests are planned for elbows. tees. 
and reducers. 

The maior features of this facility are summar- 
ized below: 

Reaction frame to support the test sections 
with a load actuator system to provide me- 
chanical loading on a variety of test 
sections. 
Sodium supply to provide an excellent 
heat transfer medium in the test section, 
thereby minimizing temperature fluctua- 
tions which have a pronounced effect on 
creep rates in stainless steels at 1 100°F. 
Argon cover gas supply and inerting sys- 
tem whereby the test cubicle would be 

flooded with argon in the event of a sodium 
leak. 
Instrumentation and contrd~ tor test sec- 
tion temperature, internal pressure, exter- 
nal force, displacement, s.train measure- 
ment, sodium and argon supply and auto- 
matic data acquisition. 

There are no other facilities in the U.S. that 
can provide the testing capabilities identified 
above. The automatic control and data acquisi- 
tion systems allow unattended operation. 
r 

OPERATING A N 0  DESIGN PARAMETERS 

Test Article Pressure Limit 600 psiq 
Test Article Temperature 1200°F 

Limit 
Mechanical Force Limit 50.000 Ib per load point 
Maximum Number of 
Loading Points 10 
Maximum Motion of Test 16 inches 

Article 
Gas Storage Capacity (cover 29.500 SCF Argon 

gas and ~nerting) 
Liquid Sodium Capacity 4 1 31 15 (900 gal) 
System Sodium Flow Rate Static 
Data Acquisition System 200 channel medium 

Speed 



0 FAClLl l Y UPDATE 

The Hydraulic Test Facility consists of two, 
large water loops designed to act eithet Inde- 
pendently of each other, or in conjunction i f  
specific programs require such operation. 
These two loops are the Thermal Mixing Hy- 
draulic Loop (TMHL) and the Multiple-Purpose 
Hydraulic Loop (MPHL). The former is a six-inch 
piping system with flow capability to 2000 GPM 
at temperatures to 180°F; the latter is a twelve- 
inch piping system with flow capabil i ty to 
6000 GPM at temperatures to 1 80°F. Complete 
instrumentation, controls, and Data Acquisition 
Systems are available. 

The two loops above also employ the "parallel 
test section" concept, and have been used on a 
wide variety of CRBRP, LMFBR, and PWR tasks 
over the past twelve years. Most recently; their 
application has included tasks in support of Ra- 
dial Slanket Flow Orificing, Steam Generator 

HYDRAULIC TEST FACILITY 

: Flow Modeling, CRBRP-PCA Flow and Vibration 
'-Studies, and LMFBR Primary Pump Model Test- 

ing. Most importantly, however, has been the 
program effort on the study of Thermal Striping 
,phenomena in the upper internals region of the 
CRBRP primary vessel. These two facilities 
have proven to be exceptionally useful in evalu- 
ating thermal striping behavior: and they'to- 
gether represent an operational facility ready to 
extend the experimental scope and knowledge 
of this critical phenomena. 

. . 

Throu.gh either concurrent or independent 
'operation, the two facilities provide a "cost- 
sharing" option to minimize the operating costs 
of multiple programs being carried-out concur- 
rently in the Hydraulic Facility. The ease of 
startup and shutdown permits one or two-shift 
operation on most programs. 

OPERATING AND DESIGN PAR_AMETERS 

TMHL MPHL 

Maximum Oesign Temperature 180°F 180°F 

Max~mum Design Pressure 200 psi 200 PSI 

Oesign Basis Power Piping Code Power Piping Code 
ANSB31.1 0 ANSB31.1 0 

System F lu~d  Water Water 

Maximum Flow Rate 2000 gpm 6000 gpm 

Pump Head 100 100 psig 
5500 gpm 

System Capacity 3400 gal -. . 
1500 gal 

Filtration Fuil Flow Filter Full Flow-~ilter 

Pip~ng (Type 304 SSI 
• Main System 6 ~ n c h  12 inch 
+ Auxiiiary . 3 inch 1. 4. and 6 inch 

Flow ~easurement  
Main Stream 6 inch Or~ f i ce  12 inch Orifice 

8 Auxiliary 3 inch Orifice 1 and 4 inch Flowmeters 
6 inch Orifice 

. 



FACILITY U P D A T E  

CREEP RATCHETING TEST FACILITY (CRTF) 

The Creep Ratcheting Test Facility was de- 
signed in 1973 for thermal transient testing of 
full size reactor piping cnmponsnts. The initial 
design is specifically aimed at a study of creep 
ratchetirig.in the FFTF/IHX Inlet and ourlet 
nozzles, however, the basic facility has a wide 
range of flexibility. on test section design. The 
first tests were performed with a worst-case 
FFTF ~ l a n t  transient at hold tem~eratures and 
internal. pressures similar to those in FFTF. 
Subsequent tests are being performed at more 
severe conditions to provide data for validation 
of analytical techniques for creep ratcheting 
strain accumulation. 

Argon is used to ~ imulatc oodium transients 
and was chosen ovor nitrogen to eliminate epu- 
rious test results associated with nitriding. No 
other argon facility is available to provide the 
required test conditions and hiyli ~ y u e d  data 
acquisition. All of the test nozzles are welded 
into one full scale test section simulating the 
FFTFAHX. Even if another test facility were 
available, the cost and schedule impact of 
preparing, shipping and re-installing this mas- 
sive test section would be prohibitive. 

The facility is designed to simulate plant tran- 
sients by passing a high flow rate of inert gas . 
over the critical surfaces of the test article. Flow 
area is controlled by internal baffles and flow 
rate Is cantrollable from 2000 to 100.000 Ib/hr. 

The gas supply system includes a cryogenic 
pump, vaporizer and storage tubes with the 
main piping loop fabricated with four to six inch 
pipe. Test temperatures up to 1200°F and test 
pressures up to 600 psig can be' accornrnodat- 
ed. The test section is located in a blast resis- 
tant test cell with a remote control room and a 
high:speed data acquisition system that can 
handle UD to 200 channels. 

The automatic control and data acquisition 
system allow unattended operation of the facil- 
ity except during the periodic transients, there- 
by reducing operating costs. 

QPERATING AND PESIQN'P~RAMETERS 

System jlurd 
Maximum Design 

Temperature 
Deoign Prooourc 
Design Basis 

System Flow Rate 
Pipe Material 

Pipe Sizes: Main System 
Qas Storage 

Gaseous Argon 
1200°F 

GOO psig 
B 31.1.0 Power Piping 
Code 
100,000 Ib/hr 
ASTM-A.312. Type 304 

and 31 6 Stainless Steel 
6-inch Sch 40 
300.000 SCF at 
2500 osia . - 

Cryogenic Liquid Storage 2600 gal 
Vaporization and 800 SCMF to 2500 psig 

Pressurization 
Total System Inventory 400.000 SCF 
Data Acquisition System High Speed Digital Data 

Logger 



FACILITY UPDATE 

DISTRIBUTED DATA ACQUlSlTlON SYSTEM (DDAS) 

The Distr ibuted Data ~ c q u i s i t i o n  System 
(DDAS) is used to acquire, log and process test 
data from major test facilities 'a! the Waltz Mill 
site. The system provides real-time, interactive 
data acquisition and display capabilities for 
monitoring steady state and/or transient test 
operations and off-line computational capabili- 
ties for reduction. analysis and presentation of 
teat data and resi-llts 

The ODAS consists of four remotely located 
mini-compu_ter controlled analog/digital mea- 
surement subsystems connected to a central 
mini-computer facility. The remo:e satellites 
provide the data signal measurement equip- 
ment. sufficient input/output and storage equip- 
ment for limited software development, and data 
processing for effective operator or computer 
interactive real-time monitoring of test oper- 
ations. The central facility provides the program 
development resources, mass storage equip- - . .> 

ment and high speed input/output .equipment 
for development of appl icat ions and ut i l i ty  
software programs and for off-line reduction 
and analysis of test data. 

The facility is available on an open basis to ' 

users. and supports multi-programming, inter- 
active. real-time software development and data 
processing. A wide variety of data con\~ersion. 
characterization. plot t ing and analysis pro- 
grams are utilized. These programs form the ba- 
sis for development of the applications pro- 

grams packages to meet specific test require- 
ments. Satellite.operation during test periods is 
h a n d l e d  b y  regt; lar f a c i l i t y  o p e r a t i o n s  
personnel. 

The,facility (Central & Satellites) is presently 
serving the Creep Ratchet ing Test Facil i ty 
(CRTF). Multi-L0adin.g Test Facility (MLTF)', 
Thermal-Hydraulic Test Facility (THTF) and the 
Shutdown Cnntrol Rod and Maintenance Facili- 
ty (SCRAM). The Few Tube Model Steam Gener- 
ator Test will also be serviced by the THTF Sa- 
tellite. In addition to the data acquisition and 
processing work peiformed for these programs. 
several other projects utilize the Input/Output. 
computational. graphics and data storage and 
retrieval capabilities of the Central Facility. 

OPERATlNG AND DESIGN PARAMETERS 

a Acquire analog data from multiple remote sensors at 
I sampling rates consistent with natureof the test. 

a Log raw data for permanent storage on magnetic tape. 
Provide real-time displays in engineering units of key 
test conditions. test data and calculated parameters 
for use by ooerators in  monitoring set-up and perfor- 
mance of tests. 

a Assist operators through pre-programmed instruc- 
tions in  proper set-up and performance of  tests. 
Alert ooerators of out-of-l im~t conditions by monitor- 
ing selected parameters. 

a Provide calculational aids and tabular andgraphical 
hard copy output capab~lit ies for real-time assess- 
ment of test results and/or off-line processing and 
analys~s of test data. 



FACILITY UPDATE 

Materials Test Loops (MTL-2, -3) 

The materials test loops are designed to pro- 
, vide information on the metallurgical behavior 

ul LMBBR system materlala under prototyplo 
corrosion and deposition systems. They are 
therefore designed to produce the same corro- 
sion and deposition effects as full-scale pri- 
mary and secondary LMFBR sodium circuits. 
Position-dependent effects are obtained at the 
end of each run by evaluating sections of loop 
piping. Time-dependent effects are studied 
using test coupons periodically removed from 
hot leg and cold leg test sections - this can be 
done without interrupting sodium flow by means 
of an inert atmosphere drybox system. 

Historically, the facilities were used to com- 
plete a statistically designed .test matrix of 42 
campaigns which resulted in basic design data 
on corrosion wastage and deposition effects on 
the thermal-hydraulic behavior of the FFTF and - 
CRBRP systems. Current work involves expo- 
sure of special component materials to clarify 
their sodium compatibility behaviors. More spe- 
cifically. MTL-2 and MTL-3 are used to obtain 
data on the chemical, physical, and mechanical 
properties of coatings and other wear-resistant 
surfaces considered for FFTF applications, spe- 
cifically those data required on sodium com- 
patability and mechanical integrity. 

This facility originally included four loops in 
llne wlth a travellng, dry argon-filled drybox over 
them. The drybox was moved from one sample 
tank flange to another for withdrawal of exposed 
hot leg and cold leg coupons. Two of the loops 

have been modified to perform priority work of 
other types and the drybox has been removed 
for service on ahsther  f a c ~ l ~ t y .  

The loops are constructed of 0.5" pipe and 
can be torn down for evaluation and rebuilt on 
an approximato 30-day eyele. 

MTL-2/3 were desiqned for 2.7 gnm rnaxi- 
mum flow, a maximum sample section tempera- 
ture of 1 32S°F, and a AT of 300'F. Oxygen level 
of the sodium is maintained between 0.5 and 
1.0 ppm by continuous cold-trapping and is 
measured by a vanadium wire equilibration de- 
vice. 

Sodium compatibil i ty testing of specialty 
(hard facing, etc.1 component materials ior FFTF 
and CRBRP design groups is done on a "need" 
basis. Current base loading is sodium compati- 
bility testing of fuel subassembly duc! load pad 
materials for .use with advanced fuel cladding 
and duct alloys. 

OPERAT lNG AND DESIGN PARAMETERS 

............................... T ,,,. Hot Leg 1000 to 1325'F 
T,,,. Cold Leg ...................... .1..... 700 to 1200°F 
Nominal Na Flow ........................ 2.3 gpm 

Configuration Features 

Hot and cold leg sample exposure sections 
(Isothermall ' 

Cold trap with ecnnnmirer 
Vanadium wire module for oxygen measurement 
Main flaw ecanamlzer ILMFBR/IHX simulator) 
Hot leg heater section ( 1  2 KW. radiant source) 
Cold leg air dump heat exchanqer 



FACILITY UPDATE 

Interstitial Element Transfer Facility (ITF) 

The ITF loop provides a test system used to 
investigate the transfer phenomena of intersti- 
tial alloying elements, (carbon, nitrogen, silicon, 
boron) in a dynamic polythermal system. It 
approximates an operating reactor in terms of 
thermal and mass fluences, surface area ratios, 
and materials of construction. 

The oxygen concentration in the sodium is 
controlled using a cold-trap and monitored di- 
rectly by 'a  vanadium wire equilibration device. 
an electrolytic oxygen meter, and indirectly by a 
hydrogen meter. The carbon concentration in 
the sodium is characterized us/ng a standard 
tab exoosure chamber. 

This facility (unique in the U.S.) was designed 
as a corrosion potential simulation of the FFTF 
primary system. The three specimen test 'loca- 
tions simulate the FFTF hot channel, the FFTF 
average, and *the FFTF low fuel subassembly 
sodium temperature heat rise rates. The hot 
channel location temperature rise rate is 350°F 
over 30 inches. Corrosion kinetics can be quan- 

titatively evaluated at typical LMFBR reactor 
core locations in these test sections. Deposition 
effects can also bsstudied in other ITF loca- 
tions which simMate other positions in an 
LMFBR primary sodium system circuit. 

ITF was used'to set the fuel pin cladding 
corrosion, wastage allowances 'for both FFTF 
and CRBRP design. For the same .applications, 
the rate of carbon and nitrogen loss from'20°!0 
cold worked Type 31 6 stainless steel were es- 
tablished, providing baseline date for the evalu- 
ation of mechanical properties effects. Current- 
ly, ITF is being used to evaluate the corrosion 
behaviors of advanced alloys for LMFBR fuel 
cladding, fuel'subassembly ducts, and core 
structural applications. 

T,,, (Normal) ............................... 1250°F 
T,,,(Max Design) ...................... 1 4004F 

.................... Flow Rate (Normal) 6 gpm 



@ '. , FACILITY UPDATE 

CarbodNitrogen Equilibrium Loop (CEL-2) 

CEL-2 is used to provide experimental infor- 
mation and analytical relationships for FFTF 
and CRBRP design use so that the rate and di- 
rection of carbon and nitrogen transfer may be 
predlcted. Associated mechanical property 
changes of structural materials, within liquid 
metal circuits representative of primary and 
secondary reactor plant systems, can then be 
estimated. 

The principal function of a CEL is to supply 
sodium of known temperature, carbon activ~ty, 
and oxygen content to a large flow-through 
sample tank..Thin foil samples of the structural 
materlals under study are allowed to equilibrate 
with the sedium in the sample tank, and are then 
analyzed for carbon. Control of oxygen level is 
accomplished by means of a cold trap, and.de- 
termination of oxygen level is by the vanadium 
wire equillbratlon method. Actlvlty Of Carbon in 
the sodium is adjusted by means of an encap- 

sulated carbon source, the temperature of 
which is manipulated to control the rate of car- 
bon introduction. Carbon activity is monitored 
by the standard tab equilibration technique. 

This is the only facility of its type in the U.S. It 
offers a means of studying carbon miqrat i~n ki- 
netics over a wider range of carbon concentra- 
tions in sodium than is practical in normal sodi- 
um circuits. Thus, evaluation of off-normal 
events is-possible with minimal risk. Further- 
more, because of the nature of the specimens 
used, large numbers of determinations can be 
made quite rapidly in comparison with the time 
demanded by normal sodium loop techniques. 

............... ...................... .... 1 40OqF 
Piuw Rate (Norntal) .................... 2 gpm 



The SWS loop is used to provide experimental 
information on the self-welding characteristics 
of reactor materials in sodium with relevance to 
the component configurations and conditions 
anticipated in the reactor system. 

System operational parameters include pri- 
mary sodium flow of two gpm at a maximum 
temperature of 1200°F and a AT of 300°F. Oxy- 
gen level of the loop is kept between 0.5 and 
1.0 ppm using a cold trap and is measured by a 
vanadium wire equilibration device. Three sets 
of test chambers are connected in parallel. A 
total of 9 test chambers are normally used. So- 
dium flow through the test chambers is main- 

Self-welding System (SWS-1) 

under investigation. After a period of sodium 
wetting, the two members are brought into con- 
tact and loaded hydraulically to the desrred 
Hertzian level and held under load at the proto- 
typic temperature, sodium purity, etc. At the 
conclusion of the contact period, separation 
forces are measured in tension or in torsion as 
appropriate. 

SWS-1 is used to collect data in support of 
FFTF and CRBRP design (valves. CRDM, IVHM, 
etc.) and under the LMFBR Base Technology 

" programs. ' - . =  * 

I OPERATING AND DESIGN PARAMETERS I 
tained between 0.25 - 0.5 gpm. ' 1 T , .................................................. , 2 0 0 ' ~  1 

Specimens consist of two members with con- - 
tact areas designed to simulate the component I 

.-."- 
Na Flow . 2.0 to 5.0 gpm 

................... Loop T. ....................... 35O0F(Maxl 



'Y 

FACILITY UPDATE 

- 

Sub-component Test Facility (SCTF) 

The SCTF i s  a general purpose sodium test 
' 

facility which was designed to bridge the gap 
' 

between the small mass transfer systems (.3-6 
gpm) and the iarge componcnt test loops (200- 
2000 gpm). 'In its present form, the facility .con- 
sists of two separately pumped, high-flow rate 
(up to 100 gpm), isothermal loops which oper- 
ate at 750°F. The loops share a common dump 
tank and a Vandium Wire Equilibration Device 
which monitors oxygen concentration in the so- 
dium. Separate cold traps control the impurity 
content of the sodium in each loop. Liquid metal 
pressure transducers are used to measure the 
pressure drop across each test section. 

To the basic facility .configuration, test as- 
semblies are attached and sodium perfotman~e 

data is  acquired. The data is  then directly 
applicable for engineering design use., 

The current test assembly was designed to 
perform the CRBRP Lower Inlet Module (LIMJ 
Orifice Life Test. The obj'ective of this test is to 
determine the corrosion/erosion behavior of 
prototypic orifice plate configurations under 
prototypic hydraulic conditions. The test sec- 
tions consist of a stack of four prototypic orlfice 
p la tes  and spacers  r ig id ly  c lamped  and 
enc!osed in a flow through sleeve. 

Loop A Loop B 

Loop Temperature 750°F 7 5O4F 
Na Flow 100 gprn 60gpm 



FACILITY UPDATE 

Sodium Friction and Wear Testing Rigs (SWEATER-1, -2, -3) 

These loops measure the frtction coefficients 0.5 gpm through a cold trap at approximately 
and wear rates of various reactor component 260°F. An on-line electrochemical oxygen 
materials combinations under anticipated oper- meter and vanadium wire equilibration device 
ating conditions, and provide reactor designers are provided to charaeterisc the sodium. Each 
with quantitative data and experience factors vessel is provided with an auxiliary line to per- 
necessary to successfully design reactor mit independent filling or draining while the re- 
component interfaces. Testing has been in so- main ing  loop and test  chambers are i n  
dium, argon cover gas, air, and helium in sup- operation. 
por t  o f  the  LMFBR program and GCFR 
development. 

Each test' vessel uses a dual interface, dia- 
metrically opposed Ioadlng tect~ri ique with 

Three Sodium Wear Test Rig (SWEATER) fa- ve~tically reciprocating motion. FM magnetic 
cilities have been constructed. Each facility tape data acquisition and computer data reduc- 
consists of four test vessels connected in paral- . tion are used in processing the friction data. 
let to a sodium supply loop. The sodium supply These facilities are unique in the U.S. 
loop is essentially an isothermal, EM pumped 
system containing approximately 50 pounds of 
sodium, capable of supplying a total of 5 gpm at , 

temperatures up to 1250°F to,any two parallel 
test vessels. Sodium impurity levels are con- 
trolled by continuously circulat ing 0.2 to 

OPERATING AND DESIGN PARAMETERS 

T,,, ................. ................................ i 250°F 
Flow Rate (Normal) ..................... 2 gpm 
Flow Rate (Max) ......................... 3 gprn 



FACILITY UPDATE 

These facilities are used to test materials 
damage mechanisms and kinet ics due to 
thermally-induced creep and fatigue strains in 
outer surface regions. The tests are conducted 
under prototypic thermal/mechanical and.sodi- 
um purity conditions. 

TCF-1 consists of a sodium supply loop, two 
sample quench tanks, and an industrial tobot 
system used to transfer the 2" Th. x 4" x 4" 
specimeii lrulii u l i e  Lank to the other. The robot 
System can be pre-programmed to obtain the 
desired time-temperature cycle. 

TCF-2 is designed to simultaneously cycle 
three test specimens in a triple fixture attached 
to the top of a large volume sodium pot, which 
contains approximately 1 100 1b of static sodi- 
um at 300°F. The three test fixtures, fabricated 
from stainless steel, operate independently of 
each other. Each test fixture utilizes its own 
pneumatic drive system and is capable of oper- 
ating in both a manual or automatic mode. Also, 
each contains a furnace section where the test 
specimens are heated to temperatures up to 
,1200°F in an atmosphere of argon and sodium 
vapor, then transferred vertically to the sodium 
pool for quenching. The facility is capable of 
performing thermal down shocks (argon to sodi- 
um) over the temperature range 1200-301 O F .  

TCF-3 is an upgraded version of TCF-1, Per- 
mitting improved cycling versatility and the use 
of larger specimens. Owing to mechanical 
~mprovements, both more rapid cycling and 
greatly enhanced equipment availability are 
realized. 

All three facilities are served by sodium loops 
with sodium purity and oxygen monitoring 

Thermal Cycling Facility (TCF-1, -2, -3) 

capabilities. The materials of construction are 
Types 304 and 31 6 stainless steels. 

Ai l  three facilities are involved in the LMFBR 
Base Technology and CRBRP programs on ef- 
fects of thermal cycling (high strain, low fre- 
quency) and thermal striping (low strain, high 
frequency) on sodium system component per- 
formance. In addition, there has been limited 
work of the same type sponsored by the S ~ l n r  
Energy Research Institute. 

~. 

OPERATING AND DESIGN PARAMETERS 

TCF-1 
.................... Drive System L...... Pneumatic ~ransfer  

Between Tanks 
........ . Sample Tank Sizes (2) 6" Dia. x 24" H. 

T,,, (Tank # I  ........................ 1 100°F 
T,,, (Tank #2) ........................ 400*F 

..................................... Na Flow 2 gpm 
Na Inventory ............................ -500 1b 

.................. Max Cycle Speed 1 .5 Min 

TCF-2 
.................. Drive Systems (3) Vertical Pneumatic 

..................... Sample Tank ( 1  One - 24" Dia. 
Furnaces (3) ............................ 3" 1.0. x 12" L: Radiant 

Elem 
T,,, (Furnace) ........................ 1200'F . 
T,,, (Na Tank) ......................... 300'F 

...................................... Na Flow 2 QPm 
Na Inventory .......................... 1 100  Ib .. 

.................. Max Cycle Speed - 1  Min 

TCF-3 
................... Drive System .... Vertical/Rotation 

Pncumatio 
........ Sample Tank Slzes (2) 8" Dla. x 28" long 

T,,, ............................................. 1200'F 
T,,, .............................................. 400'F 

............ ......................... Na Flow : 5 gpm 
Na Inventory ............................ -200 Ib 

.................. Max Cycle Speed -1 .O Min 



0 FACILITY 'UPDATE 

In-Sodium Mechanical Property Test Systems 
(IMPS-1, -2, -3, -4, RCLC-MI 

The primary objective of these facilities is loop sodium.is maintained at 1.5-2.0 ppm by 
development of baseline data on the effect of continuously cold trapping 5% of the main loop 
sodium corrosion on the mechanical behavior of flow. The oxygen and carbon concentrations are 
austenitic stainless steels and'nickel-based periodically measured by vanadium wire equili- 
alloys. Creep, creep-fatigue, fatigue, simple ten- bration devices. Maximum mass flow rate in 
sion. simole com~ression. and stress-relaxation each .loop is 2.5 qpm. - . ' 
data are'obtalned under corrosion conditions 

- 

corresponding with those in LMFBR sodium 
Present work loads relate to the LMFBR Base 

Technology program on materials and struc- 
clrcults. - 'tures as well as to specific FFTF and CRBRP 

Because of the design of the facilities, tests in d i ta needs. Materials included in the several 
air, inert gases, liquid metals other than sodium, test matrices are Types 304 and 31 6 stainless 
and a variety of other liquid media are possible. steels and 1ncone.l 718. These facilities are 
However, the urgent requirements of the LMFBR unique in the U.S. , , + 

development program have to date excluded 
work in media other than sodium. 

MPS-1, -2. -3. -4. and RCLC-M are individual 
facilities consisting of three major components: 
(1 ) mechanical property testing machine(s), 
(2) test chambers and (3) sodium supply loop. 
MPS-1, -2, and RCLC-M have Creep Machines 
for in-sodium cree.p rupture testing. MPS-3 has 
two Mechanical Test Systems (MTS) closed- 
loop servo-hydraulic fatigue machines, each 
with its own test chamber. MPS-4 consists of a 
single MTS fatigue unit and test chamber for in- 
sodium fatique testing. The sodium loops are 
designed to supply LMFBR prototypic sodium to 
the test chambers. Sodium temperature varies 
between 1000 and 1300°F depending on the 
desired test conditions. The oxygen level in the 

OPERATING AN0 DESIGN PARAMETERS 

The sodium supply loops for all four facilities are basi- 
cally slightly scaled up versions of materials test series 
loops (MTL's). In this series. the isothermal hot leg sec- 
tion is replaced by a mechanical test chamber.into which 
the mechanical test machine grips are introduced via 
stainless steel bellows. Sodium is directed past the test 
specimen gage length downward through an orifice de- 
signed to give the desired flow velocity. 

TIMa*, .............................................. 1 32S°F 
................................ Loop AT, ,,,, 350'F 

Sodium Velocity at Sample 
......................... Surface (Max) 20 fps 

Mechanical loading machines are of standard types. 
The creep-fatigue machines are computer-programmed 
MTS units of 22 KIP capacity. 



FACILITY UPDATE 

Fission Product/Thermal Gradient Test Loop (FPL/TGL) 

This facility was originally constructed to 
examine the efficiencies with which radioactive 
species can be removed from LMFBR sodium 
circuits by hot traps and cold traps. Some work 
wag a130 done OR development 01 ~iiaycielic 
traps using Wesiinghouse funds. Early data 
were developed,on the distribution of radioac- 
tive deposits to be expected in the FFTF primary 
system. 

Mnre recently, a small water/stesm loop 
(TGL-1) was added to permit detailed evalua- 
tion of the temperature distributions in duplex 
Croloy (2 114 Cr-1 Mo) steam generator tubes 
undsr steady-atate and off-nlrrrrral corrdillerrs. 

FPL-2 Includes a primary loop, two cold- 
trapping circuits. and a hot-trapping purification 
circuit. The primary loop, fabricated of 112-'inch 
OD stainless steel tubing, consists of a 2 gpm 
electromagnetic pump, 20 K W  immersion 
heater, electromagnetic f lowmeter, cooler. 
valves. sump tank, and expansion tank. The 
cold and hot trap loops are identical except for 
the internals of the traps. Each purification loop 
consists of the trap, economizcr,, electromag- 
netic flowmeter, and valving. The 1oop. i~  also 
equipped with a vanadium wire equilibration 
device.and oxygen and hydrogen meters. 

A stearn/water supply S y s t e ~  has been built 
ad ia~ent  to FPL-2. for steam generator tube 
tests. It consists of the following components in 

series: water supply demineralizer bed: water 
supply tank with prehe,aters and argon purge; 
hydraulic pump; main heater; test specimen 
with bypass line; dump heat exchanger; pres- 
sure regulator; flowmeter; drain. 

The facility is being used to provide thermal 
design data for the ANL/@ Tampa Large Scale , 

Breeder Reactor (LSBR) steam' generator de- 
sign and development contract. 

OPERATING AN0 DESIGN PARAMETERS 

Flowing Budlum Invenray 4 0  Ib 
Svstem Tubing Sire 1 12 inch 0 . 0 . 3 0 4  SS 
Maximum Operating 1200°F 

Temperature 
. Maximum T Around Loop . 200.F 
Immersion Heater Power 20 KW 
Numbar of EM Pumps 2 (1 in Maln Loop. I In 

Sub-loop) 
Nominal Flow 2 gpm 
Purification Systems 2 Cold Traps. 1 Hot Trap 
Purity Verification Systems On-Line Oxygen and 

Hydrogen Meters Wire/ 
Tab Equilibration, 
MBd~le  t3ypass 
Sampling 

Steam/Water Supply System: 
Maximum Operating 850°F 
Temperature (steam) 
Maximum Operating 220Opsig . 
Pressure 
Maximum Water Flow 45 Ib/l~r 

i 



FACILITY UPDATE 

Mechanical Properties Laboratory 

The purpose of this laboratory is to provide a 
capability for mechanical property testing of 
materials for ambient and elevated temperature 
service. 

The laboratory is equipped with sixteen high 
precision, lever arm creep units used in support 
of high temperature design studies of Types 
304 and 31 6 stainless steel, Alloy 71 8, SA 51 6 
and modified 9 Cr-1 Mo steels. 

Six of the units produce multiaxial stress 
conditions in the specimen by a combination of 
a dead load and internal pressure. This system 
is  unique in that axial and circumferential 
extensions are measured simultaneously as a 
function of time. Temperature is controlled to 
+3"F and creep is measured to 5 X 1 inch. 

Ten of the creep units produce axial stress in 
the specimens and have similar temperature 
and strain measuring precision to the multi- 
axial units. 

Three low-load creep rupture units, each with. 
eight test stations, are also used for creep test- 
ing. These units have similar temperature and 
creep measuring precision to the other units. 

A 60,000 psi tensile test unit is used for rou- 
tine tension and compression tests on materials 
and has been used to determine deflection of 
full-size duct components under various'load- 
ing conditions. It has also been used to evaluate 
crush strength of various types of insulation. 

The creep testing area is  currently being 
equipped with a microprocessor system where- 

by all strain and temperature sensors will be 
continuously monitored and data stored on disc 
for subsequent analysis. 

- The laboratory has three Mechanical Test. . 

System (MTS) universal testing machines that 
, can be used for tensile/compression and fati- 

gue testing. Two of the units are of 60,000 Ib 
capacity and one is 200,000 Ib capacity. Cur- 
rently one of the units is being used to evaluate 
the high temperature fatigue perforinance of 
Types 316 stainless steel. The second unit is 
being used to evaluate the wear characteristics 
of duplex 2 1 /4 Cr-1 Mo steam generator tubing 
in a cyclic mode at elevated temperatures. The 
third unit is also used for fatigue testing of 
modified 9 Cr-1 Mo and for tensile testing of a 
.variety of materials. All units can control 
temperature to r 3 ' F  with resistance, induction 
or radiant heating furnaces. In addition, the 
uni.ts are equipped with the necessary X - Y  
recorders, strip chart temperature recorders 
and oscilliscopes. 

This laboratory produces data for essentially 
all LMFBR Base Technology Tasks in which 
materials mechanical properties testing is 
involved. Several CRBRP design support tasks 
are involved as well. 

. In addition to.standard specimen testing, 
fr ict ion testing of steam generator tubing 
internal interfaces, mechanical behavior of fuel 
.subassembly ducts and fuel pin grids, and a 
large variety of other component mechanical 
tests are performed. .- 



FACILITY UPDATE 

This laboratory provides facilities for fabiica- 
tion and assembly of components associated 
with fuel a33ernblie3 for both In an4 out-01-teat- 
tor testing. The development of welding and as- 
sembly techniques .for honeycomb grid spacer 
systems, in ,various materials, to ROT Specifica- 
tions, and the design of asse'mbly and welding 
fixtures, are two significant areas of work scope 
undertaken in the Fabrication Laboratory. 

Major i.tems of equipment in the laboratory 
include: 

- 75 KVA resistance welding machine 
- 50 KVA resistance welding machine , 

- Wire wrapping machine 
- Assembly and welding fixtures for honey- 

comb grid and grid to hexagonal duct 
welding. 

Fabrication Laboratory 

The following is a list of typical tasks com- 
pleted by the Fabrication Laborato'ry in recent 
years. 

Articulated.Contro1 Rod Assembly 
0. Grid-Type Driver Fuel Subassemblies for 

WSA Series Testing in EBR-I1 (37-Pin Size) 
As above, 19~P in  Size 
Wire-wrapped Radial Blanket Fuel Subas- 
semblies for WBA Series Testing in EBR-I1 
(7-Pin Size) 
Grid-type Driver Fuel Subassemblies for 
FFTF (21 7-Pin Size) 
Va r ious  M e c h a n i c a l  a n d  T h e r m a l /  
Hydraulic Instrumented Test Articles of 
the above types. 

Flow test art icles of 37-p in and annular 
(90 pin of two sizes) gridded configurations are 
being produced for the (U. Pu) Carbide fuel test 
program in FFTF. Irradiation test hardware for 
the same program is also in process. 
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H. UNIQUE FACILITIES AND OTHER RESOURCES 

As a consequence o f  i t s  comi tmen t  t o  and extensive involvement i n  v i r t u a l l y  

a l l  o f  t h e  f i e l d s  o f  advanced energy technology, Westinghouse i s  i n  a p o s t t i o n  

t o  b r i n g  t o  bear a wide range o f  e x i s t i n g  f a c i l i t i e s  t o  support the  var ious 

elements o f  the  F i r s t  W a l l / ~ l a n k e t / ~ . h i e l d  Engineering Test Program. F igure  

H-1 schematical l y  dep ic t s  the  spectrum of corporate resources avai lab ie .  

Several of t h e  f a c i l i t i e s  a v a i l a b l e  t o  the  program o f f e r  unique c a p a b i l i t i e s  

t o  meet the s p e c i f i c  requirements o f  the  sur face heat load and r e l a t e d  e f fec ts  

t e s t  program element. The t o t a l  range of f a c i l i t i e s  a v a i l a b l e  o f f e r  f u t u r e  

f l e x i b i l i t y  i n  terms o f  t e s t i n g  w i t h  a l t e r n a t e  coolants and the  combination o f  . 

e f f2cts . .  f a b l e  H-1. i s  a concise l i s t i n g  of t h i s  a r ray  o f  f a c i l i t i e s  w i th  spe- 

c i f i c  and p o t e n t i a l  relevance t o  the t e s t  program element. A l l  o f  the f a c i l -  

i t i e s  1 i s t e d  are loca ted i n  t h e  P i t t sbu rgh  area. which f ac i  1 i ta tes  comunica-  

. t i o n  and coord ina t ion  by a c e n t r a l  p lanning and engineering support organi  za- 
t i o n  ( fus ion  Power Systems Department). The f o l l o w i n g  sect ions prov iae  d de- 

s c r i p t i o n  of eacn major f a c i l i t y  and i t s  proposea o r  p o t e n t i a l  r o l e  i n  the  
program. 

H. 1  THE - ELECTRON BEAM SURFACE - HEATING TEST FACILITY ( € S U R F )  

I n  r e c o g n i t i o n  o f  the  need f o r  near t e r n  surface heat ing  experimental capabi l- 

i t y  f o r  the  engineering .development o f  a wide range o f  f u s i o n  device ccmpo- 

nents, Westinghouse has assembled a f l e x i b l e  surface heat load f ac i  1 i t y .  based 

on an e lec t ron  beam source, a t  i t s  Research and Development Center. The fa- 

c i  1  i t y  became operat ional  i n  i t s  present- con f i gu ra t i on  i n  1980 and was used t o  

t e s t  water cooled cathodes I n  t h e  contex t  o f  t he  negat ive  i o n  source develcp- 

ment program performed f o r  t he  Brookhaven Nat ional  Laboratory.  

Westinghouse i s  p resen t l y  n e g o t i a t i n g  w i t 9  t he  MIT Pltrsma Fusion Cencer t o  

p e r f o m  magnetic d i v e r t o r  co ; iec tor  experimencai s tuo ies  us ing t h i s  f a c i l i t y .  
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? 

:r, 

! 1 iglrt 101, Beau Test Stand 
:: (LIIITS) 
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:: H i g l ~  lemperat~rre L lqu id 
? L i t l ~ i m  f a c i l i t y  

x : 
I i - Ha te r ia l s  Ex&ui l~a l  ion 

. . F d c i l i t y  - 

. Ge~bero l Purpose B o i l  ing 
.: l l a r t  Transfer and Iwo 
: Phase f low Loop 

i 11igtr Power CO? (COFFEE) 
LPSCI. F a c i l i t y  

TABLE 11-1 
SURVEY OF UESTINWIOUSE FAClLlrlES SUIIABLE fOA fUSIOt4 lUU(0UUE 

DEVELOPMENT AND 1ESl 

LOCATION APPL ICATION-DATA UNERATE 0 

U RLD Center Tl~emal/llydraulic/Plechanicdl Response of Targets exposed 
thurclc i 1 1 . PA t o  h lgh  heat f lux bedn~s I n  a vdcuuin envlromiecbt. DC 

f l u x  si laulat ion using raster.ing over areas ranging up t o  
30 cm by 30 cia i n  size w i th  a 36 kU beam coupled t o  a 
h igh pressure water loop f o r  target cooling. 

U RLD Center Characterization of mater ia l  performance under ion 
b u r c t ~ i l l .  PA . beam and atoruic.beam bombardment. Test sect ion 1s 

i n  a vacuua chamber and targets ruay be cooled by a 
h igh pressure uater loop. Provides a 1%) keV beam 
a t  1.5 kU. 

U RLD Center F l u i d  dynamics and heat t ransfer  i n  f lowing l i t h ium 
rlrurc tr i 1 l, PA sys.tems: l i t h l u m  aerosols. jets, sprays, free sur- 

f ace f low, wetted surf aces and screens. Can be used 
w i t h  the e lect ro l l  beam tes t  stand, plasma-arc heater 
o r  radiant heat ing sources. 

U RIM Center Oeslruct ive and nondestructive meta l lurg ica l  
rhurch i  11. PA eramination u s i ~ r g  such equipment as an e lect ron 

beam microanalyzer, scanning e lect ron microscope, 
scanning transolisslon c lec t ron  microscope, Auger 
e lect ron spectroscopy teclmiques, l i g h t  microscopy 
and pholmicrography . 

Y RLO Cenler, 
Church I 11, PA 

U It60 Center, 
Churclb i 1 l , PA 

General Purpose Heat Transfer Studies using R l l ,  A 114, 
hydrocarbons o r  water. P a r t i c u l a r l y  used f o r  cross- 
flow b o i l i n g  studies simulat ing nuclear steam. enerator 2 conditions. Haximum conditions: 250°f t o  550.f. 180 , 

psla-1100 psia. a t  20,000 l w h r .  

l l i gh  power laser development f a c i l i t y  - can be used f o r  
intense target  heating. 

u, 
0 
5 
2 
U) -= 

COPIWENTS/F USION RELEVANCE L" 
3 
U, 

Dedicated t o  fusion :research - used 5? 
fo r  scal lng experlncnts o ld  screening o 
tests. l e s t  secrion i s  i n  a v a c u ~ l  e 
chamber, bean may be e lec t ro~c ica l l y  z 

m- 
cycled f o r  pulse test ing. 3. - 
Dedicated t o  fusoon research. Of f -  c' U) 

0 l i n e  analysis of itqilanted test  ta r -  a 
.jets v i a  a seconjary ion spectrolueter 
Fac i l i t y .  3 

g 
(P < 

Dedicated t o  fusion researct~. 
Y 9, 

a 
3 
m 

I \vai lab\e as reguired t o  provide pre- 2 
test,  during test. and post - test  n 
character izat ior.  o f  tes t  pieces. . C .  r - 

3 
D 
0 
E 
S 

Available t o  supporO tnrnnal/  ~1 .( 

hydraul ic studies m u a t r r -  2 
couled fusion reactor cou~oncnts. 3 

Avai lable f o r  poss4ble fu ture 
fus ion HLO. 



!ABLE 11-1 (COtlTINUEO) 
SURVEY Of YES-INGIIOU~E FAC1LITl€S SUITABLE FOR fUSlON HA:IOUARE 

OEVELOPUENT AND [EST 

LOCAT IOH APPU ICAT ION-DATA EENERATEO C O M H E N T ~ / ~ ~ ~ ~ O ~  RELEVANCE 
2 

u l l igh Energy Ion  Batobardment 
0 2 Simulation PAC i l i t y  (HEIBS) - 
In '< 
'f 

3 

0 ; 

Surface and bulk daage studles t,o simulate h igh 
energy neutron ef f e c t ~ .  Simultaneous braubardment o f  
targets 4 t h  h ig l i  energy mu l t ip le  ion  beus .  (5  2 
Mew l i g h t  ions = I&:. H. etc.) (< 60 MeV iheavy ions). 
Stat ic  (post boa@andment) an4 dynamic (trn o l t u )  mechan- 

. ical; aeasurements. larportarit p r ~ p e r t i e s  being examined 
and techniques u t i l i z c d  include mdulus, In ternal  f r i c -  
t ion, un iax la l  ten! ion, fat igue, m d  stress relaxat ion. 

J o i n t l y  ow8?d and operated by u dlrb tlte 
Univers i ty  a f  Pittsburgh. Co-xupported 
by OFC OMS Tasr Group a c t i v i t i d s  
and tbe Nat l o n r l  Science f ouodat ioa. 

.: Arc l ledter L&oiatory 
(nx- !o) 

n 

East Pittsburgh, PA Gewral  purpose f ac i l l t y  pe rmi t t i ng  tests  of arc heater 
app l l ca t lms  (500 kW t o  3.5 HW per unit) . .  Sodium 
and dater heat t ransfer  loops are availbblo. The 
heater m y  be opereted w i t h  a i r ,  argon, 112-tlr mix- 
tures or chemical feedstock gases, Targets may include 
l l e u i d  l ~ e t n l  droplets, s o l i d  p a r t i c l e s  or f luid-cooled 
sur.faces. f o r  a SLM. kU u n i t  i s  e s t i m t e d  that a 
surface heat f l u x  af 3-5 kW/c can be attalned over 
a target a.rea o f  45-80 cm2. 

Latest appl lca l lon tested wds an am 
heater s i l i c o n  product ion prccess t o r  
JPL i r v o l v l r g  heatlng o f  l i ~ u i d  sociuu 
!.pray:. by tbree 500 k Y  units. llirs 
potenl la1 f o r  fusion cwponent test lrig. 
F.epuires f a b r l c r t i o n  of a tes t  ct~auber 
which can be aated w i t h  the ex ls t i l ry  
power dad Itydramlic loops. 

7 
'AbB' Lou f lou/ll igh Pres- 

g sure Ilydrdub i c  Loops 
ij 

U PUR l e s t  Engineering 
Cdboratory, f o r r s t  
H i l l s .  PA 

f u l l  Scale valve tests, mater ia l  .sorrosim-erosion, 
corraslon product release and trdnsport 
150 ypm a t  2400 pst.  

Pva l l rb le  f o r  fusion blanket coolant 
systeu couqonent evaluat ion/qual i- 
f i c a t i o n  ( fu ture appl icat ions). 

1: 
*Om LOOP - Hrdiws F Ion 

2 Hiylb Press 
b 
n - 
K' .  
0 

'6' Loop - fngineering Core 
0 2 Cooling System F a c i l i t y  - 

U PUR l e s t  Engiaeering 
Caboratory, fo res t  
l l l l l s ,  PA 

Operat ional studies of large Putt core compm~ents 
44UO qpla a l  2400 ps i .  Services a 25' x 38' long 
tes t  uessel. 

Avai lable f & r  fus ion blanket cuolbril 
systeu c w p o n e d  and subsysLou t n e ~ d l  
hydraul ic evaluirtion/qual i f  icdt  Ion. 
(possa le  futurr: appl icat i o ~ i )  

U PUR Test Englmeering 
Caboratory, fo res t  
I l i l l s .  PA 

Test data f o r  analysis of COCA (Loss-of-Coolant - 
Accident) h igh pressure s iau ldt  i on  system rated 
f o r -  2000 ps l and 658"'. 

A v a i l a l e  Ccr t c t a l  fusion primary 
coolant loop siimulation and sltudy 
o f  loss o f  coolant situations. 
(possiule fu ture appl lca l  ~ o a )  



TABLE H-i (CONTINUED) 
SURVEY OF YESIINGIIOUSE FACILITIES SUITABLE FOR FUSION IIAROUARE 

DEVELOPMENT AND TEST 

;j 
2 fACULTY OkSIGNATION LMAT ION APPL ICATION-DATA GENERATED 

'Em Loop - Low Flow. Low U PUR Test Englneerlng f low and v ib ra t lon  studies w l t h  cornpollent cpockups ' . 
c Pressure l l yd ra~r l l c  f a c l l l t y  Caboratory. fo res t  ( inc lud ing p l a s t l c  models fo r  v l r u a l  observotlon) 

H i l l s ,  PA 1000-2000 gpm. 1 

s 
2 
:r. "Flecl~t-Set' Crner ency U PUR Test Eoglneerlng Lou-pressure (0-60 ps la)  f a c l l i t y  deslgned t o  pro- 2 Core Coollng f a c i P l t y  raboratory, fo res t  vide experimental data on the inf luence o f  system 
3 I l i l l s ,  PA ef fects  on Emergency Core Cooling Systems durlng the 
. - ref lood phase of Loss of Coolant Accident. 

Mrcl~arrical Testing Labora- U PUR Test Englneerlng f u l l  scale aechanlcal and v lb ra t lon  tes ts  on p lan t  
to ry  Laboratory, Forest and reactor components t o  prove r e l i a b l l t t y .  

I l l l l s ,  PA )... 
l i .  i .  ' .  

'3' Loop - Delbyed Oepar- U PUR Test Engineering Instrumented pressurized water t e s t  f a c i l  i t y  
l u r e  from Nuclcate B o i l l n g  Cabor+tory, Forest , f o r  verifying ONB phenomena during t rans ient  
l leat Transfer F a c l l l t y  H i l l s ,  PA ' and steady s ta te  system operation. Y111 accept 

a f u l l  s l ze  s lng le loop simulat ion of a fou r - '  
loop PUR reactor system 
2500 ps ia a t  650°F. f low rates t o  450 gpm 

"11" Loop - ll iglr f l o w  U PUR Test Englneerlng ~ e m i t s ' u s e  of l / 2  scale reactor models and f u l l -  
:. Ilydraul i c  l e s t  f a c i l i t y  raboratory. Forest . . scale f u e l  asseorblles f o r  conducting mixlng studles, 

I l i l l s .  PA f l o w ' d i s t r i b u t i o n  studles and s lm l la r  low temperature, 
low pressure- hydrau! l c  tests'  
Haxlmura f low r a t e  = 14,000 gpm 
AP: 120 psi,  water temperature range: 70'F-200°F . 

1 i t l ~ iu rs  F a c i l i t y  f o r  fuslon- W AH0 - Ua l tz  t4Il1. PA Baslc corrosion'and deposition dnformation f o r  mater- 
:' Related Experioients (LIFE) 
l-, 

i a l s  i n  contact w i t h  l l t h l u m  f o r  fusion'.app\lcations. 
L l th lum system operat ing experience development, 
i w u r l t y  monitor ing and con t ro l  developrmlnt. 

2 

Available fo r  fus lsn  coolanc sys- U)  

tea flow o s c l l l a t i s n  and v ib ra t ion  0 
0 

studles using Inexpensive mockups. % 
a 
t i  

Awallable f o r  t o t a l  68slon primary 
c m l a n t  loop s lmu la t i rn  ( inc lud ing - n 
stea~n gcnerator modules, valves, v. 
pups ,  etc. 1. (possible fu ture 5 
appl icat ion 8 

s 
'5 

3 
Avai lable f o r  tesking o f  larye scale 
fusion coolant system components wit11 9 
i r r ternal heat lng ( v l a  e l e c t r i c a l  D 

resistance heating). [possible fu tu re  2 
appl lcat  Ion) (D - 

- 
Awai lab le f o r  fus ion c&or:ent scale h 
ezperiurents'for c*npliex f low d i s t r i -  5 
b8t ion studies. (possiole l u t u r e  D 

appl icat ion) L 2 
U) 
< 
r 4 

Oddlcated t o  fu r lon .  research. I l l i s  loop G 
ii about 70% complete - t o  be operationdlj) 
l a  June 1981 3 

e 



TAILE 11-1 (CONTINUED) 
SURVEY OF U€iTINGliO?lSE fACILlTlES SUITAULE fOR FUSION HARC+lARE 

MVELOPHENT AND TEST 
0 

FACULTY DESIGNATION LOCAT ION APPLICATION-DAIA GENERATE0 
rJ 

C~ENTSI~USION RELEVANCE 
0 8 General Purpose Sodium - U ARD; Ual tz  M l l l .  Yk Mar. f lourate:  200 gpm, temperhture: lZOOaF, pressurs 

f a c i l i t y  #I (GPL-I) (Two 3Ml psfg. 
2 Loops) 

o S t e m  Generator Test L N @ R  s t e m  generator perfonnance'data under both 
u f a c i l i t y  (SGTF) sceady s ta te  and t rans ient  condlt lons 
n 

Secoidary s lds  water loop i s  t h i s  
d a c l l l t y  propused f o r  large scale 
FUIBIS tes t ing  (has a 2 UUt tluat 
re jes t lon  cap.lcity). 

5 
o Tlremnal S t r i p i n g  l e s t  % 

3 f d c i l l t y  (1S l f )  
I I lqh T w e r a t u r e  Struc t u r s l  Des ifgn 

L'. 

'11 
.; 
u. 

o thermal-tlydraulic Test 
n f a c i l i t y  (Tll lFJ 
?? 
9 

The.naal/Hydraullc and Ireat t ransfer .data f o r  deslgn an4 
srf.ety code va l  idat  Ion ( e l e c t r i c a l l y  heated core c o w  
por-ents) 

a 

,P General Purpose Sodlum - U ARD; Ubl tz  H l l l .  Frr! Mrx. f lowrate: 2000 gpm; tergera.ture: 12DQaf at  270 
5 f a c l l i t y  I 2  (GPL-2) (Three psi¶. 
; Loops) 

7: 
0% -0 

3 
o Shutdown Control  Rod LHfflR SafetyfRel l a b i l i t y  Program Data. Ssbsystea and 

&a and Haistendnce Component Performance Data. 
0 Fac i l I t y  (SCRAH) 
P 

Posslble fu tu re  appl icat ion t o  
l l t h h m  systems through s i m i l i -  
tude . 

; Dynamic and Seisulc Test ARD; Ual tz  M i l l ,  Ph LW.LF.BA Sa fe ty IRe l iab l l i t y  Prograo Data for Sllutdown Sys- 
F a c i l i t y  (OASI) . teas (bidurn-f 11 led p lp lng  and assembl!es). ! 

Possible fu tu re  appl lcat ion f o r  tbe. 
selsalc q u s l i f l c a t i o n  of fusion 
systcms cMpoaents 

1, 

E l e c t r i c a l  R e l i a b i l i t y  Tes- K ARB; Ual tz  M l l l ,  PA Ll4fBR Plant Protect ion System Safety and R e l l b b t l i t y  5 tin, Laboratory (~LREL)  Data-Electronic module l l f e t  ime test ing. 
D 

Possible fu tu re  appl icat ion t o  the 
development o f  a r e l l a b l l i t y  data 
Qase f o r  fus los system power supplies 
and elec tron.lc5,. . . 

ul 
H u l t  i-Loadlng Test F a c l l l t y  I! ARD; Ual tz  M i l l ,  FA Ili* Temperature Structura l  Oeslqn-'Structural tests  on 

2 (HLIF) 
3 

s o d l w - f l l l e d  p lp lng  and components at  high telnperature 
U 

0 Creep Rbtc l~et ing Test - U ARO; Udl tz  H I l l .  PA High temperature s t ruc tu ra l  d e s w - c r e e p  ratchet ing 
8 f a c i l i t y  ( C R ~ F )  s t r a i n  accumulation - tes t  temperatures: 1200'f. I 
i 
2 

Possible fu tu re  appl l ca t  ion t o  
rusimn reactor conponents. 

aossible fu tu rs  appl icat ion Lo 
fusimo reactor components. 



TABLE H-1 (CON1 INUED) 
SURVEY OF YESTINGIIOUP F ACIL I l ' lES SUITABLE fOA FUSION IIAROUARE 

OEVELOPNENT AN0 TEST 

FACULlV OESIGHATIOH LQCAT I ON APPL [CAT ION-DATA GENERATED .. 
;I Ilydraul i c  Test F a c i l i t y  Y ARO; Waltz H i l l ,  PA Thermal Str iping. R e l i a b i l i t y  and Performance Data. 

Two large nater  loops are used f o r  f low o r i f  i c i n g  
rl 
3 studies, couponest f low and v ib ra t ion  studies. punq 

performance studies and component thermal s t r ip ing .  
1: F lourates: 2000-6000 gpm, a t  180°f, 200 ps i .  
11 - 
J. 5 Sodium Materials l e s t  - U ARO; Ua l t z  H i l l ,  PA Sodium compatibility - ctreruical, physical and mechanl- 
'2 Loops c a l  propert ies o f  coatings and other near-resistant 

- .  
surf  aces f o r  LMBR appl (cat ions. 

Self-uelding charac te r i s t i cs  of reactor  materiabs i n  
sodium-variable contact periods and loadings. 

" 

- , . I ' 
3 i ,  

Sub-cwonent Test F a c l l l t y  . g M0;  Walt! Mi l \ ,  PA n r i f  ic'e performance. erosion, c a v i t a t i o n  and pressure 
i- (SCTF) I a r drop studies. Capable ,of 100 psi/100 gpm f low . 

8 z 
Y ,: 1 

condtt ions: ! .  
1 

2 
Sodium F r i c t i o n  and Uear Y ARB; Waltz hll, PA ,F r i c t ion  and wear behavior o f  interfaces w l t h  sodium 

y Rigs (SUEAIER-1, -2, -3) : test ing has also been done w i t h  argon, b i r  dnd helium - i n  support o f  GCBA. 
, . 

2 Tl~ermdl Cycl ing F a c l l i t y  YARD; Waltz H i l l ,  PA 'Tests of mater ia ls  damage mechanisms and k i n e t i c s  due 
Ti. ICF-I. -2, - 3  t o  thermally-indriced creep and fa t igue s t ra ins  ln w t e r  

! surface regions ' -  conducted under prototype thermal/ 
mechanical and sodlum p u r i t y  condit ions. 

f. Sodim Pre-E xposu~e Loops I! ARO; Ual t z  Mtl3, PA Used t o  pre-expose mechanical property t e s t  specimens 
t o  representative sodiluo condit ions 

COEMENTS/FUSlON RELEVANCE 

Passlble fu tu re  application f u r  
tes t ing  water cooled FW/B/S 
components. 

P.3ssible future'  a ~ p 1  teat ion  t o  
fusion reactor c w n e n t s .  

Possible fu tu re  appl l ca t  i on  t o  
fusion reactor canponents. Can 
be used w l t h  a l b t h i u s  supply 
s y s t a .  

I 

Possible . future cppl lcat  im to  
susion reactor ccalpoments. Can be 

.zldapted for  l i th iurn use. . 

l iossible fu tu re  rppbicat ion t o  
fusion reactor  components. Can be 
adapted f o r  l i t h i u m  use. 

Possible fu tu re  .application t o  
fus ion reactor cmponents, data 
relevant t o  many I ~ i g l r  t l lero~al  
shock si tuat ions. 

Possible fu tu re  appl icat ion t o  
fusion reactor cnnponenls 
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In-Sodium Mechanical Pro- < per ty  Test System 
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ii 
' Thermal Gradient Test Loop 
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Mecl~anical Propert ies 
2 - Laboratory 

r 
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Cl~emical Technology 
q Laboratory 

- 
0 
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* Engineering Test Laboratory 
0 
0 
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D 
0 
d 
? 
9 l l ybr id  Canpuler f a c t  l i t y  

TACiLE H- l  (CONTINUED) 
SURVf I OF YESTINWICdlSf FACIL ITIES SUITABLE FOR FUSION HARDWE 

OEVELOPWENT AND l f S T  

LDCAT ION APPLICATION-DATA GENERATED 

Y ARD; Waltz H i l l .  ,PA Crew, creep fat igue, fatigue, simple tension, slmgle - 
coqression. and stress-relaxat ion  data under corrosion 
cord i t ions corresponding w i th  LHFBR sodium ~ l ~ u c u b t s .  
Tests may be conducted i n  a l r ,  i n e r t  gases and other 
l i o u l d  cpedla. 

Y ARD; Waltz Mill. PA S o d h  and SteamlWatrr Loops - steaor generator d q l e x  - 
tubes under steady s ta te  and off-normal condl~i'ons. 

!! ARD; Yaltz H i l l .  Ph Broad c s p a b i l i t y  f o r  mechanical propert) t r s t l n g  o f  
maler ia ls  f o r  ambient and elevated tewera lu re  service. 
Creep, a ru l t l ax la l  stress, fatigue, low b a d  creep rup- 
t u r e  and rou t ine  tens i le /cwpress lon test  i r~g. 

Y_ ARD; Yaltz H i l l .  PA fac . i3 i t i es  include i n e r t  environment glove bores wl th  
the zapabll l t y  o f  handling rad ioact ive species. Used 
f o r  f i s s i o n  product removal and transpot-% studies, gas 
pha,se and aerosol studies. 

Y AfSD; Large. PA - f u l l  range o f  selsmic testing. v lb ra t ion  test ing and. 
engineering mechanics test ing. The seismlc f a c l l l t y  
can. aandle large p lan t  components, weighing up t o  40,000 
lb. and up t o  9 f t .  x 9 ft. i n  size. 

AESD; Large, PA F a c i l l t  i r s  include: Ha te r ia l~s  Science, rletdllography 
m d  .(-ray, mechanical test.  thermphyslcal prcpert les 
e lec i ron d i f f r a c t l o n  and e lect ron microsiopy and cheai- 
c a l  vapor depositloo. Leader i n  high teqerature,  h igh 
strength a l l o y  development. 

U AESD; Large, PA - Coupled analog/hybrid cmquter  f a i  i l l t y  used Cor com- 
plex systems' siruulation, pa r t  i c u l r r l y  o v e r d l  power 
p l m t  performance studies. SEL 32/17 d l g i t a l  t q u t e r  
w i th  three EAI-2000 analog cmqutars p l u i  peruhera ls .  

CMHENTS/FUEION RELEYANCE :.; - 
Possi3le f u t u r a  appl ica l  ion t o  
;f us io.1 reactor cocnponenbs. Can 
be ussd w i t h  a l i t h i u m  supply - 
system. . 
Possible f u t u r e  appl icat ion t o  
fusioa reactor roaponents. 

Aval1.rble t o  rapport a l l  o n - r i t e  
enper imental prDgruos. 

Avai lable f o r  l ~ t u r e  fus ion KLD- 5 

salr be used t o  study t r i t i u m  
bel~av-"or p u r i f  i i a t  ion and recmva 1 
Lechn. ques development i n ~ d  act i- 
rated corrosion product oehavior. 

Possible fu tu re  appl icat ion l o  
(rusloe reactor .components. 

- 
bas pcepared ;l'loy sdniplas f a r  the - 

4 - 
CFE ACIP prograa. Ava i l rb le  t o  
support f us ion-related RIO. . y 

? 
:1 
J - 

Avai lable f o r  fus ion RbD. Possible 
fu ture .applicatt,on t o  fusion ,reactas ? 
con t ro l  systems and dynanic systems '? 

5 
simulation. c 

3 
$ 
,Y, 

: 

9 



This activity is funded at a relatively low level in FY181 and tne dt~ration of 

the experimental activity will be approximately two months. commencing in 

April or May, 1981 depending on the availability of funds f o r  tire irlitidtion 

of work. While it is hoped tnat this will be an ongoing program. NIT is not 
in a position to make a long range conmtmie~i~snt for facility,utlli.zatinn. The 

nature of the experimental work involved in the MIT program is quite similar 

to that proposed for first wal.1 component development so there is a clear 
opportunity for tnese programs to share personnel, f aci 1 i ties ana i nf o m a t  ion. 
to the oenef it of the overal i prograrir. Our plan for the snaring of costs for 

facility operation would consist of allocating the cost of manpower and mater- 

ials, on an as-expended basis, to each program. When not in use, tne faci 1 lty 

would be maintained i n  operational readiness', at Westingnouse expense. 

FACILITY OESCR IPTION 

The test stand .was assembled by coup1 ing an existing hign power electron beam 
generator (developed fop E-beam welding and cutting research) to a new pres- 

surized water heat transfer loop and instrumentation and controi system. The 

system consists of the following major components: electron beam gun assem- 

bly, beam power supply, cylindrical vacuum tank enclosing tne test volume, 

vacuum pumping system, water heat transfer loop. and a central control and 

data acauisition system. Figure H-2 is an overall schematic diagram of the 
system showing the relationship of major suosystems, fluid flow paths and con- 

trol logic. 

The photograph of Figure H-3 labels the major system. components wnich are as 
follows: 

1 )  150 x V ,  300 mA SF6 insulateabeam power supply (45 kW rating) 

2) Oil insulated auxilliary power supplies for beam gun (catnoae, 

bias grid, etc.) . . 

3) 16" diffusion pump 

4) Cold trapped 6" diffusion pump 



Figure 11-2. A Scl~ematic OLawara o f  the E-OeamISurface Heat f l u x  Test F a c l l l t y  Showing b j o r  Codant  f low 
Paths and Control Logic 



3 )  Shieldea target chamber (1 m diameter 'x 1.2 m long) 
6) E-beam gun assembiy 

The major components are described in the fol1owing:subsections. 

The Vacuum Chamber 

The vacuum chamber is 1 meter in diameter by 1.2 meters long. It can be seen. 

as item 5' in the overall photograph of the test stand in Figure H-3. Ten 
ports are available for electrical, cooling water . .and . diagnostic feed-throughs 

and vi.sual observations. The interior of the vacuum charnoer is shown in Fig 

ure H-4. The various items indicated in the figure correspond to those on the 

li'st below: 

1) mirror for visual observation of target-during operation 

2) E-beam sweep coil 

3) water cooled beam catcher 

4) water cooled slotted mask 

5) target mounting base . 

6) lao water lines for cool~ng catcher and mask 

7) flexible high pressure (1/2") water 1 ines connecting 

target with heat transfer loop 

8) lead shielding 

9) vacuum chamber 

An aluminum framewark inside the chamber allows flexibility in the choice of 
target orientations underneath the electron beam. The chambei i s  fitted to a 

16 inch diffusion pump (Item 3 in Figure H-3) and a 6 inch trapped diffusion 

pump (Itern 4)  which can produce a chamber vacuum of at least loe5 torr. The 

beam target is an intense source of X-rays; therefore, lead shieldina i s  
provid- ed around the target a'rea. A periscope type mirror arrangement y i  tn a. 

leaded glass port permits visual observation of the target area ouring 

operation. 

s,..;:,;n . .)$N,.. : . . . t . , .~q  O p p a r l ~ r ! ~ ! ~ ~  FUSIO~ Power System!. :Jeparlrnenl F t~s~on Power Svstcms Ocparlrnant f t1~10n Power Srslems i:eliIf!fnenl 
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The €-Beam Gun System 

The high power electron beam generating system is illustrated in the schematic 
drawing of Figure H-5. The eiectron gun generates a beam of 150, keV electrons 
at porcr levels P r x ~ n  1 kU to 36 kW at 240 mA. The beam can oe focused .on a 
clrcular area with a ~aussian intensity profile to a diameter as small as 
1 mm. or defacused r'nr a ieam diamoter as 1-srgc a s . 5  cm. 

The beam enters the cylindrical vacuum chamber through a top port in which a 

high frequency magnetic aeflection coil is located. The deflection system is 

capable of sweeping the osm up to 15 cm from tne undefle~ted~osition at the 

'target 'locati~ri rn times at short as 200 p.' The undef lected oeam stri~sr a 

tungsten block located inside a water cooled copper beam catcher situated next 
to one end of the target. In present experiments a slotted mask (water coolea 
copper), located directly above the target, defines the irradiated target 

area. 80th the mask arid the beam catcher are electrically floating while the 
target is grounded. 8y monitoring the electron currents to the catcher and 
the mask, total beam power and beam power incident on, the sample can be deter- 
mined. The maximum target area coverage normal to ' the beam is a furiction of 

test bed height within' the vacuum chamber. The present test, bed height wi 1 1  

permit the heating of a 20 cm x 20 cm target. Lowerly the bed wjll permit the 

attainment o f  a normal target area of 30 cm x 30 cm. 

A major ~flodiiication to the beam system which is presently being undertaken is 

a vast improvement in the scan system. A new scanning coil is oeing added 
which allows programnable two-dimensional scans, with a range of - + 10' in 

1 

either perpendicular direction. In addition scan rates wi 11 doub Ie, from 
SO cn/ms to 100 cm/ms. Further improvements in the scan system nil 1 oe puss i - 
ble with tne provision of a new co.il driver. Faster scan rates and programmed 
scans would make almost any two dimensional geometry and power distribution 
real'i zable. 

FII-..:: %wel S.{s~erns 0eo;~~':~lcnf Fus~vn Power Svslems Oepanrnenr 611s1on Power Systems Department Ft~slon Pjwer Svsrems Depitrrment 
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Figure H-5. Electron O p t i c a l  Sys tem and Vacuum S y s t c v  of  T e s t  Sun 



Pressurized Water Loop 

The heat transfer loop used to remove the heat load and to proviae the desired 
heat sink characteristics is shown in Figure H-6. The various items shown in 
the figure are identified in the table below. 

variable speed blower for air-cooled subcooler 
a i r  cooled subcuuler. (Filmed tube3 insidc A1 box) 

flow control valves 
T I/PM-550 progrmabl e process control system and TTL 
alarm and interlock system 

N2 supply tank 
30 kW electric prereater 

N2 receiver and pressuvizer tanks 
main circulation pump (centrifugal ) 

pump recircu 1 at ion loop water cooled heat exchanger 

An important consideration in the design of the heat -transfer loop was to pro - 
vide the capability for control of heat sink characteristics in terms of cool- 

ant inlet temperature, ffowrate and pressure. A 3500 rpm centrifugal pump 

provides flow o f  deionized water through the loop, generating f lowrates of up 

to 12 ,gpm. The maximum working pressure is 400 psia. The system pressure is 

automatically controlled by a gaseous nitrogen pressufizer. A subcu~ler'  con- 
s i s t s  n i  a bank of externally .finned tubes actively coolea by a variable speed 
blower enables the removal o f  up t o  200 kW of heat from the water. 

Data Acquisition and Control/Instrumentation Systems 

The. heart of the instrumentation and control system for the loop is a Texas 

Instruments PM-,550 microprocessor based process control system. This is seen 
as Item 4 in Figure H-6. While continuously monitoring and displaying s i x  

selected process variables, the procgss control ler w i  1 1   see^ and maintain tne 

system pressure, flow rate, test section inlet temperature, and pump inlet 

' r ; : . ~ r . l  ! j . / ' : l ~ l y ) 4  DPI):J~I:-I-~V Fl~s~on Power Srslt?ms Oc~arlrncnr Ftlsron Power Syslcm~ Oe~arlrnerrl Ftls~on Powef Sv.iterns Oepnrz. -VII 
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temperature as r equ i r ed  by preprogrammed i n s t r u c t i o n s .  An impor tan t  a d d i t i o n -  

a l  f u n c t i o n  of the system i s  t o  p rov i de  f o r  p r e c i s e  t e s t  a r t i c l e  c a l o r i m e t r y .  

The da ta  a c q u i s i t i o n  s y s t e . ~  i s  p r e s e n t l y  oe ing  .expanded by  t h e  a d d i t i o n  of a  

CAMAC system coupled t o  a  OEC LSI 11/23 micropvocessot-. The system Inc ludes  a  

h i g h  speed l i n 4  p r i n t e r  and i n f o r m a t i o n  s to rage  d i scs .  This,  c a p a b i l ' i t y  p e r -  

m i t s  the a c q u i s i t i o n  o f  da ta  auririg f a s t  t r a n s i e n t s .  Th is  system a l s o  serves 

the  l i g h t  i o n  beam t e s t  s tand (see Sec t i on  H.7) which i s  now be ing  assembled. 

Target ins . t rumentat ion i s  a l s o  i n  t he  process o f  be ing  mod i f i ed .  An i n f r a r e d  

camera system i s  be ing  acqu i red  t'of lrnv~'.oved t a r g e t .  surface temperature meas- 

urements.  his capaoi  l i t r  w i  1 1  be ope ra t i ona l  i n '  e a r l y  1981. 

APPCiCATION AN0 UPGRADE CONSIDERATIONS 

F i g u r e  H - 7  i s  a  t r i m e t r i c  cutaway view o f  the  t e s t  con f  i g u r a i i o n  i n  t he  e l e c -  

t r o n  beam t e s t  stand. The t e s t  volume a v a i l a b l e  i s  de f i ned  approx imate ly  oy a  

c y l i n d e r  1  m i n  d iameter  oy 1.2 m  long. Th i s  volume i s  s u f f i c i e n t  t o  p e r m i t  

the i n s t a l l a t i o n  o f  a  v i d e  v a r i e t y  o f  small-to-medium sca le  zng ineer ing  mock- 

ups o f  components w i t h  assoc ia ted mechanical c o n s t r a i n t s  and f l o w  !geometries. 

The he igh t  o f  the t e s t  su r face  w i t h i n  t he  chamber determines the maximum su r -  

face  area which can be u n i f o r m l y  scanned t o  s imu la te  a  dc su r face  energy f l ux .  

Test sur faces Can Oe i n c l i n e d '  w i t h  respec t  t o  t he  beam. t o  increase ' s u r f a c e  

area coverage and t e s t  e f f e c t s  r e l a t e d  t o  t h e  angle  o f  beam incidenc,e. 

, . 
An ope ra t i ng  map o f  t he  su r face  heat  f l " x  t e s t  cepab i l  i t y  assoc ia ted w i t h  th is  

f a c i l i t y  i s  shown i n  F i g u r e  H-8. With t h e  p resen t  beam power c a p a b i l i t y  o f  

36 LW t he  su r face  energy f l uxes  a t t a i n a o l e  range f rom 360  MU/^' on a 1 cm 2 

s e c t i o n  t o  '0.4 idbi/rn2 on a  900 cm2 sec t i on .  A r e l a t i v e l y !  inexpens ive up- 

grade has been proposed, u t i l i z i n g  an a v a i l a b l e  power supply and new heat  

t r a n s f e r  loop components, p e r m i t t i n g  t he  a t ta inment  o f  up t o  100 xW o f  oeam 

power on t a rge t .  I n  our  r e fe rence  schedule (Sec t i on  E )  we snow ope ra t i on  o f  



Figure H-7. Schematic Diagram o f  Neutral Beam Test  Stand illustrating a T e s t  
Assembly 
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REGIME 

FISURE H-8. OPERATING MAP O F  THE WESTINGiiOUSE SURFACE HEAT FLUX - 
. TEST STAND (NORMAL 8EAM INCIDEflCE ONLY ) 
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the f aci 1 ity in its 'present configuration through September of i481. The up 

graae activity would be implemented during the first.quarter o f  FY'82. 

The test program wnic!? has been recommended in Section C i s  progressive in 
terms of test item size and complexity of effects to be simulated. Thus the 
testing activity during the remainder of FY '81 and FY '82 whicn has been aef in- 
ed can be fully accommodated by the test stand .with the upgrade defined. Sub- 

sequent upgrades nave oeen identified; these can be planned and designed in 
detail in FYI82 and implementea in FY183. These upgrades include: 

Installation of radiant heat sources to provide a large area 
2 ( 1 rn ) "background" surf aca heat fluxes in the range of 0.1 

2 to 0.3 MW/m . 

Installation of ion source(s) to provide in-situ combined e f -  
2 fects testing over areas in the 1 cm2 to 10 cm range 

Mechanical actuators for low cycle or high cycle imposed 

mechanical loads 

Installation of a helium heat transfer loop 

e Installation of a liquid lithium heat transfer loop. This up- 
grade is under consideration to support the magnetic divertor 
technology program where there is some interest in surface 
heating of lithium wetted surfaces and the heating of 1 iquid 
lithium aroplet curtains (both under vacuum conditions). 

The proposed approach for the u t i  1 ization of the E-beam facility provides for 
early testing of a technically relevant nature and defers significant hardware 

expenditures until FY183., Furthennore, ample time is provided to plan and 

design some level of combined effects capaoility which can be implemented 
within the Phase I time frame ana budget profile. 



, ti.2 LARGE SCALE SURFACE HEAT FLUX FACILITY (. ASORF) 

The second basel ine t e s t  f a c i l i t y  proposed f o r  Phase I surface heat load t e s t  

i ng  i s  designed f o r  the  t e s t i n g  o f  f u l l  sca le  s t a i n l e s s  s t e e l  heat r e j e c t i o n  

panels and assernb 1 ies  undet mQderatf2- to-1 ow irrput s u r f  ace energy flux ( 4 . 5  
2 MW/m ) condi t ions.  The f a c i l i t y  can be implemented on a  r e l a t i v e l y  inexpen- 

s i ve  basis  through the add i t i on  of commerciai rad ian t  heaters t o  an e x i s t i n g  . 

l a rge  h y d r a ~ r l i c  loop and heat r e j e c t i o n  f a c i l i t y .  T h e ' r a t i o n a l e  f o r  t h i s  

,apdrgach i s  t ha t  the e a r l y  stages o f  the t e s t  program w i l l  concentrate on a  

l a rge  number o f  r e l a t i v e l y  smal l  t e s t  con f i gu ra t i ons  as t h e  da ta  base i s  de- 

veloped and which can be more e f f i c i e n t l y  handled by t h e  E-beam f a c t l i t y .  

As component designs na tu re  i t  w i l l  be p ~ s s i b l e  t o  cons t ruc t  f u l l - s c a l e  mock- 

ups o f  designs which have been. p rev ious ly  , screened and deal w i t h  phenomena 

which cannot r e a d i l y  be scaled down. The issues o f  i n t e r e s t  here are the 

o v e r a l l  s t r u c t u r a l  i n t e g r i t y  and thermal/hyaraul i c s  performance o f  r e i a t l v e i y  

complex f l ow  geometries which are  design-speci f ic .  Components o f  t h i s  na ture  

which have been designed t o  date p r i m a r i l y  inc lude l a r g e  s ta in less  s t e e l  

f i r s t - w a l  1  heat r e j e c t i o n  panels ana l i m i t e r s .  I n  tnese cases the  vacuum en- 

vironment i s  no t  essent ia l  and the normal surface loads expected are w i t h i n  

the capabi 1 i t y  of r a d i a n t  heat ing  sources. 

The l a rge  water loop i s  the  secondary, heat r e j e c t i o n  system o f  the  ' steam/ 

water l.oop Pacil i t y .  I t  i s  i l l u s t r a t e d  i n  F igure  H-9. The LWL and uC).rer' 
l a rge  scale t e s t  f a c i l i t i e s  are located a t ,  the  Westinghouse ~ a i t z  M i l l  S i t e  

(Madison, Pennsylvania). As a secondary loop, i t s  p r i n c i p a l  f u n c t i o n  i s  t o  

t ranspor t  and r e j e c t  waste heat through. a  coo l i ng  tower. The system cons i s t s  

of a  number o f  heat exchangers w i th  a  t o t a l  heat r e j e c t i o n  capac i ty  o f  2 M W t .  

The capac i t ies  of the system components are as fo l lows:  

Heat Regenerative Capacity Condenser ............... i .3  M W t  .................. Subcooler 0.5 M W t  ................ Heat Re jec t ion  Capacity A f  t e r c o o l e r  'I .3  M W t  .............. Oesuperheater 1.2 Mt(t 

H e a t A d a i t i v e C a p a c i t y  . Preheater .................. 0.2 MWt 
Cool i ng  Tower Capacity 2.0 MWt 

;us. . . . . . . f  lj7slcrn. : i ~ * ~ a r r f .  on1 Fusion Power S y s l e n l s  h?parrrnent F ~ I S I O ~  Power SVSIC~I I~  C ~ v ~ r l m ~ ? n l  Ftislon Power Si .r tem~ Oeo~r!:~imr 
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The system has been used p r i m a r i l y  as a  source o f  f eedwate r  f o r  LMFBR steam 

g e n e r a t o r  t e s t  programs. I t  has beon employed i n  v a r i o u s  steam g e n e r a t o r  we ld  

t e s t  programs an0 steam g e n e r a t o r  model per formance t e s t  programs. The f a c i l -  

i t y  has s u c c e s s f u l l y  logged o v e r  8000 hours  i n  s u p p o r t  o f  t hese  a c t i v . i t i e s .  

The b a s i c  sy.stem . i s  f a b r i c a t e d  o f  216 s t a i n l e s s  r c e e l  w i t h  a  d e s i g n  p r e s s u r e  , .  

r a t i n g  o f .  3000 p s i g .  The p r i m a r y  pump i s  a  p o s i t i v e  d isp lacement ,  v a r i a b l e  

speed pump capab le  o f  a e l  i v e r i n g  380.0 I b l h r  a t  2400 p s i  deveiopeo head. The 

f a c i l i t y  i s  capab le  of  s u p p l y i n g  feeawate r  t o  sod ium- to-water  steam g e n e r a t o r s  

a t  temperatures  t o  60S°F. 

Oata a c q u i s i t i o n  i s ' v i a  an HP-9600 s a t e l l i t e  m in i compu te r  t h a t  i s  c o n n e c t e d , t o  

an HP-1000 c e n t r a l  p rocesso r .  The system u t i l i z e s  t h e  HP-2313 r e a l  t i m e  exec- 

u t i v e  so f tware .  Oata a r e  reco rded  on f l e x i b l e  d i s k s  u t j l i z i n g  f o u r  a i s k  

d r i v e s .  There a r e  c u r r e n t l y  500 r e c o r d i n g  channe ls  w i  t h  an upgrade capab i  1  i t y  

fo r .  1000 channe ls .  

P resen t  proqrarns u t i l i z e  a s m a l i  f r a c t i o n  o f  t h e  a v a i l a b l e  heac r e j e c t i o n  

c a p a c i t y .  The proposed f a c i  1 i t y  m o d i f i c a t i o n  would i n v o l v e  c o n s t r u c t . i o n  o f  a 

p a r a l l e i  t e s t  c i r c u i t  apd e r e c t ' i o n  o f  a  s u p p o r t  f rame f o r  t e s t  a r t i c l e s .  A 

oank o f  c o m e r c i a 1  r a d i a n t  n e a t e r s  would be i n s t a l  l e d  . i n  modular  p a n e l s .  

I n s t r u m e n t a t i o n ,  c o n t r o l  and d a t a  a c s u i s i t i o n  wou ld  be accompl ished tn rougn  

the e x i s t i n g  system which serves t h e  o v e r a l l  f a c i l i t y .  l t  i s  i n tended  t h a t  

f i n a l  p l a n n i n g  and d e s i g n  work f o r  t h e  f a c i l i t y  m o d i f i c a t i o n  be initiates, i n  

F'f'82 and assemuly compleced e a r l y  i n  FY183. As i n  tne  case o f  the  E-beam 

f a c i l i t y ,  o p e r a t i n g  c o s t s  w i l l  be p r i n c i p a l l y  based on labor .  and m a t e r i a l s  

-which a r e  d i r e c t l y  expended on exper imen ta l  t e s t s .  

W.3 PWSIW ARC HEATER F A C I L I T Y  

Ues t inghouse  has a v a i  l a b l e ,  a t  i t s  E a s t  P i  t t s t t u r g h  i a c i . 1  i ty ,  a  l a b o r a t o r y  de- 

vo ted t o  t h e  development and app i  i c a t i o n  t 2 s t i n g '  o f  p lasma a r c  hea te rs .  The 

f a c i l i t y  i s  l o c a t e d  n e x t  t o  t h e  West inghouse H i g h  V o l t a g e  LaDora to ry  wh icn  can 



provide up to 3 MW of electrical power to the arc heater laboratory on a 
steady' state or transient oasis. The laboratory includes a central contro'l 
and data acquisition system, a variety o f  process gas supply systems ( includ- 

. ing' hydrogen, he1 ium, and argon), a water heat rejection loop and a sodium 
loop for both precess and heat rejection purpsses. 

.,,/' 
While a specific test program involving arc heaters for first-wall surface (, ,,@' 

I ' 

testing has not been identified in this res~onse., a description.of our devel- 

opment facility and recent applications i s  provided t o  indicate our awareness 
of this technology and to indicate the availability of the facility should an 

appropriate application opportunity arise during Phase I. westinghouse is a 

~0II'Imercial supplier of a line of plasma art heaters which are available in 
several sizes and ratings, with individual unit power ratings up to 3SOC kW. 

The test facility at East Pittsburgh currently has two ,models availaole for 
development testing: the Mark I1 and Mark 31 midels. The following describes 
recent test applications involving tnese units. 

The Mark I 1  unit was used in a magnetite ore spheroidization program in the 
configuration shown in Figure H-10, The heater is a self.-staoi 1 izing 'device 

witn 1 MW rating. The figure shows the arc heater assembly and the heatlng 

target chamber. The cylindrical chamber has an i'nsiae ,aiameter of,, 20.3 cm. 
Heating chambers of different lengths can be accomodated. The arc \\eater 

efficiency is typical ly 70%; the eff'iciency varies slightly, depenaing on the 

gas used. Gases are heated to a. temperature - (9000 K at the electrodes and 
3000 to 5000 K in the test chamber. Normal target areas up to loO' cm2 can 
be accomnodated v i  th surface heat loads in the range of 25 to 50  MU/^' at a 

distance of 4 inches from the electrodes. 

The Mark 31 unit was designed as an ultra-high temperature heat exchanger for 

industrial plasma cnemistry applications. Individual units are rated at power 

levels up to 3500 kbd and are designed to operate on stanuara 60 cycle AC power 

systems. A recent application of these heaters was in an experimental so'lar 

grade silicon process unit developed and tested for the Jet Propu.lsion Labora- 
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t o r y .  The systen, shown i n  F i g u r e  H-1 1  uses t h ree  500 k W  Nark 31 arc  hea te rs  

connected t o  a  chemical  r e a c t  i on  chamber. The process '  gas i s  a  hydrogen-argon 

m ix tu re .  Figui0e H-12 i s  a  cut-away o f  t h e  r e a c t i o n  chamber. I n  ope ra t i on ,  

l i q u i d  sodium i s  sprayed th rough  the  arc  hea te r  gas stream. The n i g h  tempera- 

t u r e  argon-hydrogen gas causes va f l d r l za t  ior~ u f  tnc  sod ~ u m  drop l e t s  f o r  S U ~ S P -  

quent r e a c t i o n  w i t h  s i l i c o n  t e t r a c n l o r i d e .  

8 .4  GENERAL PURPOSE 80ILING HEAT TRANSFER LOOP 

'A genera l  purpose b o i l i n g  hedt  t r a n s f e r  loop i s  l oca ted  a t  the Vest inghouse 

Research and Development Center ,  i n  c l o s e  p r o x i m i t y  t o  t he  e l e c t r o n  beam t e s t  

a c i i y  A s p e c i f i c ,  r o l e  has no t  been i d e n t i f i e d  f o r  t h i s  F a c i l i t y  i n  the  

Phase I F W / B / S  program f o r  T?E  I ;  however, a d e s c r i p t i o n  o f  t h i s  f a c i l i t y  i s  

p rov ided  i n  the  event t h a t  a d d i t i o n a l  o f f - l i n e  t e s t i n g  c a p a c i t y  i s  r e q u i r e d  

f o r  b o i l i n g  and two-phase f l o w  s t u d i e s  where p r e c i s e  model ing of su r f ace  heat  

f l u x  i s  no t  requ i red .  The loop may be operated w i t n  811. 9114. hydrocarbons, 

o r  wa te r  as t h e  work ing f l u i d .  A p a r t i c u l a r l y  r e l e v a n t  a p p l i c a t i o n  o f  the 

apparatus has been d e t a i  l e d  s t ud ies  o f  c ross - f l ow  b o i  1  ing  heat  t r r n s i e r  simu- 

l a t i n g  nuc lea r  steam genera to r  c o n d i t i o n s .  

The h y d r a u l i c  c i r c u i t  c o n s i s t s  o f  a  canned motor pump. a  t e s t  loop. ' a  by-pass 

loop, a  decouplab le  p r e s s u r i z i n g  1  imo, a  preheater ,  and a  hea t  exchanger f o r  

hea t  r e j e c t i o n .  The pump i s  capable  o f  c i r c u . l a t i n g  2 r 1~~  i b / h r  o f  r a t e r  

a t  128 p s i a  and 250°F. Th'e loop p i p i n g  i s  made or' s t a i n l e s s  si.ee1 and i s  

r a t e d  a t  1000 p s i g .  p r ima ry  c o n t r o l  o f  t h e  t e s t  f l o w  loop i s  by a  prleurna'ti- 

c a l l y  actuated f l ow  c o n t r o l  va lve .  4 by-pass loop p e r m i t s  i h e  t h r o t t l i n g  down 

of t h e  t e s t  loop f l o w  t o  about 5% o f  t he  naximum f l ow .  

A 21 kW prehea te r  i s  used t o  c o n t r o l  f l u i d  temperature o r  vapor q u a l ' i t y  a t  the 

ent rance t o  t he  t e s t  sec t i on .  The heat  ou tpu t  r a t e s  o f  t h e  p r e c o n a i t i o n i n g  

Sec t ion  and the measuring s e c t i o n  are separa te ly  a d j u s t a o i e  so t h a t  the  e n t e r -  

i n g  c o n d i t i o n  t o  t h e  measuring s e c t i o n  i s  independent o f  t h e  su r f ace  heat  f l u x  

t o  the  sec t ion .  The loop p r e s s u r i z e r  is o f  che gas over  l i a u i a  cype. N i t r o -  
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gen gas can oe admitted t o  the pressur ized vessel v i a  a f i n e  c o n t r o l  va ive t o  

boost the pressure. 

H.5 GENERAL PURPOSE SOOIUM LOOP-1 (GPL-1) 

The GPL-1 loop i s  shown i n  F igure  H-13. I t  i s  loca ted  adjacent t o  the  Large 

da te r  Loop described i n  H.2. The pr imary p i p i n g  system i s  2- inch Scha 40, 

designed t o  operate t o  a maximum sodium temperature o f  1200°F a t  a maximum 

design pressure o f  330 ps ig.  Outing i t s  opera t iona l  h i s t o r y ,  t h i s  f a c i l i t y  

has been employed i n  the f o l l o w i n g  tes ts :  

a )  Fuel-Pin Heat Trans fer  t e s t s  

b) D r i ve r  Fuel Assembly Wear and F r i c t i o n  Tests 

c )  ~ubassembly f ret t l 'ng and Wear Test 

d) Fuel Assembly Nozzle Le.akage Tests . 

e )  Westinghouse Oxygen and Hydrogal On-L4i tie Mstrririg T e s t s  

f ) Westinghouse U l t rason ic  Flowmeter Tests 

g )  Radial  Blanket Heat Trans fer  Tests 

In conjunct ion wi th  the Westingnouse High-Temperature Steam Water Loop.. the  

GPL-1 f a c i l i t y  has been employed i n  t h e  f o l l o w i n g  tes ts :  

a) Aluminum-Bonded Steam Generator Evaluat ion 

b)  TST-1 Steam Generator Tube-to-Tube Sheets Weld Test  Evaluat ion 

c )  TST-2 Steam Generator Tube-to-Tube Sheets Weld Test Evaluat ion 

d)  HTM-1, Megawatt Steam Generator Eval'uation 

e) SSGM. Ouplex-Tube, Steam Generator Eva lua t ion  

In .execut ion o f  the  TST-1 and TST-2 t e s t  programs, the  GPL-1 f a c i l i t y  sub jec t - .  

ed the t e s t  a r t i c l e s  t o  a t o t a l  o f  1000 thermal shocks o f  300'F i n  10 seconds. 

I n  execut ion o f  t he  HTM-1 steam generator eva lua t ion  t e s t s  over  5000 hours o f  

high, temperature operat ion was c a r r i e d  out  i n  ( 1 )  heat t r a n s f e r  eva lua t ion ,  

( 2 )  f l u i d  f l ow  dynamics, and ( 3 )  o f f -chemis t ry  n a t e r i a 1 s e v a l u a t i o n .  The t e s t  
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silo has been used in the steam generator tests and is available for future 

steam generator evaluation. 
. . 

Heat transfer tests on core and blanket fuel assemblies can be performed using 

an electrically heated bundle assmbly installed in General Purpose Loop No. 1 .  

The facility is currently being used on a program to characterize heat trans- 

fer performance of a prototype, full sized 61-rod radial blanket assembly. 

H.6 HYORAUCIC TEST FACILITIES AT THE WALTZ MILL SITE 

The Hydraulic Test Faci 1 ity consisis of two large water loops aesigoed t o  act 

either independently of e'ach other. or in conjunction i t '  specific programs 

require sucn operation. These t ~ o  loops are the Thermal blixing Hydraul ic Loop 

(THHL) and the Multi-Purpose Hydraulic Loop (MPHL). The Former is a six-inch 

piping system with flow capability to 2000 G'?M dt tzmperatures to 180°F; the 

latter is a twelve-irrch piping system with flow capability to. 6000 G?M at tem- 

peratures to 180°F. Complete instrumentation, controls. and Oata Acquisition 

Systems are available. A schematic diagram o f  NPHL is shown in Figure H-14. 

The two loops also empl'oy the "parallel test section" concept, and 'have been 

used on a wide variety of CRERP, LHFBR, and PSJR tasks over tne past twelve 

years. Most recently, their application has included tasks in support of Ra- 

dial Blanket Flow Orificing, Steam Generator Flow Modeling. vibration analysis 

of PWR heat exchangers, and flow distribution analysis of reactor internals of 

a PWR reactor. Most importantly, however, has been the program effort on the 

study of ihemal Striping phenomena in the upper internals region of the LRBRP 

grimary vessel. These two faci 1 i ti2s have proven to be excegtional ly useiu l 

in ?valuating thermal striping benavior; and :hey together represent Jn opera- 

tional facility ready to extend the experimental scope and knowledge of chis 

critical phenomena. 

Through either concurrent or independent operation, the txo f aci  1 i ties provide 

a "cost-sharing" opticn to min'imize the cperating costs of multiple progrzms 
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Figure H-I 4.  Mu1 ti -Purpose Hydraul i c  Loop (MPHL) a t  the !iestinghouse Ual t z  
S i t e  (Madison, P A )  
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being carried-out concur-reqt ly  i n  the Hyaraul ic Faci 1 i ty. The ease of startup 

and shutdown permits one or two-shift operation on most programs. The aperat- . 

ing and design parameters of tne two loops are as follows: 

Max itnum Oes ign Temperature 

Maximum Oesign Pressure 

Design Basis 

System Fluid 

Maximum Flow Rate 

Bump Head 

Heat Oump Capability 

, System Capacity 

Filtration 

Piping (Type j04 SS) 
9 Main System 

9 Auxiliary 

F 1 OW Measurement 

blain Stream 

Auxiliary 

TMH L - 
180°F 

200 psi 

Power Piping Code 

ANSR'31.1.0 

Water 

2000 gpm 

100 psig 
200 kW 

3400 gal 

Full Flow Filter 

6 inch 

3 inch 

6 inch Orifice 

3 inch Orifice 

MP Hl l  - 
180°F 

200 psi 

Power Piping Code 

ANS8 31.1.0 

Water 

6000 gpm' 

100 psig 

200 kM 

1500 gal 

Full FIOW Filter 

12 inch 

1.4 and 6 inch 

12 inch Orifice 

1 ana 4 inch Flowmeters 

6 inch Orifice " 

This facility is availaole for fusion-related programs in the areas of ( 1 )  

pressure drop, (2) flow-induced vibration, and (3) flow JistribuLion in reac- 

tor components and assemblies. 

H.7 LIGHT ION-8EAM SURFACE EFFECTS FACILITY 

A light ion beam test stand is in the final checkout stage at the Mestinghouse 

Research and Oevelopment Center, in the same 1 aboratory housing . the E-beam 

surface heating test faci 1 ity. . Light ion beam energies i r i  the range o f  
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1 to 150 keV will be available at a maximum power (at 150 keV) of 1.5 kW. 
Energy 'fluxes of %5 ky/cm2 vi 1 1  be artalnable for b e  areas of Q.3 

cm2). Tnis facility will be initially devoted to Westinghouse supported 

surface physics studies. but wi 1 1  be awai lable for DOE supported activities 
and in particular, can be used to initiate limited combined effects testing in . 

the context of Phase I of the FW/B/S program. The apparatus has been designed 

for eventual interfacing with the E-beam facility test chamoer (througn an 
available port) to permit simultaneous ion oeam and electron beam bombardment. 

A photograph of the partially completed facllity is shown in Figure H IS. The 
facility contains the following components: 

A Siemens .duoplasmatron ion source' capable of 'i ight ' ion currents 
ranging to 10 mA (pulse and CW operation); 

An extracti.on-focus-acceleration system capable of operation over 
a range extending to 150 kV; 

A bending magnet for mass-energy selection and beam switching; 
.. . 

' r  A differentially pumped (Zr-Al) scattering chamber and associated 
detection instrumentation (i.e.,. backscatter detector, residual 

gas analyzer. etc.) ; 

A direct imaging ion probe mass spectrometer for off-1 ine target 
analysis (described in Section H. 9) . 

i A DEC LSI 11/23 microprocessor based data acquisition and control 

system interfaced via C A M C  to the instrumentation and ion 
accelerator. This system is shared with the electron beam test 
facility and i s  designed to operate in a manner similar to the 
system now operational on the Princeton PLT neutrai beam test 

stand. 
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Figure H-16 shows the Ouoplasmatron and Einzel lens assemoly aur ing the 

assemo l y  process. 

8 THE COFFEE C02 LASER SYSTEM 

Westinghouse has ,ava i lab le  . a t  i t s  Research and Oevelopment Center a number of 

sxperimenta] laser systems wnicn could be used f o r  special ized surface neating 

studies. A h igh power COq laser  system i s  avai laDle ana i s  based on &be use 

of a Continuously Operating Fast Flow E l e c t r i c a l  l y  . Exci ted . (COFFEE) laser con- 
cept. The COFFEE laser  uses a h igh  pressusre (0: 1 t o  1 Atm) d i r e c t  cur rent  
salf-sustained glow discharge exc i ta t ion  scheme which i s  we.11-suited f o r  a 

C O ~ ~ I ~ U O U S  wave C02 laser. A schematic diagram o f  the COFFEE C02 laser  i s  
shown i n  Figure H-17. A photograph o f  the laser assembly. i s  shown i n  f i g -  

u re  H-18. 

The laser  runs'cont inuously bu t  i t  also can be aperated i n  a pulsed mode. The 

beam source i s  one centimeter i n  diameter. I t  can be focused on .a target  as 
2 small as 1 mm i n  diameter, de l i ve r ing  a surface heat load o f  b40 MW/m , o r  

it can be defocused. A t  1 cm i n  diameter, the peak surface heat load a t t a i n -  
2 aole i s  38 MW/m . The system can be upgraded t o  a beam .power c a p a b i l i t y  of 

As a leading developer and manufacturer of components and s t ruc tures f o r  nu- 

clear;' underseas, aerospace .and' defense app l icat ions,  West inghouse has aeve l - 
oped a uniaue concentration o f  c a p a b i l i t i e s  a t  i t s  Research and Oevelopment 

Center t o  analyze and character ize the . response o f  s t r uc tu ra l  mater ia ls t o  a 

wide var ie ty  o f  condi t ions associated w i t h  these advanced engineering appl ica- 

t ions. The expert ise and f a c i l i t i e s  i n  t h i s  area are an important p a r t  o f  the 

t o t a l  capab i l i t y  t h a t  Westinghouse o f fe rs  t o  support ANL i n  the periormance o f  

the FW/B/S Engineering Test Program. 
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Ftgure H-17. A Schematic Diagram o f  the COFFEE CO, Laser systek a t  the Nesting- 
house Research and Development CenteP. 
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Figure H-18. Compact C~FFEE Laser Facility for 25 kU Scaling Tests 
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STRUCTURAL ANALYSIS 

Westinghouse personnel have pioneered in the application of finite element 

techniques for structural, thermallhydraulic and magnetic anaiysis. This in- 
cludes the antecedent work for the development o f  ANSYS during the NERVA (nu- 

clear rocket) program and the subsequent development of WECAN. a Westinghouse 
Proprietary system of codes. The applications of WECAN include the follow- 
ing: 

0 5tatlc Analys~s - Stresses and defomatlons in structures du e  

to chermal and mechanical steady-state loading conditions 

The material behav~or can be nonlinear (thermoplasticity, 

creep, frictlon and contact). 

r Oynamic Analysis - Oynamic response of structures due to 

steady-state and transient loadings; natural frequency and 
mode shape determinations of structures; and seismic time his- 

tory ana lyses and response spectrum calculations of structural 
systems such as piping systems, electrical equipment, etc. 

The modal superposition method of time history analysis is 
also available. 

0 Heat Conduction - The steady-state or transient temperatures 
in st.ructures can be determined, so that they can be used to 

compute thermal stresses. 

The WECAN element library consists o f  sixty-five elements that can be used to 

model beams. she1 1 structures, two- and three-dimens ional sol ids. springs. 

dashpots, etc. Special crack-tip elements have also' been developea. in addi- 

tion to \€CAN, various comercially available programs. such as NASTRAN and 

ANSYS, are also available. 



FATIGUE AN0 FRACTURE MECHANICS 

The Westinghouse R&O Center has done significant research and engineering 

warK in fracture mechanics and fatigue for many years. The early developments 

and appl ications f Q S U S ~ ~  on 1 inear-elastic or plane-strain fracture mechanics 

(LEFM). The original use of the LEFM technology was 1 imitsd to fracture under 

essentially' linear-elastic loading conditions and relatively high-strength 

brittle materials such as aircraft structures, missi le cases. gun tubes, etc. 

Subsequently the technology was extended to encompass iatSgue crack and 

stress-corrosion crack propagation - sti 1 1  under essentially 1 inear-elastic 

loading ccrndftians. It was also extended to include l ower-strength, higher- 

toughness ~ndter-iels used 1n heavy section applications s ~ c h  as thick walled 

pressure vessels, turbine and generator shafts, large castings and assorted 

heavy equipment. 

Because of the recognized limitations in the applicability of LEFM. consider- 

able effort has been devoted during the past ten years to extend the technol- 

ogy to encompass situations involving considerably more plasticity than per- 

missible under LEFM conditions. With the breakthrough in the form of the 

J-integral concepts (which are field parmeters analogous to the LEFM stress 

intensity parameters). the state-of -the-art has advanced rap idly during the 

. past five years. This has extended the general usefulness of the technology 

60 a much brooder spcctrum of application and materials; for example. lower- 

strength, higher toughness materials, thinner sections, higher temperature 

regimes, higher localized stress regions (local plasticity). low &cie fatigue 

and creep controlled crack growth. Even more recentiy the technology has 

taken a further large step forward with the advent of J-resistance curves. 

tearing modulus concepts and tearing instabi 1 ity model s. These recent devel- 

opments offer the capab'i 1 i ty of being able to predict the permi ss io le amounts 

of stable crack growth that can occur in the ductile temperature regime and 

the eventual instabi 1 ity conditions for the catastrophic failure of the struc- 

ture by ductile tearing under fully plastic loading conditions. Even more 

importantly these recent advances in technology offer the promi&? of be ing  
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able to design structures and select materials to avoid the possioility of 

ever being capable of failing due to ductile tearing instasility. Tnus, the 

potential failure mode could be limited to plastic collapse or limit load 

fai lyre criteria. 

Fatigue and plastic deformation at stress raisers has been Studied in some 
detai 1, both experimentally and analytically, including work on finite element 
modeling. Specific experimental and-analytical studies have been made of the 
problem of a small crack growing from a stress raiser under fatigue loading. 
Plasticity effects on crack growth in fatigue have been studied from the view- 

point of fracture mechanics, with the J-integral being first used at Westing- 
house R&O for such study. 

Concerning time dependent effects, crack groktn due to creep strain has been 
studied from the fracture mechanics. viewpoint.. A modified. time-based J-  
integral approach to this problem was origi'nated at Westinghouse. In-house 
work is underway in this area which is relatea to nuclear and steam turbine 
applications, with this work including study of combined fatigue and creep 

loading. Analytical studies using finite elements have been made of cracked 

booies under plastic and creep loading, and such work witn in-house funding i s  

underway at the present time. 

Westinghouse R&O Center has extensive experience in low cycle fatigue and 
fracture mechanics testing of all types. Personnel i n  the Structural Behavior 

of Materials Department have contributed extensively to the development of 
various ASTM test standards, through ASM task grovp membersnip and round ro- 

, 
bin testing, including A S m  €606, Re c m e n d e d  Practice for Constant-Amp i i tude 

Low-Cycle Fatigue Testing. and ASTM €647. Tentative Test Metnod for Constant- 
Load-Amp 1 i tude Fatigue Crack Growth Rates Above m/cycle 
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EXPERIMENTAL STRUCTURAL MECHANICS 

The present faci 1 i t,ies for mechanical testing of materials and components in 

the Str~lctural Behavior of Materials Department at Westinghouse R&O Center 

include ten el~ctrohydraul ic test systems which draw their nydrau l ic power 

from two 70 gpm pumps. The tsst systems include three 15 k i p  load frames (in- 
house construction j uti 1 izing MTS contro 12. One of thebe ul~i t s  i 3 presently 

being used for testing up to 3500 psig H2 + H2S at 850aF. Aadirional 

electrohyaraulic systems are a 25 kip MTS system, a hign rats 20 kip PITS Sys- 

tem, two high frequency (200 Hz) test systems - 10 ki p  and 20 kip. a 100 kip 

MTS system a v i  a 500 kip MTS test system. Debendent only on specimen size and 

geometry, temperatldre testing capabi 1 ibies range from -452'F t o  +120OUF. En- 

vironmental testing capabilities include all aspects o f  fracture tougnness 

testing in aggressive environments such as steam, Hz, and H2S and solu- 

tions such as boric acid and sea-water. 

A Westinghouse 2500 computer is presently being used for data acquisition and 

reduction. An MTS PDP 11/34 computer system with 64 K of storage is used for 

single test machine control, and also' for multiple test data acquisition an'd 

reduction. with expansion to multiple test control underway. Several micro- 

processors are also in use for test control. 

~uppor'ting' equipment in the lab facilities at t h i s  time include two 20.000 lb' 

tensile machines (in-house construction), a 50.000 le. Baldwin universal mecn- 

anical test machine. a 240 ft-lb Charpy impact machine, and creep testing ma- 

chines. Also available are a wide range of appropriate test chambers,' instru- 

mentation, controllers. and calioration devices and also equipment for uitra- 

sonic and electric potential monitoring of crack growth. Additional test 

equipment and apparatus are available from other groups in the Westinghouse 

R&0 Center. 
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MICROSTRUCTURAL EVALUATION 

An important aspect of the proposed experimental approach for the tnefI'n0- 

mechanical testing of FW/B/S components is the pretest and post-test citarac- 
terization of the condit'ion of test articles. This cnaracterization can be 

accomplished as well during test sequences. The facilities available at the 

West inghouse Research and Development Center provide access, as reuui red. t'o 
the most up to date techniques for the destructive and non-destructive evalua- 
tion of materials at the macroscopic and microscopic levels. Recent facility 

improvements have provided for improvements in resolution. accuracy .and turn- 
around time through the use of computer controlled equipment. 

Faci 1 i ties. equipment and techniques available include: 

e CAMECA SMI-300 Direct Imauinq Mass Analyzer (OIMA) has been in 
operation since 1973. Experience with both spark source and ion 
probe mass spectrometry provides a unique capability, in that the 

combination of these two techniques is indispensaole for the com- 
plete characterization of materials. The CAMECA SMI-300 instru- 
ment is equipped with an AS-200 multichannel analyzer with 200 
channels for storage. It is primarily used, to 'obtain concintra- 

tion profiles as a function of depth, and can monitor two ele- 

ments or isotopes at a time. 

Electron Beam Microanalyzer (MAC-400)  - Comprised of three wave- 
length-dispersive X-ray spectrometers for qua1 i tative and quant i -  

tative analysis with backscatter and adsorbed electron measuring 
facilities for point analyses and line profile recording at re- 

solutions better than 0.5 micron. 

0 Scannina Electron Microscope. Cambrldae Stereoscan Mk.  [ Ia with 
energy dispersive X-ray spectroscopy attachment. 
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Auger Electron Spectroscopy (AES)  analyzes the  first 3 to 5 atom- 

ic 1ayers.of an exposed surface for all elements except H and 

He. The sensiti,vity for heavier elements is comparable to that 

o f  ti le electron rnicr~probe, ' ou t  AES is mare sensitive to the 

1 lghter e l m e ~ ~ t s .  Typieal detection 1 imits are of the ~ r d e r  of , 

O , l  atomic percent (1000 ppm) fairly constant across the perioaic 

table. The technique is most valuaole in combination with layer 

removal methods (sputtering) . where the extreme depth r'esoiutlsn 

of AES (10 A) is 1 imited only by sputtering dmage corisidel-a- 

tions and sputtering rates. Auger Electron Spectroscopy, ESCA 

(XPS X-ray ~hotoelectron Spectroscopy) SAM (Scanning Auger M i -  

croscopy) and MACS (Multiple- fechniqtie-Analyt ical' Computer Sys- 

tem) are all integrated into a PHI-548 Surface Analysis Unit. 

Scanning ~ransni ssion Electron Microscope. JSEM-200C - Capable of 

imaging precipitates and defects with 1-2 A resolution: can do 

chemical analysis of localized regions with a 200 A resolution; 

can determine distribution of deformation by electron channeling 

with a resolution of 200 A .  

0 , The Rutherford 8ackscattering System (RBS) i s  capable of profil- 
ing impurities and defect concentrations nondestructively in 

semiconductors. 

Crystallography and Electron Oiff raction 
0 Hardness Measurements 

Ion Milling 

0 Light Microscopy and Photomicrography 

0 Particle Size Analysis 

0 Phase Contrast Microscopy 

0 Residual Stress Analysis 

Ultraviolet Photoelectron Spectroscopy 

e X-ray aiffraction 

e X.-ray Photoelectron Spectroscopy 



The services of a Nondestructive Test Oevelopment Section are avai labie to aid 

in monitoring growth of small cracks in this program. They have capdbi l ities 

and equipment in the areas of .ultrasonics, eady currents. radiograpny, magnet- 

ic techniques and acoustic emission. 

H. 10 VACUUM ARC RESEARCH 

As the size of tokamak devices increases, there is increasing concern over 

possible surface damage due to arcing which has been observed to occur across 
the boundary layer or sheath at a plasma-metal 1 ic wall interface. Professor 

Miley has estimated that this interaction could lead to erosion rates several 

orders of magnitude larger than for normal ion sputtering. 

Westinghouse offers to conduct a theoretical and experimental program related 

to unipolar arc phenomena and the evaluation of engineering solutions to the 

problem under the auspices of the ANL FW/B/S Program. The program would be 
conducted by scientists and engineers in the Power Interruption and. Lamp Tech. 
no logy Department at the Westi nghouse Research and 0eve lopment Center. 

Unipolar arcs have been generated and studied in a prior experimental study at 
Westinghouse. This work could be extended to include the fol lowing" areas of 
investigation: 

e Measurement of ion fluxes, particle fluxes and erosion associ- 
ate0 with cathode spots on typical first 'wall component sup- 
faces. 

e Study of the cathode spot erosion rate under the influence of 

applied magnetic fields (typically para1 lel to the surf ace). 

e An evaluation of arc mitigation techniques. This will involve 
experimental evaluation of materials. surf ace f inisnes ana 

coatings . 
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Recent Nestinghouse research programs have concentrated on developing experi 

nental facilities for research into high voltage and high current circuit in- 

terruption; these facilities are well suited for vacuum arc phenomena re- 

.search. An important hardware activity just completed is the development and 

test of the 0hmlc Heating Interrupter for TFTR. This  unit i s  rated f o r  open- 

ing a 25 kA current and then, withstanding a voltage of 25 kV which rises to 

that value in about 500 micraseconds, Development and test faci l ities include 
( 1 )  a high power capacitor bank which incorporates a high voltage synthet~c 

circuit to simulate hign voltage and high current transmission and distriou- 

tion systems; (2) PAO demountable vacuum systems for the study of vacuum arc 

phenomena; and (3) the' apparatus and diagnostic methods to investigate vacuum 

breakdown at very high voltages. The sgeci al techniques and diagnostic capa- 

bilities developed with these facilities are avallaole for use in the proposed 
program, enabl ing the work to be. pel-formed without major. additional cest 

equipment and with a corresponding savings in time and money, 

The basic test facility power supply consists o f  a capacitor bank capable of 
6 staring a maximum energy of 2 x 10 joules, several air core inductors, and 

appropriate instrumentation. The bank produces an oscillatory current when 

discharged through the air core reactors and the test device. The primary 

purpose of the test facility is to provide high power for short periods of 

time. The capacitor bank consists of 864 capacitors (50 yf), each capable 

of being charged to 10 kV.  The bank is assembled such that the individual 

capacitors forin four units, each unit having a maximum capacitance, of 

10,800 vf-. A s  a conseauevce, the bank can store the maximum availaole ener- 

gy in three distinct modes for operation at: 10. 20. and 40 k V .  A 30 k V  

operating mode is also available by connecting three' of the 10,800 uf units 
6 in series. In this moae the total available energy is 1.5 x 10 joules. 

Figure H 1'9 depicts the basic circuit of the test facility. The capacitor 

bank. is charged to a preselected voltage ( 0  to 40 k V )  by a constant current 

power supply which automaticdl ly disconnects from the banK at the aesirea vol- 

tage. A control-timer is then manually activated and all suosequent circuit 
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operations are automatically programmed. This circuit will be employed pri- 

marily for arcing studies on test items which are located in either one of two 
demountable vacuum chambers. 

HIGH CURRENT ARC CHAMBER 

A aemounta~le vacuum chamber i s avai 1 able for performing arcing behavior stu- 

aies on electrode configurations.. J h ~ s  facility, wtiieh Is shown schemati.cally 

in Figure H-20, is being used with the 2 MJ capacitor bank for high 'current 
testing and evaluation of electrode designs.' The enti re demountable chamber 

' is fabricated from non-magnetic stainless steel in order to facilitate the use 
. . ,  . 

. ' of magnetic fields. The main test chamber is designed so that rubber seals 
. ,  , ., ; may be used for quick turn-around experiments requiring only modest vacuum. 

The test chamber can be used with metal seals. however, if bakeout is required 
for high vacuum work. Large side ports pemtlt dlrect observation of arc be- 

:+ , 
. havior as well as the insertion o f  arc shields. auxiliary electrodes. and mag- 

? netic field coils. The primary test chamber is 25 cm in diameter and 22.5 cm 
:' 1 

high. The pumping arm and observation ports are IS cm in diameter. A ceramic 

isolation insulator permits the chamber to be operated ungrounded during test- 

ing. The anode and cathode electrodes are insulated from the chamber using 
8 in ceramic insulator sections from a comnercial Westinghouse vacuum inter- 
rupter. 

The demountable arc chamber is presently being used to pnotograph high current 
50 kA vacuum arcs using high speed movie and streak photography. Oiagnostics 

include measurements of arc ,current and voltage, recovery behavior, and mag- 
netic fields. 

LOW CURRENT OEMOUNTA8LE SYSTEM 

Arcing studies at relatively low currents to 5 kA will be-conducted i n  the 
demountable chamber shown in Figure H-21. In this chamber the arc plasma i s  

bounded by a 27-cm-diameter metal wall which is isolated from both electrodes. 
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via high-voltage insulators. The chamber is equipped with a 5 cm diameter 
ooservation window; a bellows permits.a maximum electrode separation of 3 . 5  cm. 

After bakeout at 300°C, the chamoer pressure i s  maintained at aoout 5 x i ~ - ~  

Torr. In previous studies, this chamber has been used to detect the factors 

which, affect anode spot fonnation in vacuum; here the anode diameter was var- 

ied. Cathode spot properties have also been investigated by measuring the 

current of metal vapor ions impinging on the chamber wails.from the vaporizing 

cathode,. 

HIGH VOLTAGE BREAKDOWN. FAClLlTIES 

Two experimenta.1 chambers; one, for voltagis up to 100 k V  and tne other for 

voltages .up to 250 kV. have been designed at Westinghouse and are presently in 

operation. Both chambers are bakeable to 450°C and each is couplea to an 

ultrahigh vacuum system capable of evacuating to a residual pressure 

Torr. Both chambers are equipped with a bellows device for varying the elec- 

trode separati~n, and with electrode heaters for both outgassing the elec- 

trodes and controlling their initial temperature auring experiments. In addi- 

tion, the chambers are equipped with four mutually perpendicular viewing ports 

with sapphire windows to allow processes occurring between the electrodes to 

be spectroscopically measured. Alternatively, the ports may be used to couple 

other equipment to the experimental chamber such as, for. example. electromag- 

netic pole pieces to allow measurements in the presence.of magnetic fields. 

Two regulated DC supplies are available: (a) 90 kV,  1 mA, 1% regulation; and 

(b) 250 kV, 10 mA, 0.01% regulation. Two step-function impulse generators 

are available: (a) A vacuum tube generator of maximum amplitude 20 k ' 1 .  0.2 

~s rise time, pulse duration up to 1 ms: and (b) a coaxial cable generator 

.of 100 k V  maximum amp1 itude. S ns rise time. pulse duration up to 1 ps. 

Diagnostic capabi 1 i ties include faci 1 i t  ies for pre-breakdown current measure- 

ment's dawn to A and standard dual-beam oscil loscopic studies. 
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H.ll LIQUID METAL TECHNOLOGY AND FACILITIES 

The near-term thrust bf the fusion program is toward water and/or helium as 

the reference coolants for first wall blanket and shield components and solid. 
lithium bearing materials for critium breeding media. Liquid l1thiu111 still 
remains, however, a candidate cooling and breeding meaium for ultimate power 
reactor applications and it would be prudent to consider the possioi 1 ity that 
cngjneering testing of components cooled by liquid lithium will be of long 

range interest under Test Program Elements I, I1 and 111. A discussion of 
Westinghouse capabilities in this area is included to indicate our interest in 

. . .  . 
...,, ..". " supporting the program in this area. 

; ,  " 

,..( , I As a leading participant in fne LMFUR program, ~ e s t i n ~ h o u ~ e  has one o f  the 

largest arrays of in-house 1 iquid metal research facilities in the nation. . 
,, , 0"ring the past four years Westinghouse has been active, in applying this 

, .  wealth of experience to the problems associated with the use of liquid lithium 
I .  in both the magnetic and inertial confinement fusion programs. A number of 

,. - ,  specialized faci l ities have been set up at Westinghouse 'expense to promote 
research in this area. These facilities are immediately available to serve 

the needs of the FW/B/S engineering test program. 

A concise list of existing liquid metal facilities' at Westinghause has' been 
included in ~ a o l e  H-1. Table t i -2 sumnarizes some of the key Westinghouse 

activities and accomplishments in the liquid lithium technology area. An im- 
portant and growing effort i s  experimental support for .the FMIT program con- 
ducted by the Uest inghouse . Hanf ord Company (Hanf ord €ngineer,ng Development 
Laboratory). 

Experimental work in lithium is centered at two locations: the Lithium Facil- 

ity for fusion-related Expeviments (LIFE) located at the Advanced Reactors 
Oiv'ision in Madison, Pennsylvania, and the liquid metals laboratory at the 

Westinghouse Research and 0evelopment.C~nter. 



TABLE H-2 
' EXPERIMENTAL LITHIUM EXPERIENCE AT 'IJEST INGHOUSE 

0 LITHIUM VAPOR TRANSPORT PREDICTED AND MEASUREn FOR 
SCALED FMIT ACCELERATOR DRIFT TUBE 

0 LITHIUM IONIZATION DETECTOR DEVELOPED AS A SAFETY 
ANNUNCIATOR FOR FM I T 

0 LIiH IUM CONCRETE . REACTIONS STUD I BY REACT ION 
CALORIMETRY 

0 LITHIUM VAPOR/AEROSOL - LASER INTERACTIONS 

o .LITHIUM COMPATIBILITY WITH POLISHED SIC LASER MIRRORS : , 

0 MODIFIED WESTINGHOUSE COMMERCIAL ON-LINE OXYGEN AN0 
HYDROGEN METERS SHOWN FEASIBLE FOR LI TH I UM APPLICATION 

ON-LINE NITROGEN METER CONCEPTUALIZED AND SCHEDULED FOR 
TEST 

0 LITHIUM FALL EVALUATED FOR TOKAMAK POLOIDAL O.IVERTOR 
PART I CLE TRAP 

EXPERIMENTAL MEASUREMENT OF RAOIANT ENERGY DEPOSITION 
IN 
FLOWING LITHIUM 
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R&O CENTER LIQUID LITHIUM FACILITIES (LL?) 

The 1 iguid 1 ithium facilities at the Westinghouse Research and Development 
Center contain. among other equipment, & stain less steel. a1 1 ~elded, eloctr-u 
magnetically pumped recircut ation loop connected to an adjacent g lovebox. The 
loop, shown in Figure H-22. contains approximately 45 1 iters of 1 ithium and is 
designed to operate at temperatures up to 500°C. impurities are controlled 
via a flow-through filter. cold trap and titanium getter trap and Can be muni- 
tored by continuous on-1 ine meters and by intermittent chemical analysis. The 
development and testing of these impurity monitoring and control techniques 
are a mafor feature of planned experimental programs. 

The 1 ithium loop has been designed to. provide a versati le fact 1 ity capabla of 
performing many different types of studies in support of fusion reactor blan- 
ket development. Part or all o f  the main flow can be diverted t o  pass through 
the glovebox and then back into the loop. In this way, unusual test require- 
ments can easily be accomnodated without undue modification of the loop pipe- 
work. One e x q l e  o f  this is the current test program being performed in sup- 
port of the FMfT project. In this experiment. lithium flow passes through a 
rotating disk apparatus capable of simulating the very high 1 iquid .velocities 
expected in the FMIT and thereby 'enabling measurement of the previously un- 
known erosive properties of lithium. Other tests, e.g., the study of lithium 
jets or fa1 1s. on-line processing, or interaction with magnetic field lines. 
could easily replace this erosion test assmbly. 

Another test stand in the liquid lithium facility includes an operating 2 x 
loo6 Tor? vacuum glove box (1.2 rn dia x 2 m long) with numerous ports md 
flanges.  he box is water cooled through a double jacketed ~hhber'. A forced 
flow lithium loop will be installed through the vacuum glove box early in 1981. 



Figure 11-22. C~taway View o f  the Liquid Lithium Loop Presently Operating 
a t  the Westinghous~ Research and Development Center 
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In. anticipation of a growing interest in first-wall feasioility studies for 

inertial confinement fusion feaster design, a 'test program was .initiated at 

WARD (Waltz Mill Site) in 15178 to build and operate a lithium test facility. - 
This i ni ti a1 investment resu 1 ted in government funding to periorm aeroso l 

tests in col laboration with the Westinghouse Research and Oev'elopment Center, 
in addition to the basic corros,ion studies. The aerosol work was successfully 

completed in 1979. The corrosion program. which is equally applicable to mag- 

netic confinement concepts, was concluded, in June 1980 with additional infor- 

mation obtained from a destructive examination of the test loop (ELF) contain- 
ment piping, the hot trap and the cold trap. 

As a result of information gathered from the lithium community over the 'past 

several months, plans for a redesigned facility have been finalized. Ouring 

this period, It. became apparent that the present test loop. ELF. was not amen- 
able to the modifications required and that. in fact, i t  was more valuaole as 

ir source of material for future study and evaluation j T 3 0 4 S S  with up to 

2000h exposure to flowing lithium at temperatures in the range '200°C-500°C 

(392'F - 1O2ZGF]. 
The following action to date has, therefore, been taken under a,program funded 

entirely by the Corporation: 

e The ELF loop has been dismantled and placed in storage. Two 

small pumps and the main loop heat exchanger wi 1 1 ,  however. be 

reused; 

e A new facility has been designed: the Lithium Facility for 

Fusion-related Experiments to be known by the acronym "LIFE". 

The LIFE loop is now. about 704; complete and. after shakeuown tests, will be 
, ready to comence corrosion studies by June 1981. This new work wi 1 1  oe a i -  

rected particularly towards the following: 



a Continued corrosion evaluation at 550°C. Exposure of samples 

i n  a low temperature test leg (<300°C) will be initiated 

later. also; 

a Weldments, valve facing materials, etc 

+ ~ ~ ~ s t e n i t l c s  vs Ferritics; 
a Meter stud ies  for hydrogen and nitrogen; 

a Liquid metal analysis techniques: 

b Hot'trap, cold trap. magnetic trap studies;  

a Velocity effects 011 corrosion r a t e ;  
i Stress ef fecLs on c o r r o s i o n  ra te .  

The mdin loop is constructed of 1 .OO inch ~ 3 0 9  tubing and contains an E-M pump 

(NSAR Style V I :  2 gpm capacity), a flow meter, a tube-and-she1 1 excnanger, a 

test vessel to which the isothermal and the deposition (decreasing tempera- ' 

ture) test legs are attached. a.magnetic t r G  and a finned cooler. The test 

vessel will also act as the expansion tank and will be .used for regular lith- 

ium sampling for chemical analysis. 

Side loops contain separately pumped hot trap and metering circuits as well as 

a bypass flow cold leg containing a cold trap. It is planned to use this cold 

leg later in the program for low temperature corrosion studies. 

The objectives of the follow-on progran are threefold: 

to extcnd the corrosion d a t a  base beyond 2OOOh at 1000-F/550 C 
for a variety of candidate first-wall and magnetic fusion con- 

tainment materi a1 s; 

a to gain additional operating experience with a lithium test 

facility; 

to develop methods of control 1 ing, metering, and measuring the 

' level of hydrogen and nitrogen, in particular, in liquid lith- 

i um. 
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H.1'2 THE HIGH ENERGY ION BOMBARDMENT SIIYUWTIOfl' FACILITY 

The High Energy Ion 8ombardment Simulation Facility (HEIBS) is a unique exam- 
ple of university-industry cooperation in appl ied research. The faci 1 i ty is 
located at the Sara Me1 lon Scaife Nuclear Physics Laboratory of the university 
of Pittsburgh and is operated jointly by the University .of Pittsburgh and 
Westinghouse. . . 

Work was initiated on the facility in 1979 with private funding. Subsequent 
ope.ration has been supported internal 1y ( facul ty-student research and Westing- 

house research) and a variety of government grants (OOE, NSF). The primary 

thrust of research at the facility is the simulation of materials damage due 
to high energy neutron irradiation .through .ion implantation. 

The basic technique employed is coimplantation; heavy ions provide atomic dis- 
p 1 acement effects and imp 1 anted he 1 i urn s imu 1 ates accumu 1 at i on of he through 
(n,a) reactions. A key aspect of the research is the study of swelling and 
irradiation induced microstructural changes in nickel based alloys for .fusion 

applications as part o f  the OF€-AOIP program. 

The overall laboratory set-up for co-implantation experiments i s  schematically 

depicted in Figure H-23 which shows the four floors of the laboratory. On the 

first floor heavy negative ions are generated i n  a special cesium sputter-ion 
source. Oetails of the "UNIS" source and the optics wnich provide optimum 
matching to the €022 tandem accelerator are given in Figure H-24. For many of 

our experiments a Si beam is used to produce displacement damage in the s q l e  
and we have therefore chosen Si as our example in Figure H-23. The Si-beam 

is mass analyzed by magnet MZ prior to injection into €22 with a kinetic 

energy of 70 to 100 kV. Since we must reach a conrpromise between' depth of 

penetration and heating o f  the target, we have found that a final oeam energy 

o f  '28 MeV is very satisfactory. This gives a mean depth of penetration in 

304 SS of 4.67 pin while the peak of the displacement damage occurs at 4.5 

w from t'he surface. To attain this energy the €22 terminal is set at a 



NPL- MACHINERY 

POPS 0 

Figure H-23. Overall  Elevat ion V i e w  of the HEIBS F a c i l i t y  
Showing Major Beam-Cine Components. Heavy 
ions a r e  generated by a nega t ive  ion source  

. (UNIS) and a c c e l e r a t e d  by the €022 Tandem 
Accelerator .  The l i g h t  dopant ions a r e  gen- 
e r a t ed  i n  a 2 MeV Van de Graaff genera tor  'on 
the t h i r d  f l o o r  of  t h e  bu i ld ing .  
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Figure H-24. Detailed Schematic of the UNIS Ion Source 
and Beam-1 i ne Optics Leading to  the 
Tandem Accel erator E-22. 



positive potential of 3 MV. A t  the terminal the 4 MeV S i -  ions pass t h r o u g h  

special carbon stripping fo i l s .  These 250 A thick f o i l s  are made by our 
g roup  at  the Uestinghouse R&0 Center using AC sputtering of ethylene. Compar- 
ed to  evaporated carbon f o i l s  which are commercially availa,ble. these f o i l s  
have an order of magnitude better life-time under heavy Ion bamoardrrrent. A t  

4 , M V  the major positive charge s t a t e  which i s  accelerated i n  section €22 B of 
the tande* i s  siC6. Consequently. an emerging siC6 ion will have an ener- 
gy of 28 MeV, Transmission through.the accelerator i s  nearly 100%. Since 
many positive charge s ta tes  are  created, a large 90" analyzing magnet (M3) 
in conjunction w i t h  s l i t s  i s  used to ensure that the beam consists exciusively 
of sif6. The analyzed beam now travels t o  t h e  secono f loor  where i t  i s  re- 
focused and passes to the. third f loor target chamber. Beam diagnostics dre 

performed a l l  the way from U N I S  on the f i r s t  f loor  t o  the target  on the ' t h i rd  
floor.  The target i t se l f  i s  located inside two furnaces which are feedback 
controlled t o  ensure that  beam fluctuations do n o t  cause major fluctuations i n  

temperature. The 3 m samples undergo an elaborate mounting procedure t o  en- 
sure that they remain within 1°C of the temperature which i s  actual iy  measured. 
I n  general we can maintain a temperature i n  the range of 550 c to 7500C - 2-C. 

An additional fea ture .of  the a l l  metal target  chamber i s  a high resolution 
residual gas analyzer made by the Extranuclear Corporat.ion. This enables us 
to  monitor the ambient vacuum conditions around the sample. Vacuums of 10" 7 

Torr are achieved during implantati~n by means of two 450 1 i t e r  per second 
turbo pumps located on ei ther  side of the target  assembly. 

The dopant ions are generated in a 2 MV Van de Graaff generator on the t h i r d  

f loor  of the building. Beams are mass separated by a large magnet. Steering, 
rastering and diagnostics are available along w i t h  a "doping" beam line.  
Prior t o  entering the sample chamber the beam can oe "shaped" i n  energy i n  

such a way as to dope the target over a considerable depth. I n  the case of 

He, for  example, we can dope i n  a predetermined way from 0.5 pin to 3 . 5  wn 
below the surface. All experimental parameters during an experiment are re- 
coraed. 
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At times it is desirable to use nuclear techniques for profiling dopants in 

targets. 1.f the energies required are such as to pose a radiation t i d t a r d ,  

such experiments are gone in the snielded second floor area. A PDP-15 compu- 

ter and PACE interface is available for on-1 ine processing of the scattering 

data. 

On tne third floor there are three additional experimental setups wnich are 

,indicated in schematic form in Figure H-25. . The Rutherford oackscattering or 

channeling experiments use a He+ beam from the Van de Graaff with an energy 

ranging from 0.5 MeV to 2.0 MeV. A 4.8meter channeling line gives a fuli 

width angular divergence of 20.03O. Our goniometer has two angular degrees 

or' freedom, both with stated accuracies of 0.01 *, and one' translational degree 

of freedom. , Recently, the whole system has been interfaced with an LSI-ll 

computer. Plots of the ratio of channeled to random yield as a function of 

depth for a particular matrix and He energy are available in minutes after the 

accumulation of adequate points for good statistics. Automatic searching with 

the aid of the computer for an absolute minimum in the angular yield profiles, 

for a given crystal dire=tion. has been achieved. Automating :his procedure 

improves the a;ccuracy and saves a considerable amount of time. 

Static and dynamic mechanical experimental apparatus are avai 1 able; a uniaxial 

tension head or a moving sample head go into the beam line marked "Mechanical 

Relaxation" on F igu& H-25. The "heads" have also been made compatible witn 

the tandem accelerator beam line so that either (2 MV protons, helium ions 

or high energy heavy ions can be used to implant the specimen. 

Finally, the position marked "UMIS-test" of Figure H-25 represents a fully 

instrumented negative-ion source test bench. Such a test bench is extremely 

valuable for determining the parameters required for generating a negative ion 

beam. 
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Figure H-25. HEIBS Experimental Beam-lines for Rutherford 
Backscattering or Channeling Experiments, 
Oual Beam Experiments, S tatic and Oynami c 
Mechanical Tests and Negative Ion Source 
Experiments. 

; :.itnn Pry,,.., . , 5 : ! .~9  Oepilrrrnent Ftlslon Power Systems Oeoartment Gils~on Power Systems Oeparrmvnt Ftlslon Power Svsrems Oeoartment 

H-64 



Power Systems Depar~manc Fus~on Power Systems Oepartment FIISIO~ Power Syslenis Oepartmt.nt Fuslrrli Power C ; y s r ~ , ~ ~ s  mgarrrnt~~ 

H. 13 Computers and ~om~utationa'l Tools 

Our team has at its disposal a complete range of digital and analog 

cemgutabienal faci 1 i t i e s  (and codes as tabulated in Appendix A )  which are 
fully rele- vant to the needs of the First Wall/ 8lanket/Shield Program. The 

facilities available .include two large scale centralized systems: the 

Westinghouse Nu- clear Energy Systems Computer Facility in Monroeville, 
Pennsy 1 vani a, and the National Magnetic Fusion Energy Computer Center (NMFECC) 

at Livermore, Cali- fornia. Both are accessible by remote terminals as well 
as local batch faci 1-  ities serving the activities supporting the project team 
at various sites. These computer facilities support programing activities 

with the most popular languages including FORTRAN COBOL. APL. ALGOL and/or 
8ASIC besides some others less frequently used. Capability for both batch and 

i 

interactive modes of operation, besides extensive software libraries and 
graphics options, are also present 'at these facilities. 

WEST1 NGhOUSE NUCLEAR ENERGY SYSTEMS ( NES ) COMPUTER FACILITY 

The NES Computer facility was establisned at the Monroeville Pennsylvania, 

Nuclear Center to provide a powerful centralized computational capabi 1 i'ty t.o 

serve both the commercial nuclear .power divisions and the advanced power sys- 

tems divisions. These facilities are linked to 19 separate sites via high 
speed remote terminals. The overseas operations in Spain and 8elgium are 

linked via satellite. At NES, a CYBER 173 supervises the woritload of two CDC 
7600's that handle the scientific calculations fir most of the ~brporation. 
An IBM 3033 responds to the business needs and some speci,al scientific appl i -  

cations. An INTERCOM system on the CYBER 173 can be employed in the interac- 
tive mode for file manipulation in the pteparation,of input for batch process- 
ing on the CYBER 173 or on the CDC 7600s. INTERCOM can be used with any re- 

mote teletype-compatible ASCII terminal, including CRT display, printing. and 
graphics terminals. Also at NES, the printed and graphics output may be ob- 

tained in microfiche form as an alternative to hard copy for 'long term stor- 

age. As in &ny large scale computer facility there is an extensive system of 



support 1/0 devices. A competent and responsive s t a f f  complements the  hard- 

ware capabi 1 i t y  and i s  t o  advise when d i f f i c u l t  p r o g r m i n g  problems 

occur. 

NATIONAL MAGNETIC FUSION ENERGY COMPUTER CENTER 

' W e s t i n g h g ~ ~ e  has an aCcOunt w i t h  NMFECC a t  Livermore. Ca l i f o rn ia .  and. conse- 

quently, 'access t o  the code 1 i b r a r y  and extensive computing c a p a b i l i t y  o f  t h e  

COC 7600 and CRAY macnines a t  t h i s  na t i ona l  ly recognized computing network. 

RESEARCH AND DEVELOPMENT LABORATORY COMPUTER CENTER 

The Westinghause RbO Laboratory maintains f o r  i t s  users a UNIVAC 1106 and an 

c i  1 l a r y  1/0 support equipment i nc lud ing  graphics w i t h  a CALCOMP 936 p l o t t e r  . 

The Conversational Time Sharing system i n s t a l  led on the  UNIV~C i s  i n t e r a c t i v e  

and permi ts  remote j ob  submit ta ls .  

Also located a t  t h i s  s i t e  a re  t r o  separate i n t e r a c t i v e  graphics systems f o r  

computer ass is ted d r a f t i n g  and design t o  p rov ide  r a p i d  and easy design capa- 

b i . l i t y .  The Appl icon System i s  employed most f requen t l y  f o r  e l e c t r o n i c s  ap- 

p l  i ca t i ons  wh i le  the  Computer Vis ion i n t e r a c t i v e  graphics system rece ,ves the  

bulk of the mechanical design app l ica t ions ,  A f u l l  complement o f  haraware. 

software ana s k i l l e d  engineers and tecnnic ians support the use o f  tnese f ac i  1-  

i t i e s .  

AESO (LARGE SITE) H Y 8 R I O  COMPUTER FACILITY 

The hyb r id  computer 1 aboratory a t  the Advanced Energy Systems O i  v i s i o n  (AESD ) 

S i t e  i n  Large, Pennsylvania i s  used p r i m a r i  l y  f o r  analyz ing the  t ime dependent 

behavior of emerging energy system concepts. I n  add i t i on .  the d i g i t a l  compu- 

. t e r  sec t ion  can be used separate ly  as a s c i e n t i f i c . d i g i t a 1  computer t o  per fo rm 

ca l cu la t i ons  o r  t o  process data. 
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The analog computer consists of three E A I  2000 analog computer consoles. Each 

console can solve up to 31 simultaneous differential equations and all three 

can be combined to triple that capacity. Experience nas shown that this is. 

sufficient capacity to handle most problems in the energy field. The power.of 
the .analog computer is multiplied by the hybrid interface to the digital com- 
puter. The digital computer can be used to calculate complex functions such 
as water properties for use by the analog. computer. ' The hybrid interface has 
32 analog-to-digi tal. channels and 16 digi tal-to-analog channels. 

Use of the hybrid computer is facilitated by the recent developments in com 

puter software which allow automatic setup. scaling and checkout of the analog 

computers from the digital computer. This reduces both the engineering time 

and the calendar time requi red to develop .a simulation. Evaluation of results 

is aided by a digital graphics system which can instantly display results of a 
transient on a CRT, scaled and labeled in engineering units. A hard copy of 

the graphics display can be obtained simultaneously. ana its qua1 ity permits 
direct use in report preparation. 

The digital computer is an SEL 32/77 minicomputer with a 32 bit word and a 
64 K word memory. The computer is capable of timesharing operation using the 

three terminals in the system, batch operation from cards, or hybrid operation 

with the analog computer. Mass storage is provided by a magnetic tape drive 
and a 40 M byte disk. Output is via a 600 LPM printer.' The primary p r o g r m -  

ing language for this computer i s  an extended version of FORTRAN IV. and a 
large scientific subroutine package is included. 

 hi's computational facility is available to . the First-Wal l/ Slanket/Shield 
program as required, particularly for .the analysis of complex transient be- 

havior of components and subsystems. 



H.14 HEDC FACILITIES 

Table H-3  is a summary of existing test facilities at the Hanford Engineering 

Development Laboratory which could be used to support the FWIBIS program. 

While the  use o f  these facilities is not c;gntemplated at this time, some of 

the capa0ilities may be suitable in special applications should a significantly 

expanded TPE 1 'program, requiring accelerated and mu1 tiple para1 lel testing 
. . 

capabi 1 ities, materialize. 
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TAULE H- 3 

E X  ISTlNG IIANFORO ENGINEERING LADORATORY (HEM ) 
lESr fACILITIES 

1 .  

-looL*NT 

C - . . -- 
.i. 11lec.llu-lllcc11an icd (1> Uater- 
C 
,- - 
& I  
$ liglb Pressure Uater - 
5 U) 

w c r  
CONTROL CUSTODIAN f LOU 

0-15000 gpn Plt feed b Bleed 
300 9Pm 

DOE 

DOE 

DOE 

DOE 

DOE 

IIEM. 

PNL . 

IEOL 

IIEDL . 

HEOL 

-- 

4 HY 
32 K amp 

1.4 HU 
1BK amp 

0-2500 ps ig  70-600Of 

L l t b i u o  

lle l ium 

5 CIU Cold l r a p  
'1 Ppm 02 

Cold l r a p  
I lo t  Trap 
<lo0 ppm N2 

None 

I. A portable electron bean power supply system I s  c a m n  t o  a l l ' f a c i l l t l e s .  

2. Under power supply heading, these are con t ro l lab le  DC slipplles i n  addi t ion t o  the power supply i r ~  Note 1. 
Tl~ese supplies are capable o f  transient power cycl lnq. 

3 .  fu tu re  expected use of these f a c l l l t i e s  I s  low enough that  no sclbedu~ing c o n f l i c t s  are expected ULICII would 
prevent runnlng subrtqnt i a l  fH/B/S tests  i n  the t l~ne pc r lod  'proposed. 

4. Addit ion of a she l l  and 'tube hex at  low cost would extend heat d iss lpat lon t o  any desired level.  Addit ion o f  
a llcat excllanger I s  r rgu l red t o  match heat input. Ex ls t lng  heat removal mav have t o  be increased. 

5:  Can eas i l y  upgrade t o  at least 100O0F. Lirul t  applies t o  lie compressor. Higher tes t  sect lnn outlet. 
tdlnpdratures CA(I be obtained by adding a heat exchanqer downstream o f  tes t  sectloft. 









C-E Power systems Tel. 2031688-1 91 1 
Combustion Engineering, lnc. Telex: 99297 
1000 Prospect Hill Road 
Windsor, Connecticut 06095 

September 24, 1981 
EDS-81-231 

P. Y. Hsu 
WE-I1 Program' Manager 
Fu~ion ~schnology Program 
E. G. & G. Idaho, Inc. 
P. 0.  Box 1625 
Idaho Falls ,  Idaho 83415 

Subject: Thermal Hydraulic Themechanical  Testing Facil i t ies  Survey 

Dear M r .  Hsu: 

Combus tion Engineering, Inc . , i s  pleased to respond to your inquiry 
with regards, to available C-E f ac i l i t i e s  to perform the.ml-hydraulic 
and thermo-mechanical testing planned for the fusion Cechnology program. 

The attached response addresses each of the specific items in  the 
inquiry l i s t  contained in  your l e t t e r  to V.  G.  Scott i ,  dated 
September 11, 1981, that we feel we are qualified i n  providing. C-E 
has the requisite expertise and f ac i l i t i e s  to make an important con- 
tribution to the fusion program. 

We would be pleased to provide further amplification of our capabilities.  
Please ca l l  D r .  H. N. Guerrero a t  (203) 688-1911 ext.  3921 for any 
questions . 

Director V 
Engineering Development & Services 
C-E Nuclear Power Systems 
Combus ti on Engineering 



COMPONENT TESTING 

The t e c h n i c a l  r e s p o n s i b i l i t y  t o  t e s t  ma jo r  C-E  NSSS components i n  o r d e r  
t o  e s t a b l i s h  des ign  parameters o r  t o  v e r i f y  t h e  completed des ign  i s  . 
ass igned t o  the  Eng ineer ing  Development and Tes t  group (ED&T). The 
ED&T group i s  s t a f f e d  by 23 eng ineers  and s p e c i a ' l i s t s  and Ss one u f  L t ~ e  
f u n c t i o n a l  groups under Eng inee r i ng  Developm'ent and Serv ices .  

To meet t h e  above r e s p o n s i b i l i t y ,  s ca led  and f u l l  s i z e  models o f  C-E's 
PWR p r ima ry  coniponents ( f u e l  assembl ies,  CEDbls and p r in ia ry  systerr~ i n t e r -  
n a l  s t r u c t u r e s )  a r e  l e s t e d  t o  suppo r t  t h e i r  therma l ,  h y d r a u l i c  and 
mechanical des igns.  Fu r the r ,  p r o t o t y p e  components such as f u e l  assem- 
b l i e s  and CEDMs a r e  t e s t e d  a t  p r o t o t y p i c a l  c o n d i t i o n s  o f  p ressure ,  tem- 
p e r a t u r e  and f l o w  t o  assure tha- t  s t r i n g e n t  performance c r i t e r i a  a r e  met. 

Besides ope ra t i ona l  t e s t i n g ,  t h e  ED&T group a l s o  per forms resea rch  and 
development t e s t i n g  t o :  r e s o l v e  n u c l e a r  s a f e t y  concerns such as LOCA 
hea t  t r a n s f e r  and blowdown loads  i n  t h e  co re  and steam genera to r ;  con- 
duc t .  f l o w  and. v i  b r a t i o n  s t u d i e s  o f  ma jo r  i n t e r n a l  s t r u c t u r e s ;  conduct  ,, 

t e s t i n g  f o r  c o r r o s i o n  e f f e c t s ;  and develop s p e c i a l i z e d  s i n g l e  and two- 
phase f l o w  i ns t rumen ta t i on .  
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T F - 7  . . -- Cont ro l  -- . -- - Element D r i v e  Mechanisn~ (CEDM) Test Stand 

Th is  f a c i  1  i t y  i s  used as a  c o n t r o i  element d r i v e  ~~ iec t i an i s~n  t e s t  f a r . i l  i t y  
for- ho t  opera t i ona  1  development t e s t i n g  o f  CEDMs , co r l t ro l  elements, and 
CEDM c o o l i n g  shrouds. The f a c i l i t y  has a  20 f o o t  and a  31 foo t  head 
clearance area.  

Telrlpera t u r e  - 650°F 

Flow - 30 gpm 

Ma te t - i  a 1 - S t a i n l e s s  Stee l  

Test  Sect ions - 8 i n c h  diameter 

- 16 i n c h  d iameter  

P i p i n g  S ize  - 1  - i n c h  

The C E  r e a c t o r  comporients t e s t  f a c i l i t y  ( T F - 2 )  i s  a  h igh  temperature/h igh 
pressure  t e s t  ' l oop  t h a t  i s  s i m i l a r  i n  many respects  t o  a  PWR coo lan t  loop.  
I t ' s '  p r imary  use i s  f o r  s imu l taneous ly  t e s t i n g  f u l l  s i z e  systems o f  r e a c t o r  
coniponents i r i c l ud inq  up to  f i v . e  f u e l  assemblies, c o n t r o l  rod ,  c o n t r o l  rod  
d r i v e  nrechanism a n d  r e a c t o r  i n t e r n a l s  n~ock-up. I n  a d d i t i o n ,  h i g h  tempera-' 
t u r e / h i g h  pressure model t e s t i n g  and i n d i v i d u a l  coniponent t e s t i n g  i s  c a r r i e d  
ou t  i n  t h i s  f a c i l i t y .  T.he f a c i l i t y  has been employed .to develop an u l t r a s o n i c  
f l o w  rneter, per fo rm spec ia l  e ros ion  t e s t s ,  conduct l eak  d e t e c t i o n  s tud ies  and 
serve as a  m a t e r i a l s  e v a l u a t i o n  s t a t i o n .  

Pressure - 2500 p s i  

Temperature - 650°F 

Flow - 15,000 gpm a t  300 f t .  head 

P i p i n q  S ize  - 16 i n c h  

'Jcst sect ior is  -- a .  36 i r ich d iameter ,  approx. 4.0 f t .  long  
h. 13 i n c h  d iameter ,  approx. 28 f t .  long  

f l a  t e r i a l  - S t a i n l e s s  s t e e l  316 and s t a i n l e s s  c l a d  carbon s t e e l  f o r  
. I  - r 1 1  A - - &  -..-+;nm 



TF-1 i s  a 4" h igh  pressure, h igh  temperature f l o w  loop  used f o r  (1 )  v i b r a t i o n  
and dynamic co r ros ion  t e s t i n g  o f  p a r t i a l  f u e l  bundles, ( 2 )  LOCA blowdown loads  
t e s t i n g  o f  f u l l  l e n g t h  steam genera tor  tubes under p r o t o t y p i c a l  c o n d i t i o n s ,  
(3)  blowdown heat t r a n s f e r  t e s t i n g  o f  s imu la ted  PWR f u e l  channel under simu- 
l a t e d  t r a n s i e n t  f l o w  and power cond i t i ons .  

Pressure - 2300 p s i  

Temperature - 650°F 

M a t e r i a l  - StaSnless Stee'l 

Flow - 450 gpr11 a t  I50 ft. head 

A u x i l i a r y  Power Supply - 300 kw DC o r  AC programmable 

i t ' - 1 6  po t  B o i l e r  F a c i l i t y  --.----.-- 

The 1)ot ho i  l c r  t e s t  f ' a c i  1 i t y  o f f e r s  the  capab i l  i t,y of t e s t i n g  a v a r i e t y  o f  
ctterr~i-,t~.,y/corl-osiol., r n v  ironrnents under heat trans.fct-  c o n d i t i o n s .  Pot  b o i l e r s  
a w  desi'qtied t o  s i~n t r l a te  extrenie steal11 genera tor  t iydrau. l ic c o n d i t i o n s .  " T e s t -  
it)!] i 11 t h i s  f ~ c i  1  i t.y i nc luded  e v a l u a t i o n  o f  va r i ous  st.ea111 genera tor  secondary 
cherlii s t r y  enviror ir~lents under normal o r  f a u l t e d  c o n d i t i o n s  and s i n ~ u l a t e d  con- 
denser leakage t e s t s .  Other e f f o r t s  i n c l u d e . d e n t i n g  n e u t r a l i z a t i o n ,  chemical 
c lean ing ,  condensate p o l i s h i n g ,  water  che l i i i s t ry  l i n ~ i t s ,  and a l t e r n a t e  m a t e r i a l s .  

Pressure - 2500 p s i  p r imary  (1000 p s i  secondary) 

Ic:tnpc?ra t u r c  - G50"F pr imary  (550°F secondary) 

I:low. - 150 gpm a t  310 f t .  head 

Mater ia  I - S t a i n l e s s  s  tee1 p r i n ~ a r y ,  (carbon s tee'l secondary) 

Test S t a t i o n  - 1 7  (one s t a .  has 250 kw r a t i n g )  
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SPECIAL INSTRUMENTATION -- - - -. -. . 

Exatnples o f  spec iq l  inst runients developed f o r  the Nuclear ~ a b o r a t o r ~  
t e s t  f a c i l i t i e s  and r e a c t o r  use a re :  

" Boronollleter t o  measure B' concen t ra t i on  i n  t he  r e a c t o r  
cool  an t .  

" U l  t r a s o n i c  f lowmeter t o  measure pr imary  c o o l a n t  f l o w r a t e .  
" Ul t r a s o n i d  displacenient measuring sys ten1 f o r  core  b a r r e l  

v i b r a t i o n  nieasurements. 
" RF r e f  lectotneter probe f o r  dy r~a l l~ i c  1  i q u i d  l e v e l  n~easurement. 

" Cont ro l  . rod p o s i t i o n  i n d i c a t o r  system. 
\ 

" P r e c r i  t i c a l  V i b r a t i o n  M o n i t o r i n g  Progrant system c o n s i s t i n g  
o f  acceleronieters, pressure t ransducers and s t r a i n  gauges. 

ELECTRICAL AND INSTRUMENTATION DEVELOPMENT .- 

The Power Sys tem~ Group o f  Combustion Engineer ing i s  invo lved i n  a  wide 
range of a c t i v i t i e s  which r e q u i r e  e l e c t r i c a l  and i ns t rumen ta t i on  support .  
These needs a r e  n ~ e t  by the  E l e c t r i c a l  and Ins t run ie r i ta t ion  Development 
group w i t h i n  the  Engineer ing Development and Serv ices o rgan iza t i on .  
Staffed by e i g h t  engineers, n i n e , e l e c t r o n i c  t echn ic ians  and superv isor ,  
personnel,  t he  group a l s o  main ta ins  a  f u l l y  equipped e l e c t r o n i c s  l a b  
f o r  developing p ro to t ype  ins t ruments  and a  standards l a b  f o r  c a l i b r a t i o n  
o f  a wide- v a r i e t y  'o f  i ns t rumen ta t i on .  

DATA ACQUISITION AND PROCESSING -- FACILITY - 

The Nuclear ~ e v e l  bpment Labora tory  da ta  acqui s i  t i o n / d a t a  redu'c t ion systems 
aye centered around a  PDP11/15 minicomputer.  Data a c q u i s i t i o n  equipment 
inc ludes  two 14 t r a c k  FM tape recorders ,  a  39-channel FM M u l t i p l e x  system, 
and.a d i r e c t  d i g i t a l  data a c q u i s i t i o n  system t y i n g  t h e  PDP coniputer t o  
t e s t  s tands.  The PDP-11 cornputer system conta ins  96 channels o f  analog- 
t o - d i g i t a l  convers ion,  t e n  m i l l i o n  bytes o f  o n - l i n e  d i s c  storage, seven- 
t r a c k  d i g i t a l  tapo, a  132-column l i n e  p r i n t e r  and a  d i g i t a l  incremental  
p l o t t e r  f o r  au to l l ia t i ca l  l y  genera t ing  r e p o r t  qua1 i t y  p l o t t e d  data.  Remote 
and l o c a l  access e x i s t s  t o  C-E's data processing cen te r  which inc ludes  
CDC 7600 and Cyber 72 computers. Standard F o u r i e r  a n a l y s i s  and 
s t a t i s t i c a l  c a p a b i l i t i e s  a r e  a v a i l a b l e .  



C-E RESPONSE TO QUESTIONNAIRE FOR TPE-11 FACI141TY SURVEY 

Reference: Let ter  from P. Y. Ilsu, TPE-I1 Program Manager, Fusion Technology 
Program to  V. G.  Sco t t i ,  September 11, 1981. 

C-E's response is directed mainly to  rhe Ll~einlal hydraulic tes t ing aspect of 

TPE-11. Here, we assume the tes t ing  of simulated internal  heat generation 

i n  facsimiles of fusion blanketlshield modules while connected to  and act ively 

cooled by a heat t ransfer  loop. Of course, t h i s  may a l so  be considered a s  

cons ti t t ~ t i n g  par t  of the thermo-mkchanical tes t ing . The foliowing items 

address each of the .  spec i f ic  questions i n  the inquiry of the above reference. 

(The numbering or  l e t t e r s  correspond to the sequence i n  the reference l e t t e r . )  

Question 2 

a . )  The Nuclear Laboratories presently has a 300 kw fu l ly  programmable DC 

power supply (107V DC, 3000 amps), where the output is  continuously 

variable f r m  10 vol t s  t o  the maximum voltage. 'This has been used 

previously to  power simulated nuclear fuel  rod assemblies . 
. 

for  . c r i t i ca l  

heat flux, blowdown and t ransient  heating experiments. I n  addition, 

the Laboratory has available up to  1.87 F.IW additional e l ec t r i ca l  

capacity with the requis i te  'transformers and switchgear. Thus, high 

power loadings of up .to 2.17 MLl can be accommodated for  steady.oper- 

a t ion.  Cyclic or  t ransient  experiments can be performed a t  up to  

300KW with the DC programmable power supply which could be augmented 

by addition of s imilar  uni t s .  

Resistive heating u t i l i z i n g  a low voltage, high current power supply 

would appear to  be the most technically feasible method of simulating 

the internal  heat generation of a blanket module since a l o t  of 

experimental experience has been achieved i n  simulating nuclear heating 



i n  f i ss ion  reactors with th i s  method. The technology is well developed 

and various power prof i les  can be eas i ly  generated by ta i lor ing  the 

resistance per uni t  length of the resistance heater .  This is a highly 

I locible  me thud wll ic l l  can ac'cannoda t e  any ' conceivable combinations 

o r  contigurations of blariket modules. 
I 

b.) The t e s t  environment i n  which the  t e s t  module would be s e t  up would 
no~mally be an a i r  envi rnnment . 

c . )  The s ize  and configuration of the t e s t  pieces would be limited only 

by the heat source power and th.e test  piece hcat generatioii/unit 

. .vol~une; 

d . )  Any material can be accommodated i n  the t e s t  space i f  sa fe  working 

conditions can be maintained. 

,e. ) bximum tcmperatuses; wuuld be l i m f  ted by the meeting point of struc- 

tura l  materials (e.g.  s t e e l  - 2 0 0 0 ~ ~ ) .  Maxinnxn power at ta inable  a s  

menti,oned previously is 2.17 MW. 

. The r i s e  time and decay time of the DC .power supply is in  the order 

nf 1 / 4  second. Howvcr, the cantrul cur.r.e~~r. nP tFe saturable  reactor  

core i s  only 0-100 ma which eas i ly  allows the programming of any 

power pulse r i s e  and decay time and repe t i t ion  r a t e  using simple 

I electronic  control c i r c u i t s .  

g . )  The C-E Nuclear Test Laboratories include a number of general purpose 

high pressure, high temperature water loops tha t ,  operate a t  PWR 

reactor conditions of 2200 psig and 600'~. Three of these tha t  may 

be pertinent t o  these t e s t s  a re :  



a. TF-1 loop with a flow capacity of 400 gpm and 4-inch 

pipe line size; 

b. TF-2 loop with a flow capacity of 15,000 gpm and 16-inch 

pipe line size and, 

, ,-,- c. i b  16 loop with a flow capacity of 150 gpm and 3-inch 

. pipe liuc size. 

Detailed specifications and description of these test loops are included 

in Attachment A. Flowsheets are included in Attachment B. 

h.) All of these facilities are fully instrumented for loop pressure, tem- 

perature and flow operational conditions. Special instrumentation of 

test sections installed irl these loops have been both varied and sub- 

stantial. These include fast response thermocouples, pitot probes, 

ultrasonic flmeters, piezo-electric pressure transducers, piezo- 

electric and strain gage type force transducers, eddy current dis- 

placement transducers, LVDTs, strain gages, accelerometers 'and others. 

The special circumstances under which these types of instrumentation 

and the expertise developed with them tan best be illustrated with 

examples of testing conducted with these facilities. These include: 

- Ilot flow testing under simulated reactor primary system environ- 

ments, testing under simulated seismic conditions, equipment 

evaluation of typical full size reactor components including 

reactor fuel, control elements, drive mechanisms and,miscel- 

laneous supper t structures . 

- Flow testing.on 115 scale models of complete reactor vessel and 

all its internals for verification of thermal-hydraulic analyses. 



- Flow induced vibration tesLs of a scale model PWR Upper Guide 

Structure under prototypical reactor pressure, temperatures 

and flows. ' 

- EPRI Elowdown Heat Transfer t es t s  arld ocher reflood tes ts  of 

si~~iulated single reactor fuel channels. 

- EPRI LOCA loads testing of fu l l  s ize PWR steat11 generator tubes 
under prototypical reactor blowdown conditions for verification 

of t h e m  1.-hydraul i c  code (CE-FLASH4) and mechanical response 

codes (ANSYS). 

- EPRI Steam Generator Tube f re t t ing and wear t e s t  program to 

characterize tubelsupport interaction forces as  a function of 

tube/support geometry, loading conditions, environment and 

materials. 

A centra'l data acquisition system based on a PDP 11/15 computer is 

available for'on-line remote data acqiiisition (up to 50,000 samples 

per second) as  we1,I. as, off-line data reduction. An on-line data . 

acquisition ca$abili'ty would have advantages lur. Lhe V E  I1 .program 

in  view of thc capability fu-r data logging as we I 'I a s  t r insient  data 

acquisition (2 speed flexibi.l.ity), and capabilities for pre-test: . 

calibration; check-out of instruments, aid quick tu.maround of data 

reduction. A larger, more flexible computer system i s  also planned 
I which can handle mu1 t iple tasks ., A 50-channel FM-Mul tiplex dath 

acquisition system is also available. 

i . )  Availability of these f ac i l i t i e s  a t  the present. time i s  excellent. 

Existing C-E t e s t  f ac i l i t i e s  made available to the  FW/B/S 

program w i l l  be made available without any "use charge" or "rental 

fee". ~ i r e c t  charges w i l l  only be applied to the contract for  labor, 

materials and extraordinary fuel expenses. C-E ' s government approved 



accounting system is  based upon depreciation of capi ta l  f a c i l i t i e s  

over the i r  useable l ifetime. This depreciation expense, a s  well as  

other overhead related expenses, is  included i n  the overhead r a t e  

for  the ~ o s t  center serving the part icular  t e s t  f a c i l i t y .  

j .) C-E,. a s  a nuclear manufacturer, maintains a number of manufacturing 

operations, and machine shops which the ~ u ~ l e a r  Test Laboratories 

regularly make use of i n  the fabrication of t e s t  models, other t e s t  

hardware, prototype equipment and special  handling tools and f ixtures .  

A dynamic t e s t  laboratory is maintained which is equipped with 

hydraulic and electrorraagnetic shakers controlled by a d i g i t a l  vibra- 

t ion control system. Software is  a l so  available for  dynamic t e s t  

analysis.  This laboratory would be useful for  obtaining the dynamic 

character is t ics  of Llie t e s t  pieces pr ior  to  tes t ing.  

An electronics and standards laboratories a r e  available for  cal ibrat ion 

and fabrication of special  transducers and instrumentation. 

A f u l l  complement of supporting laboratories including analyt ical  

chemistry, metallographic, ceramic, materials properties,  x-ray, and 

photographic laboratories a r e  a l so  available.  The above f a c i l i t i e s  , 

a r e  described fu l ly  i n  Attachment A. 

k . )  C-E ~ u c l e a r  Test Laboratories maintain a large s t a f f  of well qualified 

personnel for  performing the research and development a c t i v i t i e s  of 

the company using these f a c i l i t i e s .  There a re  up ta 62 sc i en t i s t s /  . 

engineers and 70 technicians i n  the various .departments comprising 

the Nuclear Test Laboratories. The various groups and the i r  functions 

a re  described i n  Attachment A. 



1.) 111 addition to  the personnel in the Nuclear Test Laboratories, other 

qualified personnel are available to provide analytical support to 

tes ts  of the type in  TPE 11. Such support can be i n  the fonn of 

kelp i l l  ~ c ~ t  fac i l i ty  Jes igl~,  tesr: planning, pre-test analysis and 

posL-test data evaluation. C-E is very well qualified in t h i s  
! 

respect in view nf the expertioc available al~lullg its various design 

groups i n  the C-E Nuclear Power Systems. The engineering, materials 

and physics problems specific to the magnetic fusion program are 

similar in many respects to the type of problems that Combus tion 

Engineering i s  regularly dealing with in  designing nuclear generating 

stations . Therefore, the analytical sk i l l s  and advanced cmputa tional 

methods and broad tecl~llical support from a l l  engineering disciplines 

that are available within C-E w i l l  ensure that the t e s t  objectives 

of: TPE T I  w i l l  be successfully addressed. The following a r e  the C-E 

nuclear design groups and a short description of their  functions and 

capabilities.  

The Reactor Design Department is responsible for performing structural 

analysis of reactor fuel assemblies and reactor internals,  considering 

thenno-s tructural interactions of reactor ccxnponents , fliiid-struc ture 

iilleraction under s t a t i c ,  thermal, steady s ta te  and dynamic transient 

loads r ~ s ~ i l  tin8 frm accident esndi tiirlls, gerfomrlre of these analysis 

requires the krivwledge of complex computer codes. 

Mechani-cal. Design Department is responsible for performing 'structural 

analyses of reactor internals,  reactor fuel assemblies and auxiliary 

reactor components. Specific areas of expertise include, but are not 

limited to: 

(a) Application and development of numerical computer methods 

for the solution of nonlinear dynamic responses under 

earthquake and fluid pressure loading. Nonlinear capa- 

b i l i t i e s  include treatment of gaps, f r i c t ion ,  elastic- 

plast ic  properties and fluid structure effects .  



(b) Development of large f i n i t e  element models of complex 

sLructures fo r  use i n  both s t a t i c  and dynamic response 

analyses. 

(c) Transient and s t e a d y s t a t e  dynamic and s t a b i l i t y  analyses 

of a r b i t r a r i l y  loaded she l l  s t ructures  including fluid- 

s t ructure interact ions.  

(d) Fac i l i ty  i n  the application and development of a wide 

variety of .structural analysis computer programs such as  

SAPIV, STRUDL, STARDYFTE, ANSYS, SHOCK, MARC, ASHD, DYNASOR, 

and others . 

The Materials and, Chemis try Deve1opn.t Department has respons ib i l i t ies  

for  select ing a l l  p r i ~ w r y ,  secondary and auxi l iary systems s t ruc tu ra l .  

materials,  coatings, and other materials used i n  the fabrication of 

reactor internals ,  pressure vessel,  primary system boundary and atmil- 

iary components. It handles programs dealing with radiation ef fec ts  , 
radiation surveillance of reactor vessel materials,  evaluation of post- 

i r radiated material and properties and fracture toughness tes t ing 

support of NSSS design development and operation of PWR and other 

advanced reactor systems. The department is a l s o  responsible for  NSSS 

system chemistry, sys tem corrosion and chemical cleaning. 

Plant Engineerjng Department provides the design, analyses, and syn- 

theses of thermal-hydraulic and mechanical systems used by the power 

genera t ion industry. Under th i s  department, the Structural  Systems 

section is responsible for  performing s t r e s s ,  thermal, and seismic 
> 

analysis of piping, components and equipment supports fo r  both primary 

and auxi l iary system designs. The Primary Systems section provides 

thermal-hydraulic sys tem responses for  s teady-s t a  t e  , t ransient  and 

accident conditions and develops dynamic mass and energy release data 

fo r  postulated ruptures on high and moderate energy piping systems. 



' Fue l s  Development Department i s  responsible for  executing materials 

developrlerit programs and irradiation tes ts  on a l l  core materials for 

C-E - M s .  It provides consulting services on clad material properties 

for ~ t . h ~ r  group3 within NFS. I L  prcpures design input d a b  and cor- 
relations on core ula~eria1.s for fuel perfomnce analysis. 

I 

Addit.iona1 Questions -1-31i a 

a . )  The three t es t  loops cited are a l l  basically circulation type loops. 

W-2 is used for large scale testing of prototype cmponents. TF-1 

has been used for blowdown and two phase testing. TF-3 is used to  

simlilate YWK prirnary and ~ c c o n d a ~ y  (two-phase) cc l l l J i~ iu l l s .  

b.)  Water i s  the primary fluid used. 

c . )  'IT-2 effects  i t s  heat-up by means of pump heat (- 1 MW) and has a 

cooldown heat exchanger (liquid-to-liquid) rated a t  2.5 million BTU/ 

TI?-1 has 75 KW in-line immersion heaters and the 300 KT4 DC power supply 

i~ oftcn used in  tes ts  using t h i s  Lacility. Cooling capacity is  

available. with a liq~ij,d-to-liquid heat exchanger rated as sufficient: 

to  handle a 300 W heat load. . 
. 'IT-16 has in-line immersion heaters that add up to a maximum of 500 W. 

An a i r  blast  heat exchanger is used to condense steam generated in  the 

pot boilers and i s  rated a t  1.5 million BTU/hr. 

d.) Detailed information on flow rates,  pressures, pressure drops, and 

.other information are contained in  specification sheets provided in 

Attachment A. 
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Contract Research Divlslon 

a McDermott company P. 0. Box 1260 
Lynchburg, Virginia 24505 
(804) 384-51 11 

September 24, 1981 

M r .  P. Y .  Hsu 
'TPE-I1 Program Manager 
Fusion Technology Program 
EG&G Idaho, I n c .  
P. 0. Box 1625 
Idaho F a l l s ,  Idaho 83415 

Dear M r .  Hsu: 

Subject :  Your l e t t e r  dated September 11, 1981, e n t i t l e d  "Thermal - 
Hydrau l ic  Thermomechanical Tes t ing  F a c i l i t i e s . "  

Babcock & Wilcox apprec ia tes  the  o p p o r t u n i t y  t o  p resent  our  c a p a b i l i t i e s  
per  your  sub jec t  request .  Inc luded w i t h  t h i s  l e t t e r  a r e  the  f o l l o w i n g  wr i te-ups 
and brochures: 

1. E x i s t i n g  Thermal -Hydraul i c  Research Faci 1 i ty  f o r  Fusion Blanket /  
Sh ie ld  Tes t  Program (TPE-11) 

2 .  Personnel Resumes 

3. Heat Trans fer  F a c i l i t y  w i t h  i s o m e t r i c  arrangement and 
summarized capab i l  i t i e s .  

4. Research and Development Brochure 

We b e l i e v e  thi's i n fo rma t ion  prov ides  a l l  the  answers t o  the  quest ions. i n  
your  l e t t e r .  However, i f  we have overlooked some aspect, please conta.ct me, 
(804) 385-3322, o r  M r .  Bob Kuchner, (216) 821-9110, Ext .  529), t o  g e t  any 
f u r t h e r  data. 

We look  forward t o  working w i t h  you on t h i s  impor tan t  i n d u s t r y  program. 

S i  ncere l  y, 

BABCOCK & WILCOX 
' a McDermott company 

~l oydu N . Anderson 
Market ing S p e c i a l i s t  
Nuclear Market ing Department 

FNA: ps 
Enclosures 
cc: G. Longhurst 



EXISTING THERMAL-HYDRAULIC RESEARCH FACILITY 
FOR FUSION BLANKET/SHIELD TEST PROGRAM (TPE-I I )  

The Babcock .& Wi 1 cox Company has a thermal -hydraul i c  research f a c i l  i ty  which 
wi ' l  l be of i n t e r e s t  to  LC;&[; I n  t h e  DOE-sporisur;ed rus501s program. The r-esear-ch 
, f a c i l i t y '  i s  the Heat Transfer Fac i l i ty  (HTF). I t  was b u i l t  i n  1976 and i s  l'ocated 

a t  the Alliance Research Center i n  Alliance, Ohio. ~ rochures  describing both the HTF 

and the R&D Division are  enclosed to provide an overview of our f a c i l i t i e s  and 
capabil i t i e s .  

-. . . . . .. . . . 

Responses ' to the "Questiqnaire f o r  TPE-I1 Facil i t y  Survey" regarding the . 

HTF a r e  provided below. The HTF can be used to  accompl ish both the thermal-hydraulic 
and thermbmechanical tes t ing .  We do not have f ac i l  i t i e s  t o  provide nuclear heating 
of the t e s t  specimens. The responses provided follow the format suggested by the 
ques t ionai re  

OVERVIEW TO HTF 

9 .  .Facil i t y  Configuration: 

The f a c i l i t y  consis ts  of 

- closed-circui t, two-phase pressurized water flow loop. 

- 10 megawatt power supply and a heat re jec t ion  system. 

- control s and instrumentation. . . 

- dedicated computer-based data acquisi t ion system. 

The flow loop i s  shown schematically i n  Figure I .  

e Working' Fluid: The working f lu id  i s  high puri ty  water. 

s Heat Source and Sink: The heat source f o r  the f a c i l i t y  i s  a i O  

megawatt d i r e c t  current power' supply. The 50,000 amperes power 

supply consis ts  of f ive  s i  1 i con-control 1 ed-recti f i e r  power modules 

w i t h  the voltage potential  variable.  from 0 t o  200 VDC. 

Heat i s  removed from the pressurizqd water loop via two compact 
heat exchangers, a secondary water system and an external cooling 

tower. The nominal heat re ject ion r a t e  i s  6 megawatts, a1 though 

' ra tes  approaching, 10 megawatts have been achieved at high loop 

temperatures. 



HEAT TRANSFER FACILITY L.OOP PIPING ARRANGEMENT 

FIGURE 1 



e Surmary o f  dapabil  i t i e s  

~ 1 G c t r . i ~  Power Supply 

Voi tage 

Current 

F l  ow Loop: 

Design Pressure 

Design Temperature 

Design Flow Rate 

Design Head 

Number o f  Pumps 

Number o f  Heat Exchangers 

Mater ia l '  
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! DETAILED DESCRIPTION OF HTF 

,Two o f  the most s i g n i f i c a n t  requirements o f  the fusion b lanke t /sh ie ld  t e s t  

program w i l l  be s a t i s f i e d  by the HTF. The f i r s t  requirement i s  a  source of pressur- 
. . 

i zed water coo lant  w i t h  s u f f i c i e n t  capac i ty  t o  cool the  t e s t  pieces. The second 

requirement i s  a  source o f  e l e c t r i c a l  power f o r  the heaters requ i red  t o  s imula te  the  

b lanket  heat re lease.  The f o l  lowing paragraphs b r i e f l y  'descr ibe t he  character-  

i s t i c s  of the HTF i n  1  i g h t  of these. two requirements .-- Several add i t i ona l  features 
of the f a c i l i t y  t h a t  are impor tant  t o  the  t e s t  e f f o r t  a re  a l s o  described. 

The HTF was designed w i t h  f l ow c a p a b i l i t i e s  s u i t a b l e  f o r  t e s t i n g  bo th  nuc lear  

reac to r  and f o s s i l  f ue l '  b o i l e r  components. The f a c i l i t y  has a c losed-c i rcu i  t f l o w  ' 

loop t h a t  i s  constructed o f  s t a i n l ess  s tee l  and designed t o  ASME s p e c i f i c a t i o n s  f o r  a  

pressure o f  21 Mpa.and a temperature o f  3 7 0 ~ ~ .  The f l o w  loop  i s  shown i n .  F igure  1 .  

The v o l ~ m e  o f  the p i p i ng  was m'imimized t o  ga in  f a s t  response t o  thermal changes and 

t o  minimize the volume o f  steam t h a t  can e x i s t .  A bypass around the t e s t  sec t ion  

area provides added f l e x i b i l i t y  i n  con t ro l  o f  condi t ions and response.' There a re  

f o u r  Chempump canned r o t o r  pumps each hzving a head o f  approximately 130 meters a t  

a  design flow o f  0.02 cubic meters per second. The pumps ca'n be operated i n  any o f  

the fo l lowing condi t ions:  one pump alone, two punips i n  ser ies ,  two pumps i n  p a r a l l e l  

o r  two p a i r s  o f  se r ies  connected pumps i n  p a r a l l e l .  Th is  g ives wide f l e x i b i l i t y  i n  

coo lant  f low ra tes  t h a t  range from 0.0006 cubic meters per  second up t o  the  maximum 

design p o i n t  of '  0.041 cubic meters per second a t  260 meters head. S u b s t a n t i a l l y  

more f l o w  i s  obta inab le  at; lower i~eads .  

The c i r c u l a t i n g  loop i s  connected t o  an ASME Sect ion V I I I  code stamped pressur-  

- i ze r  vessel. The p ressur i ze r  i s  used t o  con t ro l  the loop pressure and t o  absorb . 
the changes i n  vo1 ume o f  the loop f l u i d  dur ing operat ion.  

'- 

~eat i s  removed from the  pressur ized c8 te r  ccc lan t  throt igh two compact heat  

exchangers i n  con junct ion w i t h  an externa l  coo l ing  tower. The maxinium heat  r e j e c t i o n  

r a t e  i s  determined by the loop  temperature. The nominal r a t e  i s  6 megawatts, 

although ra tes  approaching 10 megawatts have been achieved a t  h i g h  loop temperatures. 



The loop can b e  controiled e i the r  manually o r  automatically through control 

valves, pressurizer heaters,  loop heaters and a feed pump.. The loop i s  a lso 
equipped w i t h  many inter locks and safety t r i p  c i r c u i t s  to  provide protection of 

the loop and t e s t  sect ion.  

A 10-megawatt power supply i s  avai lable  to  s i~nula te  heat released in the . 

blanket region. The 50,000-ampere power supply equipment consis ts  of f ive  s i  1 icon- 
control 1 ed-rect'if i e r  (SCR) power modules capable of del ivering up to  10,000 amperes 

each w i t h  the voltage potential  variable from 0 to  20D VDC. The modules can be 
paralleled and control led as a s ingle  package, o r  grouped f o r  control of u p  to three 
packages simultaneously and/or individually.  'The control c i r c u i t s  can be readily 

extended to allow programmed computer control of any or  a l l  of the three packages. 

A central  control .  room contains a l l  controls and recorders fo r  complete control 

of the power equipment, the circulat ing loop and auxi l iary support systems. I t  also 

contains the dedicated computer-based data acquisit ion system which has both a 

192-channel high-speed scanner ( u p  t o  8000 channels per second) and a 200-ch6nnel 
,low-speed (high resolut ion)  scanner. The heart  of the data acquisi t ion system i s  a 
Varian V-75 computer, I t  can be programed f o r  simultaneous l o ~ p  monitorins snd 
protection, datz acquisi t ion,  data reducticn and t e s t  piece protection. All instru-  

ments and scanners feed through a wiring patch panel f o r  simp1 i f i ed  hook-up of 

instruments. 

The loop instrumentation has additional features  tha t  a r e  important to t h i s  

program. A1 1 the instrl~ments c r i t i c a l  t o  the t e s t  have ce r t i f i ed  cal ibrat ions 

traceable to  the NBS. A1 so, loop pressure, flow nozzle pressure drop, coolant flow 
ra t e ,  coolant temperature a t  the flow measuring components, coolant t e s t  vessel i n l e t  

and o u t l e t  temperature a re  a l l  measured by more than one instrument. This allows for 

ear ly  detection of instrument f a i lu res  and helps t o  es tab l i sh  measurement uncertai.nties 

by cross-checking . 

There a re  several additional advantages of having the HTF avai lable  f z r  us2 

i n  the fusion blanket/shield t e s t  program. The f i r s t  i s  t h a t  the f a c i l i t y  5s a t  i t s  

optimum age  (4  years)  f o r  use. I t  i s  new enough tha t  the most up-to-date systoms 

have been incorporated into i t  and ye t  i t  i s  old en~ugh tha t  the systems have been 

debugged and proven in use. Another advantage i s  t h a t  many of the components used 

i n  the f a c i l i t y  represent very long-lead-time items. If such a f a c i l i t y  had to  be 



constructed and debugged as par t  of t h i s  t e s t  program, i t  would have a s ign i f i can t  
impact on the time sct~edule.  Another advantage i s  construction cost savings. No 

s igni f icant  modifications . to  the f a c i l  i t y  a r e  ant ic ipated so f a c i l i t y  construction 
costs  should be minimal . 

The HTF i s  comprised of two t e s t  bays and the necessary flow loop and power 

supplies.  Testing a t  e i t h e r  s i t e  can be accomplished by the proper location of 
blank flanges. One t e s t  bay will be dedicated t o  the proposed program.. This wil l  

permit the uninterrupted fabricat ion and assembly of -the. required t e s t  apparatus.  

The pressurized water flow loop, power supply, instrumentation and cont.ro1 s of the  

HTF will be shared with other  t e s t s  -being performed in  the o ther  bay. Scheduling 
conf l ic t s  a r e  - not ant ic ipated.  Should such confl i c t s  a r i s e  during . the execution 
of the program, B&W w i  11 quickly address tile problem and attempt to minimize ' ( i f  

no t  preclude) any delay. 

The cost  fo r  using the HTF will  be based upon (1) a proration of the  annual 

fixed costs  associated with the  f a c i l i t y  and ( 2 )  the costs. associated w i t h  operating 
the f a c i l i t y  for  the  t e s t  program. The percentage of the fSxed costs  (which include 
annual depreciation charges a::d the 1 abor , material and [!ti 1 i t y  charges reqili red t o  
maintain the fac i l  i t y )  wS11 be prorated by the number of dayslyear which the fac i  1 it! 

i s  dedicated to  the fusion program. The f a c i l i t y  will  be considered dedicated t o  
this program only during those days which the f a c i l i t y  i s  i.n operation t o  e i t h e r  the( 

ou t  the t e s t  apparatus or  to execute the test .  .program. The fixed costs  f o r  the HTF 

a r e  approximately $300,000 per year.  The operating cos ts  f o r  using the f a c i l  i t y  
include the labor,  material and u t i l i t i e s  ( e l e c t r i c  and water) required t o  perform ' 

the spec i f i c  t e s t  program and to  return the f a c i l i t y  t o  i t s  or iginal  condition upon 

completion of t e s t ing .  These cos ts  depend upon the scope o f . t h e  t e s t  program and 

cannot be estimated a t  t h i s  time. Thus, the to ta l  cos t  for ,  the use of the HTF 

d u r i n g a  given year will be cal'culated as follows: 

to ta l  annual cos t  f o r  
use of Heat Transfer - - 
Faci 1 i ty 

annual fixed costs  number of days/year the f a c i l i t y  
f o r  the f ac i l  i t y  i s  dedicated to  the program 

365 days 
a l l  operating costs  ( labor ,  z a t e r i a l s ,  u t i l i t i e s ,  afid ind i rec t s )  and 
applicable' fee  required to  perfornl the specif ied t e s t  prograni 
and return the f a c i l i t y  t o  i t s  or iginal  condi.tion 



AVAILABLE SUPPORT FACILITIES 

The, technical expert ise  and the research f a c i l i t i e s  avai lable  a t  the two 

research centers of Babcock 6 Wilcox a re  well qual i f ied to  perform both the thermal- 
hydraulic and thermomechanical t e s t '  programs. The enclosed R&DD brochure out1 ines 
the capabil i t i e s  of our research organizations. 

The support f a c i l i t i e s  which appear t o  be 'needed fo r  this fusion blanket/ 

shield program are: 
C 

Experimental Stress  F a c i l i t i e s  

A summary of the f a c i l i t i e s  avai lable  f o r  experimental s t r e s s  analysis a t  the 

Alliance Research Center i s  as  follows: 
.e  Full range of equipment f o r  ins ta l la t ion;  checkout and ca l ibra t ion  

of weldable high temperature s t r a i n  gages and displa.cement transducers. 
e All equipnent necessary fo r  performing . the . dynamic s t ruc tura l  response 

t e s t s  - including accelerometers.and mounts, cabling, si'gnal 
conditioning, tape recorders, exc i te rs  (random and impulse) and signal 
sources. 

s ~ a t a  Acquisi t i .on '~ys tem (small system) - A1 1 equipment necessary fo r  

assembly of a sma?! data acquisi t ion system including power supplies,  

signal conditioning, tape recording,  signal monitoring, cal i bration 

1 equipment (NBS traceable) .  
e Data Acquisition System ( la rge  sca le)  - B&W has designed and b u i l t  a 

100+ channel data acquisi t ion,  monitoring and recording system. This 

system incl udes over 100 power supply/signal condi tionjng modules and 

ranging amp1 i f i e r s  compati bl e with s t r a i n  gages o r  accelerometers, pro- 
vision f o r  monitoring qua1 i t y  of the incoming the recorded signal s ,  
frequency domain analog multiplexing, tape recording and bu i l t - in  NBS 

traceable c a l i b r a t i o n ' f a c i l i t i e s  (signal sources, voltmeters e t c . ) .  
This system also. incorporates 1 ilni teci d a t a ,  reduction capabil i t y  f o r  

reduction of real -time s ignals  during tes t ing .  
0 Data Analysis Laboratory - A f u l l y  equipped data analysis laboratory i s  

avai lable  f o r  in-depth data analyses (both time domain and frequency 

domain) using a combination of t rad i t iona l  laboratory measuring devices 



and mini~omputer-based analyzers. Trad i t iona l  equipment i s  f u l l y  
in tegrated i n t o  a 1 aboratory patch panel , and' includes vol tmeters, 

osc i  1 loscope, o s c i l  lograph, XY: recorder, f i l t e r s ,  analog si9nal 

manipulation modules and timer;/counters. 

Winicomputer based analyzers inc lude a Hewlett-Packard 5451-C Fast 

Four ier  Analyzer and a Gen Rad-Series 2500 analyzer w i t h  time ser ies 

and modal analysis software. Both machines are fully-expanded and up 

t o  date representing current  -s.tate-of-the-ara i n  experimental s t ruc tu ra l  

analysis equipment. Both machines are in ter faced t o  a PDP 11/70 and a 
. . VAX 11/780 v i a  a h igh speed data. network, providing the c a p a b i l i t y  f o r  - 

T: l a rge  scale data reduct ion tasks. 

The data analysis system can provide complete and r a p i d  reduct ion o f  a1 1 
data from both the dynamic response tes t i ng  and thermal e f fec ts  test ing.  ' 

Computer Faci 1 i t i e s  

A t  the A1 1 iance Research Center, engineers and sc ien t i s t s  have avai  l a b l  e the 

resources of a la rge  computer, a Control Data Corporation CDC 7600 system capable 

o f  so lv ing very la rge  engineering programs. A data comunicat ions f a c i l i t y  1 inks 

t h i s  computer t o  a D i g i t a l  Equipment Corporation VAX 11/780 system. This i s  an 

i n te rac t i ve  s c i e n t i f i c  computer w i  t h  which engineering models are defined, cbded, ' 

debugged and tested. The r e s u l t i n g  computer code i s  then t ransferred t o  the CDC 

computer fo r  u l t imate  high-speed processing. Modif icat ions and enhancements can be 

qu ick ly  checked on the VAX 11/780 computer using i t s  i n te rac t i ve  f a c i l i t i e s  and 

then. incorporated i n t o  the model res id ing  on the CDC computer.. S imi lar ly ,  data can 

be checked f o r  errors, accuracy and completeness i n t e r a c t i v e l y  using VAX 11/780 

and thus, the f i na l  e r r o r  f r e e  data can be transmit ted t o  the CDC 7600 f o r  batch 

computing services. When the r e s u l t s  o f  t h i s  computer analysis are avai l a b l  e, the 

information can be sent back t o  the VAX 11/780 f o r  f u r the r  analys is  and output. 

For example, information may be displayed graphical ly,  v i a  CRT o r  p l o t t e r .  The 

resu l t s  can be stored l o c a l l y  f o r  l a t e r  comparison w i t h  resu l t s  o f  o ther  studies. 

A software and data formats on the computer system are compatible so t h a t  l i t t l e  

engineering e f f o r t  i s  required t o  format the  data and code t o  t ranspor t  i t  from one 

machine t o  the other. The A1 1 iance Research Center provides a computer s ta f f  t o  

provide support services f o r  these computers. Services inc lude system and 

appl i ca t ions  consult ing, data en t r y  and computer operations support personnel . 
/ '  



~ h b  B&W ~ombuteE Center used by  the  L.ynchburg Research Center (LRC) o f  t h e  

R&DD represents  s t a t e - o f - t h e - a r t  c a p a b i l i t y  i n  automated s c i e n t i f i c  computing 

designed t o  meet t h e  expanding needs f o r  computing requirements f o r  t he  c o n t r a c t  

research and development programs. The system has. been con t inuous ly  'enhanced t o  

neet  competi t . i v ~  standards i n  the  computer serv ices  market p lace.  The B&W Computer 

Center inc ludes,  in terconnected CDC Cyber 76, Cyber 73, and Cyber 171 computers 

romplemented b y  a h o s t  o f  pe r iphe ra l  and communications equipment.   he Cybcr 73/ 

Zyber 171 process a l l  i n t e r a c t i v e  work and a c t  as a system i n t e r f a c e  f o r  a l l  batch 

processing. The Center i s  supported by  a number o f  experienced groups i n c l u d i n g  

software systems, communications, opera t ion ,  and 1/0 c o n t r o l .  I n  a d d i t i o n ,  t he re  

i s  a l s o  t h e  B&W Hybr id  Computer Laboratory which cons is t s  o f  t h r e e  d i g i t a l  computer; 

l nd  two analog computers. These computers are in ter -connected t o  a l l o w  two indepen- 

j e n t  smal l  h y b r i d  computers o r  one l a r g e  h y b r i d  computer capable o f  s i m u l a t i n g  power 

j ene ra t i on  systems f rom t h e  heat  source t o  t h e  tu rb ine-genera tor .  The Labora tory  

:onsists  o f  CDC-1700, EAI-640 and AP-120B d i g i t a l  computers i n t e r f a c e d  w i t h  two 

f u l l y  expanded EAI-680 analog computers. There i s  a 1718 S a t e l l i t e  Computer between 

the CDC-1700 and t h e  Cyber 73 o f  t he  B&W Computer Center. The Laboratory i s  supported 

)y a number o f  experienced model developers, o n - l o c a t i o n  maintenance and s p x i a l  

lardware development personnel, and experienced systcnis and a p p l i c a t i o n s  prograrmers. 

dacuum Chamber 

The A l l i a n c e  Research Center has a l a r g e  vacuum chamber which i s  a v a i l a b l e  

f o r ' u s e  i n  t h i s  t e s t  program. The chamber i s  a c y l i n d e r  approximately 1 meter i n  

i i amete r  and 7 meters long.  The chamber i s  e x h i b i t e d  i n  F igu re  2. Each end has 

lccess through a hinged door. A door (approximately 1 meter i n  d iameter)  i s  a l so  

located a t  t h e  midd le  o f  t h e  c y l i n d e r  and i s  equipped w i t h  an observat ion  window. 

\1so, a one-meter d iameter  f la.nged access i n  t h e  v e r t i c a l  d i r e c t i o n ' i s  a v a i l a b l e  a t  

the middle.  The chamber i s  equipped wSth mechanical pumps, a d i f f u s i o n  pump and a11 

the necessary valves.  Test  pressures o f  approximately t o r r  should be poss ib le .  

Some maintenance w i l l  be requ i red  t o  p u t  the  chamber i n t o  s e r v i c e  on t h i s  program. .. 
iowever, t h e  cos ts  i n v o l v e d  should be minor  coir~pared t o  a nex chamber and pumps. 

r h i s  represents  a s i g n i f i c a n t  c o s t  savings t o  t h e  program and e l i m i n a t e s  t h e  l ong  

lead t ime  assoc ia ted w i t h  procurement o f  a s u i t a b l e  new chamber. 





PROJECT TEAM 

Babcock & Wil cox has both the managerial and 'technical capab i l i t i e s  to  perform . 
large experimental prograrns . The fusion blanket/shi,el d t e s t  program would be per- 

formed under the technical' management of the Thermal and Fluids Technology. Section 
a t  the Alliance Research Center and would be administered by the.Contract Research 

Division. Dr. P. A .  pfund i s  Manager of the Thermal and Fluids Technology sect ion.  

Mr. R.  A .  Kuchner, a Group Supervisor i n  t ha t  section, ~ s u l d  be the Pr-uyr'am Flanagcr. 
Mr. M .  Lukasik would be the contract,adrninistrator wishin .the Contract Research 

Division. 

A s t a f f  of highly qua1 i f i e d  S u p ~ o r t  Group Leaders .would a s s i s t  the Prggram 
Manager i n  the performance of the technical tasks.  The Support Group Leaders are  

Company T i t l e  Program Posit  ion 

K. E .  Kneidel Group Supervisor Heat Transfer Support Leader 

W. A .  Fiveland Research Specia l i s t  Thermal-Hydraulic Research 
Special i s t  

Group Supervisor Experimental Mechanics 
Support Leader 

J .  F. Kartin Sr. Design Engineer Designs Support Leader 

R.  3 .  Le.pucki Instrument Engineer I 1 1  Instrument and Controis 
Support Leader 

The resumes of Dr. Pfund, Mr. Kuchner, Mr. ~ u k a s i k  and each. support group leader 

fol  lows. 
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(1966-1 970) Engineer ing A s s i s t a n t  p o s i t i o n s  w i t h  t h e  General E l e c t r i c  
Co. and G a r r e t t  Corporat ion,  w i t h  p r imary  e f f o r t  c e n t e r i n g  on develop- 
mental t e s t i n g  o f  gas t u r b i n e  engines. 

' ( 1  970-Present) BAGCOCK & WILCOX 'COMPANY, as f o l  lows : 

1970-1972 Engineer i n  Nuclear Equipment D i v i s i o n ,  Barberton, Ohio. 
Responsible f o r  design and s t ress "  a n a l y s i s  o f  heavy 1  i f t i n g  equipment 
assoc ia ted  w i t h  pressure vessel f a b r i c a t i o n .  

1972-1974 Senior  S t ress  Engineer i n . N u c l e a r  Equipment D i v i s i o n ,  
Barberton, Ohio. Responsible f e r  s t r e s s  ana lys i s ,  Sccupat ional  Safety 
.& Heal t t ~  Ac t  (OSI-IA) 1 i i t i n g  ccmpl iance, and conformance t o  c o n t r a c t u a l  
requi rements on pressure vessel handl ing.  

1974-1 976 Cont rac t  Admin i s t ra to r  i n  ~ u c l e a r  Equipment D i v i s i o n ,  
Barberton, Ohio. Responsible f o r ' a l l  a d m i n i s t r a t i v e  m i i t t e rs  assoc ia ted  
w i t h  a  Naval Nuclear Reactor Vessel c o n t r a c t .  

1976-1980 Cont rac t  Manager i n  t h e  Cont rac t  Research D i v i s i o n ,  A l l i a n c e ,  
Ohio. Responsible f o r  t h e  management o f  a  v a r i e t y  o f  energy research  
and development contr -acts.  

1980-Present Senior  Cont rac t  Manager i n  t h e  Cont rac t  Research D i v i s i o n ,  
A l l i a n c e ,  Ohio, w i t h  cont inued pr imary  management f u n c t i o n s  on se lec ted  
c o n t r a c t s  i n  a d d i t i o n  t o  superv isory  responsi  b i  1  i ti es f o r  c o n t r a c t  
manager group. 

Pro fess iona l  A f f i  1 i a t i o n s :  

Pa r t - t ime  I n s t r u c t o r  a t  t h e  U n i v e r s i t y  o f  Akron, i n c l u d i n g  S t a t i c s ,  . S t r e n g t h  
o f  . Idater ia l  s, Kinematics and Management as courses i n s t r u c t e d .  , 

Licenses: 

Reg is te red Pro fess iona l  Engineer, Ohio, 1976. 



- Resume of ROBERT A .  KUCHNER,  Group Supervi sor,  Thermal & Fluids Technology Section 
All.iance Research Center, A1 1 iance, Ohio 

Education 

Newark Col lege of Engineering, BS (Mechanical Engineering), 1969 
Pennsylvania State Uni versi ty, MS (Mechanical Engineering ) 1979 

Profes-erience -- 

THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT DIVISlUN 

(Present) GROUP SUPER'IISOR, THERMAL 1 FLUIDS TECHNOLOGY. Supervises a 
group of engineers, technologist and technician responsible for  performing 
large-scal e heat transfer experiments. Experiments incl ude' cr i  t ical  heat 
flux testing for  nuclear reactor fuel p i n  assemblies and l i f e  test ing of 
boiler membrane wall panels subjected to water lancing. Faci l i t ies  include 
a $3 hi1 1 ion, 10 Mbl two-phase heat transfer research f ac i l i t y .  

(1'379-1980) SENIOR RESEARCH ENGINEER, THERMAL & FLUIDS TECHNOLOGY. 
Directed a mu1 t id i sc ip l ined  team of engineers investigating the e f fec t  

. . of water lancing of f i res ide  deposits in coal-f.ired u t i l i t y  boilers on. 
the l i f e  of boiler tubes. This large, 3-year, contract-sponsor research 
p,rogram included analytical model ing of the thermal, s t ress  and. fatigue 
crack grcwth processes, a laboratory, experiment. and a fie1 d t e s t  program. 

(1974-1979) RESEARCH E N G I M E E R ,  REACTOR TECHNOLOGY. Provided general heat 
transfer consulting services including: 

-- performing mu1 tidimensional conduction heat t ransfer  analyses. 
-- measuring themphysical  properties of nuclear yr.dclr alloys and 

reflect ive,  all-metdllic insulation. 
-- reviewing new technologies such as heat pipes, l a i e r  pulse diffusivi ty 

mcasurernea l technl ques and water cleaning o f  P o s ~ i  1 boi  1 ~ r s  . -- performing thermal erlergy surveys. 

Selected and imp1 emented advanced f i  ni t e  difference programs for  general . 
purpose, multidimensional conduction heat transfer analyses. 

Analyzed, designed a n d  numerically simulated' major components for a 
10 MW, 700 GPM, 3000 psi,  two-phase heat transfer research f ac i l i t y .  

(1973-1974) PENNSYLYANIA STATE UNIVERSITY, MECHANlCAL ENGINEERING 
DEPARTMENT, GRADUATE ASSISTANT. 



(1969-1973) UKITED STATES AIR FORCE,  ELLSWORTH A I R  FORCE BASE, 
CAPTAIN, USAF. ' 

CHIEF, OPERATiOliS AND MAINTENANCE': ~ u ~ e r v i s ' e d  a work force of 420 
c i  v i  1 i an and mi 1 i tary personnel engaged in the  maintenance, repai r and 
a l t e r a t i o n  of base f a c i l i t i e s ,  u t i l i t y  systems, miss.ile s i t e  f a c i l i t i e s  
and airdrome. The estimated cost  of these f a c i l i t i e s  and' systems was 
$260 mill ion. Annual operating budget fo r  t h i s  system was $4.4 mill ion. 

MECHANICAL ENGINEER: Designed heating, vent i la t ing,  a i r  condi ti,oning and 
f i r e  protection systems fo r  base faci  1 i t i e s .  'Supervised .Architect-  
Engineer design projects ,  including the design of a $1.2 mill ion comnissary 
s t o r e  'and warehouse. Coordinated the $1.1 mi 1 Tion base ut i  1 i ty program. 
Provided engineering consulting services for central  heating plants ,  
natural gas d is t r ibut ion  system, data processing center and composl t e  
medical fac i l  i ty.  

Professional Aff i l ia t ions :  

e Professional Engineer: Ohio, 1976 
Ameri can Society of Mechani cal Engineers, Member 
Tau Beta Pi - National Engineering Honor Society 
P.i Tau Sigma - National Mechanical Engineering Honor Society 
Who's Who in American Colleges and Universit ies,  1969 



Resume of KURT E .  KNEIDEL, Group Supervisor - Heat Transfer, Thermal & Fluids 
Technology Section, Alliance Research Center, Alliance, Ohio. 

Education: 

Pennsylvania S ta t e  Univcrsi ty,  BS (Kechanical Engineering), 1970 
The University of Akron, MS (Mechanical Engineering), 1973 

Professional Experience: 

(1981-present) THE BABCOCK & WILCOX COMPANY, RESEARCH A N D  DEVELOPMENT ,. 
GROUP. SUPERVISOR - HEAT TRANSFER, THERMAL & FLUIDS TECHNOLOGY. Supervi ses  
a group engaged i n  analytical and experimental heat t r ans fe r  work. 
Act iv i t ies  include tes t ing  and analysis  of homogeneous insulat ions and 
MIRROR a1 1 -metal ref1 ec t ive  insulation f o r  nuclear service,  design and 
eval uation of' h i g h  temperature heat exchangers, developing basic 
computational tools  f o r  radiat ion,  conduction and f r e e  convection, and 
providing general technical as.sistance i n  the solut ion of thermodynamic 
and heat t ransfer  pm.bl ems. 

(1980-1981) THE BABCOCK & '  WILCOX COMPANY, RESEARCH AND DEVELOPMENT 
DIV IS1 ON, RESEARCH SPECIALIST, THERMAL & FLU IDS TECHNOLOGY. Respons i b l  e 
f o r  c r i t i c a l  heat f lux tes t ing  technology and applications of the I 

Babcock & !Ii 1 cox Heat Transfer Faci 1 i t.y . 
(1977-1980) SENICR RESEARCH ENGINEER, THERMAL & FLUIDS TECHNOLOGY. 
Responsible fo r  design, construction, tes t ing  and analysis  o f  a s e r i e s  
of s ix  large-sca7e s inulat ions of PWR fuel assemblies. T h i s  was a 4-year 
e f f o r t  funded a t  approximately 3 n i l l i o n  do l l a r s .  These c r i t i c a l  heat 
f lux  t e s t s  involved pressurized water a t  a wide range of conditions and 
electr ical ly-heated t e s t  sections with heat fluxes up t o  3 M V I / ~ ~ .  All 
tes t ing  was conducted on the Heat Transfer Facil i t y .  Project  responsi b i l  i t i e s  
included coordination' and guidance of personnel in design, computer 
programming, instrument development, purchasing, metallurgy, welding, . . 
corrosion and tes t  f a c i l i t y  operation. 
CO-developer of a c r i t i c a l  heat f lux  detection system f o r  use in nonuniformly 
heated tube bundles based on ultrasonic  thermometry. Project  r e spons ib i l i t i e s  

. included sensor design, optimization of the system f o r  use on the Heat 
Transfer Faci 1 i t y  and supervi s.ion of cornpu ter. programmi ng and. i nstrumen tati0.n 
personnel . 
(1973- 1977) RESEARCH ENGINEER, REACTOR TECHNOLOGY. Responsible f o r  design, 
construction, c r i t i c a l  heat f lux  tes t ing  and analysi s of e l ec t r i ca l  ly-heated 
rod bundle simulations of PWR fuel .  assemblies. Testing was done on the 
2 megawatt Boiling H2at Transfer Fzc i l i t y .  Ccnducted thermal analysis  afid 
tes t ing of heat t ransfer  systems invoiving conduction, convection and 
radiation heat t ransfer .  



KURT E. UEIDEL 

(1971-1973) SENIOR ENGINEER, REACTOR TECHNOLOGY. . Conducted thermal 
ana l ys i s  and mathematical model devel opment f o r  M i r r o r  r e f 1  e c t i v e  i n s u l a t i o n .  

(1970-1971) PRATT AND UHITNEY P.IRCRAFT, FLORIDA RESEARCH AND DEVELOPMENT 
CENTER, ENGINEER, APPLIED RESEARCH. Conducted a n a l y t i c a l  design work f o r  
cool  i n g  bo th  a i r  b rea th ing  and non-a i r  b rea th ing  engine exhaust. nozzles 
under h i gh  heat f l u x .  

Pro fess iona l  A c t i v i t i e s :  

Registered Professional  Mechanical Engineer i n  Ohio 
American, Society o f  Mechani ca.1 Engineers, 'Member 
Tau Beta P i  .- Honorary Society i n  Engineering, Member, 
P i  Tau Sicjma - .Honorary Soc ie ty  i n  Nechanical Engineering, Member 
Phi Kappa Phi - Honorary Society (General Scho las t ic ) ,  Member 

presenta t ions and Pub1 i ca t i ons :  

James E.   mi t h  a n d  Kur t  E. Kneidel , "Conservation o f  Energy Through 
Advanced Thermal I n s u l a t i o n  Design", Presented a t  t he  MIRROR I n s u l a t i o n  
I n s e r v i  ce Inspect ion Symposiuin, December, 1973. 

K. E. Kneidel and P. M. Gerhart, "furthzr  C~mputations o f  Supersonic 
Free Shear Lay2rsU, Journal o f  F l u i ds  - E n ~ i n e e r i n g ,  Vol. 96, No. 4, p. 401, 
1974. 

. . A:R. Barber, K. E. Kneidel,  C.  S. F i t zgera ld ,  L. C.  Lynnworth, "U l t r a -  
sonic Temperature P r o f i l i n g  System f o r ,  Detect ing C r i t i c a l  Heat F lux  i n  
Nonuniformly Heated Tube Bundles", Journal o f  Heat Transfer ,  Vol . 101, 
No. 4, p. 622, ,1979. 



Resunie o f  WOODROW A .  FIVELAND, Research Spec ia l i s t ,  Thernlal & F l u i ds  Technology, 
A l l i a n c e  Research Center, A l l i ance ,  Ohio 

Education: 
- . .- - 

U n i v e r s i t y  o f  Nebraska, BS (Mechanical -Engineer ing),  1971 
U n i v e r s i t y  o f  Nebraska, MS (Mechanical Engineering), 1972 

.Thesis: Unsteady Channel Flow Between Porous Plates,  
Department o T Mcchani ca l  Engi I-1eer.i ng, 
L inco ln ,  Nebraska, 1972 . . 

U n i v e r s i t y  o f  Akron, PhD ( ~ e c h a n i  cal '  Engineering) 1978 
Thesis: An Ana l y t i  ca l  Study o f  Laminar and Turbul en t  Magneto-Fl u i d  

Dynamic Boundary Layer Flow w i t h  Heat Transfer  
Dcpartmerit o f  Mechdr~ i c a l  EngSneeri ng, Akron, Ohio, 1978 

L 

Professional  E 2 e r i  - .- ence: 

(1980-Present 1 THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT, 
RESEARCH SPECIALIST, THERMAL & FLUIDS TECHNOLOGY. Responsible f o r  
fn rmu la t ing  basic models o f  i n s u l a t l o n ~  heat t r a n s f e r  i n c l ud i ng  t h e  e f f e c t s  
o f  conduction, convection and r a d i a t i o n .  Radia t ion hez t  t r a n s f e r  models 
were designed t o  s imula te  simul taneous absorpt ion,  s c a t t e r i n g  and 
remiss ion of  energy. Involved i n  developing Mie s c a t t e r i n g  computer 
programs f o r  c y l i n d r i c a l  and spher ica l  bodies. Responsible f o r  f o rmu la t i ng  
var ious bas ic  computer codes which so lve  problems o f  r a d i a t i o n  heat  
t ransfer ,  and me1 t i n g  and sol  i d i f i c a t i ~ n .  

(1977-1980) UNIVERSITY OF AKRON, AKRON; OHIO,  ADJUNCT PROFESSOR. 
Responsi b l  e f o r  teachi  ng .ccurses i n  heat  t r a n s f e r  and numerical ana l ys i s .  

(1977-1980) THE BABCOCK & WILCOX COMPANY, RESEARCH .AND DEVELOPMENT, 
SENIOR RESEARCH EFICINCCR, THEflfvlAL & Fl  IlTnS TECHNOLOGY. Responsible for7 
formu' lat i  ng bas ic  i n s u l a t i o n  heat  t r a n s f e r  models i n c l u d i n g  the e f f e c t s  
of conduction, convect inn and r a d i  a t ion .  Rcsponsi b l  e f a i  fur-111ul a t 1  r!g 
bas ic  computer- corles which so l  ve prob l  enis of  r a d i a t i o n  heat  t r a n s f e r  
and me l t i ng  and s o l i d i f i c a t i o n .  

(1976- 1977) Educational leave a t  the  Un i ve r s i t y  o f  Akron. Consul tant  
t o  The Babcock & Wilcox Company, Research and Development, Reacto'r 
Techno1 ogy. 

Conducted' a study o f  f us i on  reac to rs  and the co.nnected engineer ing design 
d i f f i c u l  t i e r  w i t h  them. Col laborated i n  the development o f  a '  ccmputer 
program t o  iilonitor a h i gh  temperature, h i gh  pressure boi.1 i n g  heat  t r a n s f e r  
f a c i l  i t y .  

(1974-1976) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT, 
RESEARCH ENGINEER, REACTOR TECHNOLOGY. Experimental l y  determined c r i t i c a l  
heat  f l u x  i n  s imulated nuclear f ue l  assemblies. Conducted t e s t i n g  and 
ana lys is  of r up tu re  t e s t s  t o  benchmark nuc lear  f u e l  p i n  rup tu re  du r i ng  
a l oss -o f -coo lan t  accident .  



(1972-1974) THE RAGCOCK & WILCOX CCMPANY, ' RESEARCH AND DEVELOPMENT, 
SENIOR ENGINEER, REACTOR TECHNOLOGY.  Conducted experiments' of c r i  t i  ca? 
heat f l h  which charqacterized the thermal performance of nuclear fuel 
assembl i e s .  ~ e s i g n e d  t e s t s  to  characterize the rupture of nuclear fuel 
pins during a postulated loss-of-coolant accident. Developed a f a s t -  
response, high-tempera tu re  radiation heater. 

Professional Acti v i  t i  ~ s :  Member 

Member of ASME (K'8) technical committee on Theory and Fundamental 
Heat Transfer Research. 
Coorganizer and cochairman of a session on Heat ~ k a n s f e r  i n  Composites 
a t  ASME Winter Annual Meeting, New York, December 1979. 

Professional Aff i l ia t ions :  - 

American Society .of Mechani cal Engineers , Member , 

Si grna Tau Honorary Society i n  Engineering, Member 
Tau Beta Pi Honorary Society in Engineering, Member 
P i  Mu Epsilon Honorary Society in  Mathematics, Member 
Sigma Xi Research Honorary Society, Member 

Presentations and Publications: - -. 

W .  A: Fiveland, A.  R. Barber and A .  L .  Lowe, J r . ,  "Rupture Characteris'tics 
of Z i  r ca loy -4  Cladding with Internal and External Simulation of Reactor 
Heatina". Presented 'a t  tne Third International Conference or; Zirconiuin 
i n - t h e 4 ~ ; c l e a r  Industry, Quebec City, Quebec, 1976 and pub1 ished in 
Zirconium in the Nuclear Industry, Asnil-STP-633, pp.  36-49, 1977. 

W. A .  Fiveland and P. C. L u ,  "Transient ~oundary Layers Between Porous 
Plates" ,  Presented a t  the Winter Annual Meeting, New York, New York, 1976 
and published i n  Journal of Applied Mechanics, Vol. 98, No. 4 .  555-558, 
1976. 

M. A. Fiveland, "An Analytical Study of Laminar and ~ u r b u l e n t  Magneto- 
Fluid Dynamic Boundary Layer Flow w i  t l~ Heat Transfer", University 
Hi  crofilms, 1978. 

W. A. Fiveland an'd 0 .  T. F. Chung, "Unsteady Heat Transfer f o r  Laminar 
MFD Flow Over a F la t  PlateU,Paper No. 79WA/HT-25, Presented a t  the 
Winter Annual Meeti,ng, New York, 1979. 

W. A. Fiveland and B. T. F. Chung, "Numerical solution fo r  Heat Transfer 
i n  Turbulent MFD Boundary Layer Flow", Numeri cal Methods f o r  Non-Li near 
Problems - Proceedings of the International Conference held a t  
University Col 1 ege Swansea U .  K. , Volume 1, 1980. 

(Others furnished upon request)  



' ~ e s u m e  o f  STUART E: REED, Group Superv isor ,  Appl i e d  Mechariics Sect ion  
Research and Development D i v i s i o n ,  A l l i a n c e ,  Ohio 

EDUCATION 

Bucknel l  U n i v e r s i t y ,  Lew.isburg , Pennsylvania, BS Mechanical Engineer ing,  197C 
' . Bucknel l  U n i v e r s i t y ,  Lewisburg, Pennsylvania, MS Mechanical Engineer ing,  1970 

PROFESSIOTLAL EXPERIENCE 

(1 970-Present) EABCOCK & \dI:COX, RESEARCH AND DEVELOPMENT U l V  IS TON, 
Al l i ance ,  'Ohio, GROUP SUPERVISOR. Since j o i n i n g  Babcock ?I W i  l.cox i n  
1970 as a s e n i o r  engineer,  r e s p o n s i b i l i t i e s  have i n c l u d e d  numerous 
p r o j e c t s  i n  t h e  exper imenta l  mechanics area, b o t h  s t a t i c  arld dynamic. 
Extensive l a h o r a t n r y  and f i e 1  d exper ience w i t h  s t r a i n  gages. and 
accelerometers a t  ambient and e leva ted  temperatures, a s  we1 1 as 
p h o t o e l a s t i c  s t r e s s  a n a l y s i s  and seismic q u a l i f i c a t ' o n .  C u r r e n t l y  
group superv i so r  o f  t h e  Experimental  Mechanics Group,. w i t h  respons i -  
b i l  i t y  f o r  exper imenta l  s t r e s s  ana lys i s ,  spec ia l  t r ansduce r  desi  un , 
and r e s i d u a l  s. tress rnsasurenlent by b o t h  x - ray  d i f f r a c t i o n  and ho le -  
. d r i l l  i n g  techniques.  

PROFESSIONAL AFFILIATIONS . 

1. 
American Soc ie t y  o f  Mechanical Engineers ( 1970-Present j . 

Soc ie ty  f o r  Experinlental. S t r e s s  Ana lys i s  (1971-Pressnt) 

. SESA, Technicz l  C o m i  t t e e ;  on S t r a i n  Gages (1979-Present) 

PUEL I CAT IOKS - 
S t a t i c  and Dynarnic Ana lys is  o f  Reactor Core Support Struct0. l res, 
coauthor, American Nuclear Soc ie t y  Annual Meeting, Los V e g ~ s ,  
Nevada (June 18-22, 1972). 

A n a l y t i c a l  --.-. and. - Experimental  S t ress  Ana lys is  o f  a Cyl i nder - to -  
C l i n d e r  S t ruc tu re ,  cosut,hor, presented a t  4 t h  ~ n t e r n a t i o n a l  -5- . Con e renc i - - ' on -S t ruc tu ra l  M e ~ h a n l c s  i n  Reactor Technologj~,  
San Francisco,  Cal i f o r n i a  (August 15-1 9, 1977), and. a t  t h e  
Energy Techno1 ogy Conference and Exhi bS t l o n ,  Hous t u n ,  Texac 
(September 18-22,. 1977), ASFlE Paper No. 77-PVP-ll . , 

3 
LICENSES 

Pro fess iona l  Engineer, Ohio 

PATENTS 

U.S. $4208567, '"Gleldabl e Ins t rumen ta t i on  I n s t a l  l a t i o n  Tool  ". 



I Resume of JEFFREY F. FARTIN, Senior Design Engineer, Design Engineering Section, 
B&W Research & Developnent Div'ision, Alliance, Ohio 44501 

Educa t ion : 

Fenn Coll ege of Engineerf ng of Cleveland Sta te  University, Cleveland, 
Ohio, BME (Co-op) 1.970. 

Professional Fxperien-ce: . 

(1 966-1 969) STUDENT ENGINEER on Co-operat i ve Program. 

(Two quarters)  MORGAN ENGINEERING COMPANY, A1 1 iance, dhio, DRAFTSMAN. 

(Four quarters)  BABCOCK & WILCOX CO?IPANY, POWER GENERATION DIVISIOK, 
.Barberton, Ohio, DESIGN DRAFTSMAN, Plant Engineering. 

(One quarter)  BASCOCK & W ILCOX COMPANY, PO'dER GENERATION DIVISION, 
Barberton, Ohio, .SUPERVISORY ASSISTANT, Maintenance and Constructi,on. 

(1970-1974) BABCOCK & WILCOX COMPANY, A1 1 iance Research Center, A1 1 iance, 
Ohio, TEST ENGINEER for  mchanical tes t ing  of Maritime and Commercial 
Nuclear Reactor Components. These included hydraulic control rod dr ive ,  
r o l l e r  n u t  control rod dr ive,  fuel assembly l i f e  and vibration t e s t ing  and 
fuel assembly mechanical characterization t e s t s .  

(1974 - Present) DESIGld F:NGINEERING SECTIO!.:, SENIOR DESIGN ENGINEER. 
Responsible f o r  the design of various tes t  f a c i l i t i e s  including h i g h  
pressure piping systems and pressure vessels. Respofisibiliites include 
extensive use of t h e  ASME Boiler and Pressure Vessel Codes and.ANSI 
B.31.1 Power Piping Code. 

Licenses: 

1. Engineer i n  t ra in ing ,  Oh.io 

2. Division o f  Pressure Piping, Ohio, Special Inspector,of Pressure 
Piping 



Resume of  RICHARD J. LEPUCKI, Instrument Section, B&W Research & Development 
.'Division, Alliance, Ohio 

Education: .=-A 

Stevens I n s t i t u t e  of Technology, BE (Electr ical  Engineering), 1971 
University of Akron, Master's Program (Electr ical  Engineering) 
1974-1 976. 

Professional Experiencq ; 
P ~-- 

BABCOCK & WILCOX COMPANY, Research & Development Division 

(1978 - Present) INSTRUMEKT ENGINEER 111, INSTRUMENT SECTION. I  am 
responsible f o r  the design, development of measurement and control systems 
and related e l ec t r i ca l  and e lec t ronic  equi p r e n t ,  Areas covered include 
analog c i r cu i t ry ,  dSgi t a l  c i r cu i t ry ,  process control system analysis  
and design, industr ia l  e l  ectr-i cal power Systems and equipment, measurement 
technology and data acquisi t ion systems; 

1 have designed the  flow control and measurement system and remote data 
acquisi t ion saystem for  a f lnw r e s t r i c t o r  development test  pr-oyram a t  
a TVA power plant. I  have designed the e l e c t r i c  heater ,  flow, and 
cycling controls for a  tes t  of water lancing of f i r e s i d e  deposits of 
u t i l i t y  boi lers .  I hzve participated in t h2  star t -up o f  a large heat 
t r e a t  furnace and other heat t r e a t  f a c i l i t i e s  for  a  m3nufacturing divisior!. 
I have reviewed h i ~ h  energy spark igni tor  pwer  scpplies used f o r  i g n i t ' n g  
heavy fuel o i l s .  

(1971-1978) INSTRUMENT ENGINEER, DESIGN ENGINEERING SECTION. I  was 
responsible for the instrumentation and controls and e l e c t r i c a l  phases 
fo r  a  multi-million dol la r  heat  t ransfer  f a c i l i t y .  This included a 
fiO',OC)U amp., 10 wgawatt power supply system; f'low, temperature and 
pressure controls;  and a  400 channel computerized data acquisj t ion syst.ern. 
My other  work cover-ed a brnad varSety of s imilar  appl iea t i sns .  

E.I .  DuPCNT UeNEMOURS R COMPANY 

(1970) ENGINEERING A I D E ,  INSTKUMEtiT GROUP. I performed a study of 
rneasurenent requirements and capabi l i t ies  of in-plant equipment. 

Professional Aff i l ia t ions :  
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Brochures on the Heat Transfer Faci l i ty  and B&W Research and Development 

a re  not.included since they contain many color photographs which could not be 

reproduced for  t h i s  report .  These brochures may be obtained from EG&G Idaho 

Division of ' Fusion Technology. 







Columbia University in the City of New York I New York. N. Y. 10027 ' 

CHEMICAL ENGlNEERlNG.RESEARCH LABORATORIES 632 West 125th Street 

OF THE SCHOOL OF ENGINEERING & APPLIED SCIENCE 

212-280-4163 

MI. F. Y. Hsu 
TPE-11 Program Manager 
Fusion Technology Program 
EG&G Idaho, Inc. 
P.O. Box 1625 
Idaho Falls, Idaho 83415, 

Dear Mr. Hsu: 

This is in response to your letter of September 11th to 
Professor R.A. Gross of the Department of Applied Physics and 
Nuclear Engineering at Columbia University. 

Enclosed are responses to the questions of enclosure 2, 
together with a complete set of specifications and drawings for 
Columbia's thermal hydraulic test facility. We believe the facility 
is uniquely suited for the experimental work described, both in 
the facilities and engineering personnel available for design of the 
special test pieces required. 

Should there be any questions, please call or write the 
facility whose telephone and address are above. 

Very truly ypurs, 

W.E. Hovemeyer, ~a&er 
Heat Transfer ~ab@tor~, 

Encls. 



QUESTIONNAIRE FOR TPE-I1 FACILITY SURVEY 

1. WHAT FACILITIES DO YOU HAVE FOR CONDUCTING STEADY OR CYCLIC THERMO- 
MECHANICAL HEATING EXPERIMENTS? 

a. What is the heat source? 

The heat source is electrical energy. T h e  electrical 
heating source is ripple 'free DC current from six DC 
generators.. The steady state power available is 11.5 
megawatts; 230 volts at 50,000 amperes. Short term tran- 
sients in the millisecond region of duration ,are available 
and in excess of 25 megawatts. Intermediate duration, 
controlled transients are also available. 

b. .What is the test environment (vacuum; inert gas, etc.).? 

Two high pressure, fully instrumented water flow loops 
are available for testing. The test environment is H20 or 

D20 at pressures up to 2400 psi and temperatures of 650' F. 

Test conditions and geometries can be altered to accommodate 
other environments, i.e., vacuum or inert gas. 

c. What size and configuration of test pieces will they accommodate? 

The sizes and configuration of test pieces are unlimited. 
Provisions, however, are required for heating by direct, . 
electrical resistance heating or indirect electrical heating by 
thermal conduction or radiation. An engineering design staff 

, is available for specific applications to accommodate insertion 
in Columbia University's thermal test facility. 

d. What materials can be accommodated in the test space? 

Any material can be accommodated in the test space. 
Many tests have been conducted on water. cooled tubing for 
reactor studies. The tubing has been stainless steel, aluminum 
or inconel, however any water cooled geometry can be accommodated 

' . for testing. 

e. What range of temperatures and/or power can be achieved? 

Temperature ranges possible are limited only by tempera- 
ture limits of material. Water cooled geometries can be 
tested in a water loop with temperatures 70° - 650' F and 
pressures up to 2500 psia. 

The power is DC, ripple free electrical current: 
Steady State: 11.5 megawatts - 230 volts, 50000 amperes, DC 
Controlled Transient, medium duration - 15 megawatts 1-5. seconds 
Short Time Transient - 30 megawatts - millisecond pulse. 
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I.£. What are the rise and decay times of temperature/power in 
these facilities? 

Temperature rise and decay in a test material is a 
function of test piece mass, geometry and power transients 
available. 

Power Tra.n.s ientx 
a - 3  Rise Time - 10 X 10 seconds 

Beca.y Time - 10 X 10 
-3  

seconds 

As m.entioned above the rise and decay times can be 
lengthened and contrall.ed by input prografnming the DC 
generator system. 

g. What capability exists for active cooling of a test piece 
in these facilit-ies? 

':L'est pieces are cooled by pumping water past them.  h he 
water is cooled by an automated system'of shell and tube heat 
exchangers and a bypass line. The secondary system is supplied 
by'th~ee pumps having a capacity of.800 gpm. The secondary-side 
coolant is well water at an average temperature of 64OF. The 
wells are located on-site. 

h. How are these faci-lities instrumented? 

The high pressure water flow loops are fully instrumented. 
All pertinent power, flow, temperature and pressure readings 
are collected and recorded on magnetic tape. All vital para- 
meters are measured by at .least two indepelldent instruments. 
A computer controlled data acquisition system scans 120 chan- 
nels, records data on magnctic tape, and p ~ r f c r m ~  on line data 
reductinn. Thi3 sysleln has high speed capabilities and has 
been used for transient work. 

~ransducers available are as follows: 

1. Pressure - water or gas - 0 - 3000 psia 
2. Differential pressure - 0 - 200 psid, 3000# gage 
3. Turbine flow meters - 0 - 500 GPM, water 
4 .  Sheathed, th~rmocouples, many types and capable of measure- 

ment to 2000 F at 3000 psia 

5. Infra-Red temperature analyzer 

6. Venturi flow meters - 0 - 500 GPM 
7. Electrical system, voltage, current, power 

All transducers have electrical outputs which are con- 
nected to shielded wires from any test area. The shielded, 
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1.h. Continued . 

low level systems are grounded to provide noise-free signal 
transmission. Instrumentation subject to high,common mode 
voltage are isolated by means of amplifiers having common 
mode isolation. nf 700 volts. All tra~isduoer ci.rcuits are 
provided with.externa1 rekerence ealibrst.ion in the main 
instrument room center, where complete programming of all 
instrumentation is available. Signal outputs are multiplexed 
by a high speed multiplexer rated at 45 KHz multiplex £re- 

quency and, enabling use of multiplexer for transient studies, 
all multiplexed signals are connected to a 2100 A, Hewlett 
Packard on line computer. Teletype.terminals for computer 
operation are available at all test locations. CRT readouts 
are located in the computer room. On line data reduction of 
variables and computed data can be made on demand from the 
test location. All experimental data is recorded on .magnetic 
tape. 

Complete instrumentatio'n and diagrams are shown in the 
attached specification sheets. 

i. What is the availability and approximate operating cost of 
these facilities? 

The Heat Transfer Research Facility (HTRF) is part of 
Columbia Un.iversity, and is the'refore run on a non-profit 
basis. Direct cost plus overhead is charged to each sponsor. 
This non-profit status, plus a small full-time staff is 
responsible for generally keeping costs below what they are 
at other laboratories for simi1a.r work. 

. . 
The HTRF is available for use by all appropriate sponsors. 

Test programs are scheduled according to work commitments; 
these schedules are taken seriously, and are usually met. 

j. What supporting facilities are available, e.g., machine shops, 
analvtical laboratories, etc.? 

Complete machine shops are available at the facility and 
at Columbia University's main campus. The machine shops are 
capable of precision machine work. The facility has available 
complete chemical analytical laboratories and metals labora- 
tories including stress analysis, failure regimes of metals, 
vibration and metal fatigue using acoustical techniques. The 
facility also houses electronic shops, computer center, photo- 
graphic shop and welding shop. 
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1 .k .  What are the numbers and qualifications of personnel available 
to support tests in these facilities? 

Personnel Available at Facility 

5 Staff Engineers, Mechanical, El-ectrica.1, Inatrunentation 
Colaputer , Nuclear and Prn j ect 

2 In~trurnen~tation Technicians 

. 5 Mechanical Technicians aucl Shop Personnel 

5 Administrative Supporting. Staff Members 

Qualified qonsud tants in L l r e  areas of Chemistry, 
Nuclear, materials and metals, structural analysis and 
applied physics are available from the staff of Columbia 
University. 

All above personnel have ail avefage of 20 years 
expe.cience. 

1. What other aspects of thesc facilities would be pertinent to 
tests of this 'type? 

A background'of 30 years in the heat transfer field 
together with the most complete data in the country on fuel 
rod tests as applied to nuclear reactor cores to determine 
critical heat flux in reactor cores under operating conditions 
and'also failure modes. The above data includes .blow down and' 
transient data which was done extensively at Columbia University. 

2. WITH RESPECT TO THERMAL-HYDRAULIC TEST FACILITIES, PLEASE ANSWER 
(a) T H R O U ~ V E  AND THE FOLLOWING ADDITIONAL QUESTIONS. 

a. What is t h e  oonfiqu~dtjbn of the facility (circulation loop, 
b-lowduwn, two-phase, etc. ) ? 

Two high pressure flow loops capable of blowdown and 
two-phase operation are available. The attached notes contain 
specifications and schematic drawings of these loops. Con- 
struction is of such a nature as to enable easy and rapid 
alterations, when necessary. 

b. What fluids can be used? (H20, gas, liquid metal, etc.) 

The two high pressure loops presently use H 0 or D20 as 
2 ,  

the working fluid., However, alterations can be made to enable 
the use of inert gasses or vacuum. 

c. What heat sources and sinks are available? 

The heat source available is electric current provided 
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2. c. Continued 

by six DC generators. A maximum of 11.5 MW is produced, 
comprised of 230 volts and 50,000 amps. 

The heat sink is well water pumped from on-site wells 
through an automated heat exchange system. Presently 800 gpm 
of well water at 6 4 O ~  is available for cooling. Additional 
pumping capacity can increase this flow limit, if necessary. 

d. What flow rates, pressures, pressure drops, velocities, etc., 
. can be attained? 

These parameters are presently as follows: 

Maximum pressure, psia 2400 

Maximum test section flow, gpm 850 

Head developed by pump, ft. of water 600 

However, alterations in piping will result in different 
flow rates and velocities, as required. 

3. WHAT CAPABILITY DO YOU HAVE FOR PROVIDING NUCLEAR HEATING? 

There are no nuclear heating facilities available for 
this termal hydraulic facility. 



' S e c t i o n  1 

C X E C I J T T V E  SUMMARY 

T h e  o p t i m i z i n g  o f  n u c l . e a r  p o w e r  r e a c t o r  d e s i g n  f o r  e f f i c i e n c y  

o f  n o r m a l  o p e r a t i o n  a n d  f o r  s a f e t y  a g a i n s , t  a b n o r m a l  o r  e x t r e m e  

c o n t i n g e n c i e s  r e q u i r e s  a '  t h o r o u g h  a n d  a c c u r a t e  u n d e r s t a n d i n g  

o f  t h e  h e a t  r e n i o v d l  mechanisms a n d  c a p a b i l i t i e s  i n  t h e  r e a c t o r  

c o r e .  T h i s  i s  t h e  a r e a  o f  n u c l e a r  t h e r m a l - h y d r a u l i c s .  

 h he H e a t  T r a n s f e r  R e s e a r c h  F a c i l i t y  w a s  f o u n d e d  b y  t h e  AEC 

a n d  d u P o n t  a t  C o l u m b i a  U n i v e r s i t y  i n  1 9 5 0  t o  p e r f o r m  w o r k  i n  t h e  

n u c l e a r  t h e r m a l - h y d r a u l i c  a r e a .  P l a c e d  i n  t h e  c u r r e n t  C h e m i c a l  

E n g i n e e r i n g  R e s e a r c h  S t a t i o n ,  i t  f i r s t  t a c k l e d  t h e r m a l - h y d r a u l i c  

q u e s t i o n s  f o r  t h e  l o w  p r e s s u r e  S a v a n n a h  R i v e r  p r o d u c t i o n  r e a c t o r s ,  

t h e n  a n  A E C - C a n a d a  c o o p e r a t i v e  h e a v y  w a t e r  p o w e r  p r o g r a m .  E v e r  

s i n c e ,  i t  h a s  r e m a i n e d  i n  t h e  s u p p o r t  o f  U.S. a n d  f o r e i g n  g o v e r n -  

m e n t s  a n d  i n d u s t r y .  

T h i s  s p e c i f i c  p r o g r a m  s u p p o r t e d  b y  t h e  E l e c t r i c  P o w e r  

R e s e a r c h  I n s t i t u t e  w i l l  a s s i s t  t h e  F a c i l i t y ,  w h i c h  a s  a  n o n -  

p r o f i t  i n s t i t u t i o n  c a n n o t  a c c u m u l a t e  s u b s t a n t i a l  f u n d s  f o r  n e w  

e q u i p m e n t  f r o m  o p e r a t i n g  c h a r g e s ,  t o  e x p a n d . i t s  t h e r m a l  p o w e r  

a n d  t h e r m a l - h y d r a u l i c  c a p a b i l i t i e s .  T h i s  w i l l  p e r m i t  s t u d i e s  

o f  i n c r e a s e d  h e a t  g e n e r a t i o n  d e n s i t i e s ,  o p e n  c o r e  s t r u c t u r e s ,  

h y p o t h e t i c a l  m a l f u n c t i o n s ,  l a r g e r  c o r e  s i m u l a t i o n s ,  e t c . ,  t o  

i m p r o v e  s t i l l  m o r e  t h e  a c c u r a c y  w i t h  w h i c h  d e s i g r l  o p t i m i z a t i o n s  

c a n  b e  c a r r i e d  o u t .  T h e  i o l l o w i n g  s e c t i o n s  o f  t h i s  s u m m a r y  d e a l  

s e q u e n t i a l l y  w i t h  t h e  n u m b e r e d  s e c t i o n s  o f  t h i s  r e p o r t .  

T h e  s a f e t y  a n d  6 p e r a t i o n a l  l i m i t s  o f  a  n u c l e a r  p 6 w e r  r e a c t o r  

a r e  s t r o n g l y  i n f l u e n c e d  b y  t h e  s t e a d y  s t a t e  a n d  t r a n s i e n t  t h e r m a l -  

h y d r a u l i c  b e h a v i o r  o f  t h e  h e a t  g e n e r a t i n g  c o r e  i n  t , h e  r e a c t o r .  



W i t h  t h e  i n c r e a s e d  u t i l i z a t i o n  of n u c l e a r  r e a c t o r s  f o r ' p o w e r  

g e n e r a t i o n ,  t h e  n e e d  f o r  e x t e n s i , v e  a n d  r e l i a b l e  u r i d e r s t a n i l i l l y  

o f  r e a c t . n x  t h c r m a l - h y d r a u l i c s  a s s u m e s  a  p r o m i n e n t  r o l e ,  The 

a r e a s  i n  w h i c h  r l e r i g n  all& r e s e a r c h  i n f o r m a t i o n  a r e  n e e d e d  f o r  

e s t a b l i s h i n g  t h . e  o p e r a t i o n a l  a n d  s a f e t y  l i m i t s  a r e :  

a .  C r i t i c a l  l r u ~ e  * l u x  l i m i t a t i o n s  u n d e r  s t e a d y - s t a t e  
a n d  t r a n s i e n t  c o n d i . t i o n s  o v e r  a  w i d e  r a n g e  o f  p r o c e s s  
parameters f o r  o p e r a t i n g  a n d  p o s t u 1 a t e . d  a c c i d e n t  
c o n d i t i o n s .  

b .  I n t e r - f u e l  a s s e m b l y  m i . - c l ~ ~ g  s t u d i e s  of l a r q e  o p e n -  
l a L L i e e  P W R  c o r e s .  

c .  S t e a d y - s t a t e  a n d  t r a n s i e n t  b e h a v i o r  o f  l a r g e  o p e n -  
l a t t i c e  P W R  c o r e s .  

d .  I m p r o v e d  d e t a i l e d  m e a s u r e m e n t  o f  l o c a l  fa u i d  c o ~ l -  
d i t i o n s '  i , n  r o d  a ~ r a y s .  

e .  T r a n n i e n ' t  t w o - p h a s e  f l o w  a n d  h e a t  t r a n s f e r  u n d e r  
l o s s - o f - c o o l a n t  a n d  l o s s - o f - [ l o w  c o n d i t i a l ~ s .  

\ 

f .  H e a t  t r a n s f e r  a n d  d e s i g n  e v a l u a t i o n  o f  e m e r g e n c y  
c o r e  c o o l i n g  s y s t e m s .  

M o s t  o f  t h e s e  e x p e r i m e n t s  a r e  i n t e n d e d  t o  p r o v i d e  d e s i g n .  

d a t a  a s  w e l l  a s  t o  s u b s t a n t i a t e  a n d  v a l i d a t e  t h e  t h e o r e t i c a l  

m o d e l s  u s e d  i n  r e a c t o r  a n a l y s e s .  

T h e x c  e x i s t . .  TWO s e t s  o f  m o t o r - g e n e r a t o r  ( M G )  set& a t  tile 

f a c i l i t y ,  o ~ ~ e  l o c a t e d  i n  t h e  b a s e m e n t ,  t h e  o t h e r  i n  t h e  d r i v e -  

w a y .  T h e  o r i g i n a l  b a s e m e n t   set c n n s i c t s  01 ci $ b n g l c  1 3 . 8  k V ,  

5 , O U U  HP A . C .  rnoLur  connected to t w o  1 7 5 0  k w ,  1 7 5  v ,  1 0 , 0 0 0  

a m p e r e  D . C .  G e n e r a t o r s ,  a n d  a  4 0  k W  e x c i t e r  f0 . r  t h e  m o t o r  a n d  

a  1 0  k W  e x c i t e r  e a c h  f o r  t h e  g e n e r a t o r s .  T h e  f o u r  d r i v e w a y  s e t s  

a l l  h a v e  1 3 . 2  k V ,  2 1 0 0  HP A . C .  m o t o r s  c o n n e c t e d  t o  1 5 0 0  kW, 

2 5 0  V ,  6 , 0 0 0  a m p e r e  D . C .  G e n e r a t o r s .  

S t a r t - u p  o f  t h e  e l e c t r i c a l  s y s t e m  r e q u i r e s  a  p r o c e d u r e  o f  

3 5  s t e p s .  N e c e s s a r y  p r i m a r y  a n d  s e c o n d a r y  p r o t e c t i o n s  a r e  p r o -  

v i d e d  i n  t h e  o p e r a ' t i n g  c i r c u i t s .  



The int-.r:rcor1ncct.ion:-; o f  t h e  MG s e t s  may b e  v a r i e d  t o  o b t a i n  

v a r i o u : ;  mnx ill~um [>owe.r:; tior: t h c  te : i  t sect i o n s .  The o r i g i n a l  

s c h e d u l e  o f  i n t e r c o n n e c t i o n s  o f  t h e  6 g e n e r a t o r s  i s  g i v e n  i n  

T a b l e  1.1 h e r e w i t h .  

W h i l e  t h i s  s c h e d u l e  c o u l d  b e  f o l ' l o w e d  a t  p r e s e n t . ,  t h e  c o o l i n g  

t i m e  back  t o  a  s t a r t i n g  c o l d  c o n d i t i o n  would  b c  v e r y  s i ~ b s t a n t i a l ,  

and  a  r a p i d  s c h e d u l e  o f  r u n s  c o u ' l d  n o t  b e  r n d i l l L a i n c d ,  T h e r e f o r e .  

s u b s e q u e n t l y  i t  was d e c i d e d  t o  a c q u i r e  a  v a r i a b l e  t a p  t r a n s f o r m e r  

and  f u l l - w a v e  55 V D . C .  r e c t i f i e r  t o  b o o s t  t h e  1 7 5  V o u t p u t  o f  .W 

t h e  o r i g i n a l  ( b a s e m e n t )  g e n e r a t o r s  t o  230 V ,  s o  t h a t  i t  c a n  b e  

p a r a l l e l e d  w i t h  t h e  d r i v e w a y  g e n e r a r o r s .  T h i s  u t i l i x ~ s  t h e  .. 
maximum v o l t a g e  an'd c u r r e n t  o f  a l l  g e n e r a t o r s ;  t h e  a r r a n g e m e n t  

i s  d e s c r i b e d  i n  S e c t i o n  4 .  S u b s e q u e n t l y ,  i t  was  d e c i d e d  t o  

d o w n - r a t e  t h e  s y s t e m  f o r  g r e a t e r  r e l i a b i l i t y  a n d  s a f e t y .  .   he 

maximum D . C .  t e s t  power  o b t a i n a b l e  on t h i s  b a s i s  r e m a i n  a b o u t  

t h e  same a s  i n  T a b l e  1 .1 

A l t h o u g h  t h e  r o o t  mean s q u a r e  r i p p l e  o f  t h e  t r a n s f o r m e r  and  

r e c t i f i e r  a r e  a b o u t  4 . 2 %  o f  t h e  r e c t i f i e d  v o l t a g e ,  a  much s m a l l e r  

RMS f l u c t u a t i o n  i s  o b t a i n e d  i n  a c t u a l  u s e .  The maximum i t  c a n  

r e a c h  i s  4 . 2 8  o f  55 v o l t s  a t  1 1 , 0 0 0  a m p e r e s  i n  s e r i e s  w i t h  1 7 5  

v o l t s  o f  D . C . ,  w h i l e  i n  p a r a l l e l  w i t h  9 , 0 0 0  a m p e r e s  w i t h o ' u t  

f l u c t u a t i o n .  T h i s  y i e l d s  r o u g h l y  a n  o v e r a l l  r i p p l e  o f  0 . 7 % .  

~t e i t h e r  l o w e r  v o l t a g e s  o r  l o w e r  c u r r e n t s  i t  r e d u c e s  f u r t h e r .  

A maximum v o l t a g e  o f  1 8 0  V D . C .  w i t h  c u r r e n t s  o f  5 8 , 0 0 0  

a m p e r e s  ( 1 0 . 4  M W )  c a n  b e  o b t a i n e d  w i t h o u t  p e r c e p t i b l e  r i p p l e ,  

o r  t o  240 v o l t s  D . C .  and.  4 7 , 0 0 0  a m p e r e s  ( 1 1 . 3  M W )  c a n  be  o b t a i n e d  

w i t h o u t  r i p p l e .  . 

The A . C .  po,wer s y s t e m  i n c l u d e s  two 1 3 . 2  k V .  7  M W  f e e d e r s  

f r o m  t h e  C o n s o l i d a t e d  E d i s o n  Company, w i t h  s p e c i a l  i n t e r l o c k s  

t o  p r e v e n t  f e e d b a c k  f r o m  o n e  t o  t h e  o t h e r  f e e d e r  i n  t h e  e v e n t  

o f  a  f a u l t  o r  g r o u n d .  I n t e r r u p t i n g  c a p a c i t y  f o r  t h e  f e e d e r s  

i s  2 5 0 , 0 0 0  kVA. 



I n  t h e  e v e n t -  o f  a t r i p  f a u l t  un a n  A . C .  b r e a k e r ,  a l l  D . C .  

b r e a k e r s  a r e  a l s o  t r i p p e d  o u t ; o p e n i n g  t h e  f e e d b a c k  l o o p  b e t w e e n  

t h e  two 1 e e d e r s . a n d  p r e v e n t i n g  a  D . C .  m o t o r  o v e r s p e e d .  

P r o t e c t i o n  a g a i n s t  s y n c h r o n o u s  m o t o r  f i e l d  f a i l u r e  i s  p r o -  

v i d e d  by a n  i n e r l o c k  t h a t  s e n s e s  s q u i r r e l  c a g e  c u r r e n t s  ( t . h a t  

i l l c r e a s e  t o  a  h i g h  l e v e l  d u r i n g  a  f i e l d  f a i l u r e )  a n d  trips t h e  

A . C .  o i l  c i r c u i t  b r e a k e r .  

F o u r  l o o p s  a r e  a v a i l a b l e  i n  t h e  F a c i l i t y  f g r  t h e r m a l -  

11ydrau l i . c  t e s t i n g .  A l l  c a n  accommoda te  h e a t e d  l e n g t h s  u p  t o  

1 2 . 5  f e e t ,  o r  l o n g e r  i f  n e c e s s a r y .  A l l  a r e  s e r v i c e d  by t h e  

a b o v e  power s y s t e m .  Two a r e  "medium" t o  " h i g h "  p r e s s u r e  and 

two a r e  " low"  p r e s s u r e  l o o p s .  The "medium p r e s s u r e "  l o o p  g o e s  

t o  2 4 0 0  p s i a  and 5 5 0 . g p m ,  a n d  d e v e l o p s  up t o  6 0 0  f e e t  o f  w a t e r  

h e  a d .  'l'he " E S A D A "  l o o p  i s  r a t e d  t o  3500 p s i a  e x c e p t  f o r  t h e  ' 

p r e s e n t  pumps,  r a t e d  a t  2500 p s j a  a n d  6 5 0  F .  Maximum Llow is 

400 gpm. 

Two low p r e s s u r e  l o o p s  a r e  a l s o  a v a i l a b l e , .  The Emergency 

C o r e  C o o l i n g  S y s t e m  (ECCS) l o o p  s i m u l a t e s  a  s i n g l e  PWR f u e l  as- .  

s e m b l y  w i t h  c o r r e s p o n d i n g  r e p r e s e n t a t i v e  r e a c t o r  v e s s e l ' v o l u m e s  

a t  t h e  t o p  and b o t t o m ,  a n d  p e r m i t s  t e s t i n g  o f  c o n d i t i o n s  f o r  

f u e l  r o d  c o o l i n g  a f t e r  a  h y p o t h e t i c a l  loss-nf - c o o l a n t  a c c i d e n t .  

T h e  T,ow P r e ~ ~ u r c  T h e r m a l - H y d r a u l i c  Loop h a s  b e e n  u s e d  f o r  

v a r i o u s  f u e l  e l c m c n t  h e a t  L i d n s f e r  t e s t s  i n  t i ! e  1 0 0  p s i  r a n q n  

Each l o o p  h a s  i t s  own i n s t r u m e n t a t i o n  s y s t e m  a n d  c o n t r o l  

room f o r  l o o p  o p e r a t i o n ;  t h e y  a l l  s h a r e  t h e  w e l l - w a t e r  s y s t e m  

f n r  , h e a t  r e j e c t i o n ,  t h e  i n c i p i e n t  b u r n - o u t  d e t e c t i o n  r e c o r d e r s  

a n d  a  c o m p u t e r  c o n t k o l l e d , d a t a  a c q u i s i t i o n  s y s t e m .  Each l o o p  

i s  e q u i p p e d  w i t h  p r e s s u r e ,  t e m p e r a t u r e  and f l o w  r e c o r d e r s ,  

c o n t r . o l l e r s  a n d  i n d i c a t o r s .  The c o n t r o l  roams  a . l s o  c o n t a i n  t h e  

s a f e t y  i n d i c a t o r s  a n d  c o n t r o l l e r s  f o r  t e s t  s e c t i o n  p o w e r ,  pumps,  

pump s e a l  c o o l i n g  a n d  o t h e r  a u x i l i a r y  p r o c e s s  p a r a m e t e r s  o f  t h e  

r e s p e c t i v e  l o o p s  t h e y  s e r v i c e .  



s 

The Compute r  C o n t r o l l e d  D a t a  A c q u i s i t i o n  S y s t e m  iCCDASj i s  

c e n t e r e d  a r o u n d  a  H e w l e t t  P a c k a r d  2100 c o m p u t e r  w i t h  a  3 2 k  word 

memory. The c o m p u t e r  i s  i n . t e r f a c e d  w i t h  a  HP7970B d i g i t a l  

m a g n e t i c  t a p e  and  a 1 5  MByte ,  HP7905 d i s c  s y s t e m  f o r  o n l i n e  and  ' 

o f f - l i n e  d a t a  s t o r a g e .  A h i g h  s p e e d ,  112  c h a n n e l ,  m u l t i p l e x e r  

d a t a  a c q u i s i t i o n  s y s t e m  w i t h  8kHz s a m p l i n g  c a p a b i l i t y  an.d a  200 

channe .1  low s p e e d  s y s t e m  w i t h  1OHz s a m p l i n g  c a p a b i l i t y  i n t e r f a c e  

t h e  a n a l o g  e x p e r i m e n t a l  d a t a  w i t h  t h e  c o m p u t e , r .  The m u l t i p l e x e r  

s y s t e m  i s  a l s o  c a p a b l e  qf p r o v i d i n g  two a n a l o g  s i g n a l s  u n d e r  . 

p r o g r a m  c o n t r o l .  T h e s e  s i g n a l s  a r e  u s e d  t o  a c t i v a t e  s a f e t y  ' 

r e l a y s  i n  t h e  t e s t  s e c t i o n  p o w e r  c i r c u i t .  I n  a d d i t i o n  t h e r e  i s  

a  v i s u a l  b a r a g r a p h i c  d i s p l a y  u n i t  w i t h  a h i g h  s i g n a l  r e l a y  

o p e r a t i o n  c a p a b i l i t y . '  Any p r e d e t e r m i n e d  8 0  s i g n a l s  c a n  b e  

c o n n e c t e d  t o  t h i s  u n i t .  An A S R  3 3  t e l e t y p e  a n d  a  HP2640 C R T  

t e r m i n a l  a r e ,  u s e d  f o r ' o p e r a t o r  c o m m u n i c a t i o n  w i t h  t h e  s y s t e m .  

T h e s e  u n i t s  c a n  b e  l o c a t e d  i n  a n y  o f  t h e  l o o p  o p e r a t i n g  a r e a s .  

O t h e r  p e r i p h e r a l s  t o  t h e  c o m p u t e r  a r e  a  p l o t t e r ,  a  t e r m i n a l  

p r i n t e r  a n d  p a p e r  t a p e  p u n c h  a n d  r e a d e r  u n i t s .  D u r i n g  e x p e r i -  

m e n t a l  o p e r a t i o n  a  c o r e  r e s i d e n t  p r o g r a m  e n a b l e s  d a t a  r e a d  o u t ,  

r e c o r d i n g  a n d  r e d u c t i o n .  



Heat Transfer Research Facility - Ratings o t  D.C. Power Supply 

A. Ratings of Individual D.C. Generators.: 

Operatinq  ax ' Amps Time MW 

Old (2) 175 10,000 Continuous 1.75 

175 11,000 2, Hours 1 - 9 3  

New (4) 230 6,000 Cont.i.nuous 1 - 3 0  

230 ' 7,50.0 2 Hours 1.73 

0 .  R a t i n q s  nf  ? n1d Plus 2 New Generators Prior to Present 
1lpgradi.ng 

Parallel 175 32,000 Continuous 5 . b  
Operation 

Series-Parallel 230 , 22,000 Continuous 5.06 
Operation 

C. Ratings of 2 Old P,lus 4 New Generatbrs After the Current 
U p g r a d  i n g  

Paralie1 1 '/ !J 4 4 , 0 0 0  C u l l  L i l l  crous 7.7 
Operation 

Parallel With .2 3 0 44,000 Continuous 10.12 
Rectifier 
Booster 
Operation 

50,000 2 Hours 



Section 2 

.INTRODUCTION 

2.1 GENERAL BACKGROUND 

The safety and operational limits of a nuclear power reactor are 

stronqly influenced by the steady state and transient thermal- 

hydraulic behavior of the heat qenerating core in the reactor. 

With.the increased utilization of nuclear reactors.for power 

generation, the need for extensive and reliable understanding of 

reactor thermal-hydraulics assumes a prominent role. .In view of 

the apparent complexities, such,.studies are carried out by well 

controlled out-of-reactor simulation studies. The areas in which 

design and research information are needed for substantiating the 

operational and safety limits generally fall into the following 

categories: 

a. Critical heat flux limitations under steady state 
and transient conditions over a wide range of pro- 
cess parameters anticipated under operating condi- 
tions and under postulated accident contiitions of 
nuclear reactor cores. 

b. Thermal-hydraulic behavi.or of large open lattice 
cores of Pressurized Water Reactors (PWRs). 

c. ' Heat transfer behavior beyond critical heat flux 
under. steady state and transient conditions. 

d. improved and detailed measurements of.fluid local 
conditions within rod ar,rays.: . 

'e. Transient (under loss of coolant and loss of flow 
conditions) two.-phase flow and heat .trans£ e.,r 
studies with improved instrumentation. 

f. ' Heat transfer and design evaluations of emergency 
core cooling systems. 

Most of these experiments are intended to provide design data 

as well as to substantiate and validate the theoretical models 

used in reactor analyses. 



All the above studies, in general, are conducted by out-of 

reactor simulaLion. These thermal-hydraulic simulations are'ac- . 

complished by creating reactor environments in closed loops. The 

heat generation .in the sim.ulated fuel rods is achieved by using 

electrical power. Thus the size of the model is usually dictated 

by the capacity of the power source available. Over the years, 

t . h e  Co.li~ml:tia U n i v c ~ s i t y  Heat Transfer Research Facility has bcel-I 

a major source of such ther~i~al-hydraulic experimental data. 

There are four major thermal-hydraulic luups in use at this fa- 

cility. All four loops receive power frpm t h e  facility U.C. 

pvwer system. 

When the Columbia Heat Transfer Research Facility was es- 

tablished in 1950, two D.C. g e n e r a t o ~ s  were installed with a 

rat.inrJ of 3.5 MW. 'l'hpsp g e n c r o t o ~ s  Were 1 , o r a t e d  ill the basement, 

A I I ~  they are identjfied as "basement generators". As time passed 

and the problems crf'modclinq became morc evident, the need for 

larger, higher-powered experiments became compelling. Accord- 

ingly,'the Atomic Energy Commission, through the USAEC/AECL Co- 

operative Program for the.Development of Heavy Water Reactors 

(with substantial contribuLions from the nuclear industry) funded 

an upgrading of the power system. Four identical reconditioned 

motor-generator sets, each with a short tern1 rating of 1.725 MW, 

were purchased in 1968 and installed,on the ground floor of the 

buildi-ng. These sets a r e  identified as "driveway generators". 

Two of the driveway sets were cvnnected electrically to operate in 

parallel with thc baselrlent sets. The resulting available power 

then became 6.5 MW. Due to the'high power Jerisities in nuclear 

reactors, 6.5 MW enabled the simulation of only a fraction of a 

sj.ngle fuel assembly of a typical PWR. Howe,ver, the recently 

completed uprat'ing of the power by commissioning all the driveway ' 

generators and.upyrading the units in service brought the avail- 

able power to 11.5 MW.. 

An analytical study funded by EPRI (RP-345, Task B) was per- 

formed to determine the experiment size required to satisfy modcl- 

ing concerns, and to compare the equipment requirements for these 

experiments with the facilities available at Columbia, with par- 



t i c u l a r  e m p h a s i s  on t h e  n o m i n a l  1 1 . 5  M W  power c a p a b i 1 i t . y  w h i c h  

would  r e s u l t  f rom t h e  u p r a t i n g  o f  t h e  power s u p p l y .  The r e s u l t s  

o f  t h i s  s t u d y  i n d i c a t e d  t h a t  v a l u a b l e  experimental work c o u l d  b e  

c o n d u c t e d  w i t h  1 1 . 5  MWnthat would  s i g n i f i c a n t l y  r e d u c e  u n c e r t a i n t y  

d u e  t o  m o d e l i n g .  

2 : 2  D.C. POWER S U P P L Y  UPRATING 

This r e p o r t  p r e s e ' n t s  t h e  u p r a t e d  power  s y s t e m  d e s i g n e d  and  in '-  

s t a l l e d  a t  t h e  'Heat  T r a n s f e r  R e s e a r c h  F a c i l i t y  o f  C o l u m b i a  Univ-  

e r s i t y .  The power  p r e v i o u s l y  a v a i l a b l e  was g e n e r a t e d  f r o m  f o u r  

D . C .  g e n e r a L o r s  w h i c h ,  when o p e r a t e d  i n  p a r a l l e l ,  g e n e r a t e d  6 . 5  

m e g a w a t t s  a t  1 7 5  v o l t s ,  t h e  o u t p u t  power b e i n i  c o n t i n u o u s l y  v a r i -  

a b l e  f r o m  z e r o  t o  f u l l  p o w e r .  T h e  n o r m a l  power  r a n g e  o r i g i n a l l y  

, c o u l d  b e  c o n v e r t e d  t o  o p e r a t i o n  a t  a  maximum v o l t a g e  o f  230 v o l t s  

D . C .  by r e c o n n e c t i n g  two g e n e r a t o r s  i n  s e r i e s  a n d  o p e r a t i n g . i n  

. p a r a l l e l  w i t h .  t h e  r e m a i n i n g  two  g e n e r a t o r s ;  r e s u l t i n g  i n  a  maxi -  

mum power  o f  6 . 0  MW. 

The c h a n g e s  i n  t h e  s y s t e m  a r e  d e s i g n e d  t o  g e n e r a t e  230 v o l t s  

D.C.., 5 0 , 0 0 0  a m p e r e s ,  a  t o t a l  g e n e r a t i o n  o f  1 1 . 5  m e g a w a t t s .  Th i s '  

o u t p u t  i s  a c c o m p l i s h e d  by a d d i n g  a  v o l t a g e  o f  55  v o l t s  ( b y  u s i n g  

r e c t i f i e r s )  i n  s e r i e k . w i t h  t h e  two g e n e r a t o r s  r a t e d  a t  1 7 5  v d l t s .  

I n  a d d i t i o n  t o  t h e  v o l t a g e b o o s t  i n  t h e s e  two g e n e r a t o r s ,  two o t h e r  

g e n e r a t b r s  a r e  a d d e d  t o  t h e  s y s t e m ,  which  a l s o . w i l 1  p r o d u c e  an' 

o u t p u t  o f  230 v o l t s .  The r e c t i f i e r s  w ' i l l  be. o p e r a t e d  i n  a  t h r e e -  

p h a s e ,  f u l l - - w a v e  b r i d g e  mode a t  a  v o l t a g e  o f  230  v o l t s .  T h i s  

e l i m i n a t e s  t h e  u s u a l  s i d e  e f f e c t s  o f  c u r r e n t  d i s t r i b u t i o n  f rom 

h a r m o n i c s . t o g e t h e r  w i t h  t h e  p r o b l e m  o f  i r r e g u l a r  t u b e  ' h e a t i n g . a f -  

f e c t e d  by e d d y  c u r r e n t  a n d  h y s t e r e s i s  l o s s e s ,  p r o x i m i t y  e f f e c t s  

and  s k i n  r a t i o s  w h i c h  o c c u r  p a r t i c u l a r l y  i n  , t h i c k  w a l l  t u b i n g .  

The s i x  g e n e r a t o r s  o p e r a t i n g  i n  p a r a l l e l  w i l l  g e n e r a t e  a  n e a r l y  

p u r e  D . C .  v o l t a g e .  . . 

The i n c r e a s e d  power  f r o m  t h e  D.F.  g e n e r a t o r s  c a u s e s  a n  

i n c r e a s e  i n  t h e  power  r e q u i r e d  f r o m  t h e  1 3 . 2  kV h i g h  v o l t a g e  

f e e d e r s ,  w h i c h  a r e  s e r v i c e d  by  two s e p a r a t e  1 3 . 2  kV s y s t e m s  

o r i g i n a t i n g  i n  t h e  H e l l  G a t e  g e n e r a t i n g  s t a t i o n  o f  C o n s o l i d a t e d  



E d i s o n  C o m p a n y .  A f i n i t e  a m o u n t  o f  p o w e r  i s  a v a d l a b l e  o n  e a c h  o f  

t h e s e  t w o  f e e d e r s ;  t h e  ma,ximum e l e c t r i c a l  l o a d  'on a n y  o n e  f e e d e r  

c a n n o t  b e  g r e a t e l -  L l l d ~ i  7, M W .  Illhe t w o  f e e d e r s  were o r i g i n a l l y  t i e d ,  

a n d  o n l y  a  s i n g l e  f e e d e r  c o u l d  b e  u s e d  a t  a n y  t i m e .  T h e  c i r c u i t  

l o a d i n g  o n  t h e  u p r a t e d  s y s t e m  r e q u i r e d  a  s p l i t  i n . t h e  t w o  f e e d e r s  

t o  p e r m i t  t h e i r  s i m u l t a n e o u s  u s e . .  

T h e  s p l i t t i n g  o f  t h e  t w o  f e e d e r s  c a u s e s  a d d i t i o n a l  p r o b l e m s .  

A f e e d b a . e k  firom one f e e d e r .  t o  a n o t h e r  c o u l d  o c c u r  b y  a  r e v e r s a l  
. . 

o f  c u r r e n t  in o n e  D.C.. ~ . ~ e r i o r a t o r ,  s h o u l d  L l r e i e  .be a f a i i l t  o n  o n e  

f e e d e r ,  t h e  f a u l t  co1.11d h a v e  s h o r t  c i r c u i t  p o w e r  o b t a i n e d  f r o m  

t h e  o t h e r  f e e d e r ;  t h e  o n l y  i m p e d a n c e  l i m i t i n g  t h e  f a u l t  c u r r e n t  

w o u l d  : b e  t h e  s h o r t  c i r c u i t  i m p e d a n c e s  o f  t h e  g e n e r a t o r s ,  m o t o r s  . ,  

a n d  t h e  s h o r t  c . i r c u i t  kVA a v a i l a b l e .  

P r o t e c t i o n  f o r  o p e r a t i o n  o f  t h e  h i g h  v o l t a g e  s y s t e m  m u s t  

. c o n t a i n  f e a t u r e s  f u r  c i r c u i t  i n t e r r u p t t o n  c a u s e d  b y  a  g r o u n d  

f a u l t  o n  a n y '  n u m b e r  o f  p h a s e s ,  s h o r t  c i r c u i t  o n ' a n y  n u m b e r  o f  

p h a s e s ,  o v . e r l o a d ,  u n d e r v o l t a g e  a n d  r e v e r s e  p o w e r .  I n  . a d d i t i o n ;  

p h a s e  s e q u e n c e '  o n  b o t h  f e e d e r s  r e q u i r e s  c h e c k i n g .  

, S t a r t i n g  r e q u i r e m e n t s  f o r  t h e  b a s e m e n t  m o t o r  g e n e r a t o r  s e t  

c o n t a i n i n g  g . e n e r a t o r s  n u m b e r s  1 a n d  2 a r e  7 6 0  a m p e r e s ' a t  1 3 . 2  kV. 

T h e  s t a r t i n g  p o w e r  i s  p r i m a r i l y  r e a c t i v e  a n d  this p r o d ~ ~ c ~ s  a n  ap-  

p a r e l l k  p o w e r  of  1 ' / , 4 0 0 , 0 0 0  v o l t - a m p e r e s .  T h e  i n i t i a l  s t a r t i n g  

c u r r e n t  c a u s e s  a v n l t a g ~  d r ~ p  i n  t h c  o e o r t i n g  I e e J e ~  U P  4 . 5 % .  

T h i s  e , x c l u d e s  s t a r t - u p  01 I n o r e  t h a n  o n e  m o t o r  a t  a  t i m e .  A l l  

o t h e r , m o t o r s  a r e  a l d r k e d  by  t h e  u s e  o f  t h e  f i r s t  m o t o r  g e n e r a t o r  

s e t .  T h e  direct c u r r e n t  p o w e r  f r o m  o n e  o f  i t s  g e n e r a t o r s  i s  c o n -  

n e c t e d  t o  t h e  g e n e r a t o r  o f  t . h e  s e t  t o  b e  s t a r t ' e d  a n d  i s r o t a t e d  a s  

a  m o t ' o r .  T h e '  s y n c h r o n o u s  m o t o r  d r i v e  o n  t h e  MG s e t  i s  s y n c h r o n -  

i z e d  w i t h  t h e  C q n s o l i d a t e d  E d i s o n  s y s t e m  a n d  t h e  d r i v i n g  g e n e r a t o r  

i s  d i s c o n n e c t e d  b y  m e a n s  o f  a  D.C.  c i r c u i t  b r e a k e r .  

T h e  D . C .  s y s t e m  c o n t a i n s  f o u r  m o t o r - g e n e r a t o r s  h a v i n g  a  n o m i -  

n a l  r a t i n g  o f  1 , 5 0 0  k W , , 2 5 0  v o l t s ,  6 , 0 0 0  a m p e r e s  D.C. T h e s e  g e n -  

e r a t o r s  h a v e  b e e n  a s s i g n e d  a  s h o r t  t e r m  r a t i n g  o f  2 0  m i n u t e s  a t  

7 , 5 0 0  a m p e r e s ,  2 3 0  v o l t s ,  w i t h o u t  o v e r l o a d i n g  t h e  s y n c h r o n o u s  



motor  d ' r i v c  o r  exccecl inq i t s  p u l l - o u t  t o r q u e .  The f o u r  d r i v e w a y  

g e n e r a t o r s  a r e  ogeratec:J i n  I?ar ; l l le l .  w i t h . ,  t h e  two basement  g e n e r a -  

t o r s  c o n r ~ e c t e d  i l l  s e r i e s  wit11 two r c c t i . E i e r s  which b o o s t  t h e  v o l t -  

a g e  o f  t h e  coml , i .n i~t ion t o  23 '0  v o l t s .  Dur ing  o p e r a t i o n ,  t h e  r e c t i -  

f i e r s  a r e  m a i n t a i n e d  a t  t h e i r  f u l l  v o l t a g e '  t o  m i n i m i z e  t h e  harmon- 

R r o t e c t i o n  f o r  t h e  o p e r a t i o n  o f  t h e  d i r e c t  c u r r e n t  eqn ipment  

i s  p r o v i d e d  by D . C . ,  c i r c u i t  b r e a k e r s  on e a c h  g e n e r a t o r , a n d  r e c t i , -  

f i e r  o u t p u t .  T h e s e  b r e a k e r s  a r e  o p e r a t e d  by r e l a y s  which  a c t i v a t e  

L l~e  3hunt t r i p  c i r c u i t  o f  t h e  b r e a k e r  c o n t r o l  u n i t .  T h e s e  r e l a y s  

a r e  a c t i v a t e d  b y  o v e r l o a d ,  s h o r t  c i r c u i t  r e v e r s e  c u r r o n t .  and by  

o t h e r  i n s t r u m e n t a t i o n  and s e n s o r s  p e c u l i a r  t o  a n ,  i n d i v i d u a l  t e s t .  

I n  a d d i t i o n  t o  t h e  enq i .nee r i ,ng  p h a s e  r e q u i r e d  f o r  t h e  up- 

r a t i n g ,  a  c r a c k e d  s h a f t  on motor  g e n e r a t o r  s e t  number 2 i n  t h e  

d r i v e w a y  a r e a  was r e p l a c e d  by a  new s h a f t .  A new commuta to r  was 

i n s t a l l e d  on t h e  g e n e r a t o r  o f  t h e  number 1 basement  MG s e t ,  was .  

p r o p e r l y  a g e d  and s e t t l e d ,  and t h e  g e n e r a t o r  was t h e n  r e - a l i g n e d  

and r e - b s l a n c e d .  



Section 6 

EXPERIMENTAL FACILITIES SUPPORTED BY 
D.C. PUWEK SYSTEM 

6.1 GENERAL 

. . 
The Columbia D.C. power system is-primarily intended to provide 

D.C. electrical power for carrying out thermal-hydraulic studies 

related. to nuclear reactor technology. This section briefly 

dcscribes' some O F  the major experimental facilities currently in 

use at the Heat Transfer Research Facility o f  Columbia University. 

The major thermal-hydraulic loops that have b'een extensively used 

at the facility are 

a. Medium Pressure Heat Transfer (MPHT) Loop 

b. High Pressure Columbia-ESADA (CU-ESADA) Loop 

c. ECCS Loop 

d. Low Pressure Thermal-Hydraulic Loop 

, All the above loops are supported by a'single Computer Con- 

trolled Data Acquisition System (CCDAS), and a well water system 

as a secondary heat sink. All the facilities are serviced by the 

D.C. power system. The Columbia-ESADA loop has an independent 

control room. The remaining loop's' share 'a single control area. 

However, there are inde'pendent heat exchangers and other process 

equipment for each of the loops. 

6.2 MEDIUM PRESSURE HEAT TRANSFER LOOP 

6.2.1 GgneraL 

The loop, is constructed of 300 Series stainless steel, with the 

main piping of nominal 3-and 4-inch diameters.   he loop is shown 

schematically in Figure 6-1. The principal loop operational 

limits are given in ~ a b i e  6-1. 



T a b l e  6 - 1  

COLUMBIA MEDIUM PRESSURE HEAT TRANSFER LOOP OPERATIONAL LIMITS 

Maximum p r e s s u r e ,  p s i a  

Maximum t e s t  s e c t i o n  f l o w ,  gpm 

H e a d  d e v e l o p e d  b y  p u m p ,  f t .  o f  w a t e r  

T e s t  s e c t i o n  h o u s i n q  l e n q t h ,  i n c h e s  

Maximum I ~ e n t e d  l e n q t h  o f  b u n d l . e ,  f t .  

Tc?;I; : ; t - t : t  io11 I I O \ I : ; ~ . I I I . ~  T i ) ,  i.r~(:llez; 2 

H e a t  c . u c t ~ a t l ~ . y e r  h e a t  t r a l ~ x t ' c r  a r e a ,  f t.. 

Maximum s e c o r t d a r y  ( w e l l )  w a t e r  f l o w ,  gpm 

Minimum w e l l  w a t e r  t e m p e r a t u r e  d e g r e e s  F 



T h e  m a j o r  c o m p o n e n t s  o f  t h e  l o o p  a r e  a  1 0 0  h p  W i l s o n - S n y d e r  

c e n t r i f u g a l  p u m p ,  t e s t  s e c t i o n  h o u s i n g ,  m i x i n g  t e e ,  h e a t  e x -  

c h a n g e r s ,  m a k e - u p  s y s t e m  a n d  p u r i f i c a t i o n  s y s t e m . .  

6 . 2 . 2  P r i m a r y  L o o p  

T h e  1 0 0  h p  W i l s o n - S n y d e r  c e n t r i f u g a l  p u m p  p r o v i d e s  t h e  c i r c u l a t i o n  

o f  t h e  c o o l a n t  a r o u n d  t h e  c l o s e d  p r i m a r y  l o o p .  T h e  t o t a l  f l o w  

l e a v i n g  t h e  m a i n  c i r c u l a t i n g  p u m p  s p l i t s  w i t h  o n e  p a r t  g o i n g '  

t h r o u g h  t h e  t e s t  s e c t i o n  a n d  t h e  r e m a i n d e r  t h r o u g h  t h e  h e a t  e x -  

c h a n g e r s .  T h e  f l o w  t h r o u g h  t h e  t e s t  sed ' " t ion  c a n  b e  v a r i e d  b y  

m e a n s  o f  a f l o w  c o n t r o l  v a l v e  w h i c h  i s  m a n u a l l y  o p e r a t e d  f r o m  t h e  

l o o p  c o n t r o l  p a n e l  a r e a .  A s e c o n d  f l o w  c o n t r o l  v a l v e  i n  t h e  h e a t  

e x c h a n g e r  l i n e  p r o v i d e s  t h e  t e s t  s e c t i o n  i n l e t  t e m p e r a t u r e  c o n -  

t r o l .  T h e  h e a t  e x c h a n g e r  s e c o n d a r y  f l o w ,  w h i c h  a l s o  i s  c o n t r o l l e d  

m a n u a l l y  f r o m  t h e  l o o p  c o n t r o l  a r e a ,  p r o v i d e s  a d d i t i o n a l  c o n t r o l  

c a p a b i l i t y .  T h e  t e s t  s e c t i o n  f l o w  i s  m e a s u r e d  b y  a  v e n t u r i  a n d  a  

t u r b i n e  f l o w  m e t e r  p r i o r  t o  i t s  e n t r y  i n t o  t h e  t e s t  s e c t i o n  h o u s -  

i n g .  Wit:l~.i .n t - l l c  t c s t .  h n u s i  ncj ,  t h r  c - o a l  a n t  I - c m o v c s  h c a t  f r o m  t h e  

h e a t e d  te::t s c . ? c t . i o n  a n d  cxitr: F I - ~ I ~  1 . 1 1 ~  t . o p  of  t l ~ c  t.c:;t l l o u s i r l g  t o  

u n i t e  i n  t l l c  r n j s i n y  t e e  w i t 1 1  t11e f l o w  f r o m  t . l ie  h e a t  e x c h a n g e r s .  , 

T h e  m i x i n g  t e e  p r o v i d e s  a s t a b l e  i n l e t  t e m p e r a t u r e  a t  t h e  p u m p  

i n l e t  a n d  h e n c e  a t  t h e  t e s t  s e c t i o n  i n l e t .  T h e  h e a t  e x c h a n g e r  

b r a n c h  o f  t h e  p r i m a r y  l o o p  c o n s i s t s  o f  t h r e e  h e a t  e x c h a n g e r s  a n d  

a n  a i r - a c t u a t e d  c o n t r o l  v a l v e .  T h e  h e a t  e x c h a n g e r s  h a v e  a  t o t a l  
3 2 

h e a t  t r a n s ' f c r  a r e a  o f  2 3 . 2 3  m ( 2 5 0  s q u a r e  f e e t )  w i t h  1 5 . 4 2  m  

( 1 6 6  s q u a r e  f e e t )  i n  t h e  m a i n  h e a t  c x c h a n g c r .  T h c  l o o p  i s  c o n -  

s t r u c t e d  i n  s u c h  a  w a y  t h a t  t h e  h e a t  e x c h a n g e r s  c a n  be o p e r a t e d  

' s i n g l y  o r  i n  a n y  c o m b i n a t i o n ,  t h u s  p r o v i d i n g  a  w i d e  r a n g e  o f  

a c h i e v a b l e  s u b c o o l i n g  e v e n  f o r  l o w  mass  f l o w  r a t e s .  T h e  h e a t  e x -  

c h a n g e r s  a r e  t u b e - i n - s h e l l  t y p e ,  w i t h  t h e  p r i m a r y  l o o p  w a t e r  o n  

t h e  t u b e  s i d e .  T h e  c o o l i n g  w a t e r  f o r  t h e  h e a t  e x c h a n g e r s  i s  ob-  

t a i n e d  f r o m  w e l l s  o n  s i t e .  T h e  s e c o n d a r y  s y s t e m  i s  a  o n c e -  

t h r o u g h  o p e n  l o o p .  

6 . 2 . 3  M a k e - U p ,  F e e d - W a t e r  a n d  P r e s s u r e  C o n t r o l  S y s t e m  

T h e  m a k e - u p  a n d  f e e d ' - w a t e r  s y s t e m  i s  u s e d  t o  f i l l  t h e  l o o p  i n i -  

t i a l l y  a n d  t o  p r o v i d e  m a k e - u p  w a t e r  d u r i n g  o p e r a t i o n  t o  m a i n t a i n  



l o o p  p r e s s u r e .  Whenever. t h e  l o o p  p r e s s u r e  d e c r e . a s e s ,  a  B r i s t o l .  

~ o d c l  Lr;500 l.'l'- L4 ~)r'c..;..';~lr~: r c c o r t l c r  c o n t r o . l . 1  t:r a c  t i v a t c s  a n  a . i . r  

d r i . v c ~ ~  ~ n . l l i c - ~ l l >  I ) k l l n l )  ( ~ ) i . : ; t o l t  I " L I I I I ~ I )  t o  r c s l : r , r c  the? pr(!.L:;:;ilrC t o  t h t !  

s e t  v a l u c .  W h c r l c v c r  t.lle r e f c r e r ~ c e  p r c s s u r c  e x c c c d s  t h e  s e t  C O I I -  

t r o l  v a l u e ,  t h e  o v e r p r e s s u r e  i s  r e l i e v e d  b y  a  " M i g h t y  M i t e "  r e -  

l i e f  v a l v e .  T h e  m a k e - u p  s y s t e m  u s e s  d e i o n i z e d  w a t e r  s t o r e d  i n  a  

h e a t e d  9 3 . 3  C  ( 2 0 0  F )  i n t e r m e d i a r e  Ldllk w l l i c 1 1  i s  l c c p t  f i l l o d  

a u t o m a t i c a l l y  b y  c i t y  w a t e r  f e d  t h r o u g h  ft ie main d e , i u l ~ i a i n g  s y ~  

t e m .  I n ,  a d d i t i o n ,  t h e r e  i s  a  1 3 . 8  g p m ,  J o h n  B e a n  M o d e l  M 1 1  - 1 0  

t r i p l e x  p i s t o n  pump ( 1 7 9  b a r ;  2 6 0 0  p s i a )  i n  t h e  s y s t e m  t o  p r e s -  

s u r i z e  t h e  l o o p  r e l a t i v e l y  f a s t .  T h i s  pump w o r k s  o n l y  b y  o p e r a -  

t o r  c o n t r o l .  

6 . 2 . 4  P u r i f i c a t i o n  S y s t e m  

T h e  p u r i f i c a t i o n  s y s t e m  i s  u s e d  t o  c o n t r o l  t h e  w a t e r  c h e m i s t r y  i n  

t h e  p r i m a r y  l o o p .  P a r t  o f  t h e  h e a t  e x c h a n g e r  o u f l e t  f l o w  i s  s p l i t  

i n t o  t w o  s t r e a m s .  O n e  s t r e a m  i s  t a k e n  t h r o u g h  t h e  G r a h a m  H e l i f l o w  

h e a t  e x c h a n g e r s  ( H x - 2  a n d  Hx-3  i n  F i g u r e  6 - 1 )  a n d  i s  u s e d  t o  c o o l  

t h e  pump s e a l ,  f i n a l l y  m e r g i n g  w i t h  t h e  pump i n l e t  f l o w .  T h e  

s e c o n d  s t r e a m  i s  t a k e n  t h r o u g h  t w o  P a r k e r  D u a l  C o i l  h e a t  e x -  

c h a n g e r s  ( H x - 4  a n d  H x - 5 )  a n d  a g a i n  s p l i t  i n t o  t w o  s t r e a m s .  One  

s t r e a m  p a s s e s  t h r o u g h  t h e  d e i o n i z e r s  a n d  j o i n s  t h e  pump s u c t i o n  

s t r e a m .  T h e  s e c o n d  s t r e a m  i s  u s e d  t o  c o o l  o n e  o f  t h e  t e s t  s e c t i o n  

c h a m b e r  s e a l s  a n d  i s  r e t u r n e d  t o  t h e  pump s u c t i o n  s t r e a m .  

6 . 2 . 5  W e l l  W a t e r  S y s t e m  

W a t e r  f r o m  w e l l s  o n  s i t e  i s  u s e d  a s  t h e  h e a t  s i n k  i n  t h e  l o o p  h e a t  

e x c h a n g e r s  a n d ,  i n  t h e  P a r k e r  D u a l  C o i l  h e a ' t  e x c h a n g e r s  ( H x - 4  a n d  

H x - 5 )  a n d  G r a h a m  H e l i f l o w  h e a t  e x c h a n g e r s  ( H x - 2  a n d  H x - 3 )  d e -  

s c r i b e d  i n  t h e  p u r i f i c a t i o n  s y s t e m .  T h e  w a t e r  f r o m  t h e  w e l l s  i s  

p u m p e d  b y  t h r e e  c e n t r i f u g a l  p u m p s ,  o p e r a t e d  i n  p a r a l l e l ,  t o  t h e  

i n l e t  o f  t h e  s e c o n d a r y  s i d e  o f  t h e  h e a t  e ' x c h a n g e r s .  T h e  w e l l  

w a t e r  c o m i n g  o u t  o f  a l l  t h e  h e a t  e x c h a n g e r s  i s  d i s c h a r g e d  i n t o  t h e  

s e w e r .  

6 - 2 0  6  D - C - - - p o w e r  s y s t e m  

F i g u r e  6 - 2  sh 'ows  a  s c h e m a t i c  o f  t h e  D.C. p o w e r  s y s t e m  f o r  t h e  M e -  

d i u m  a n d  H i g h  P r e s s u r e  H e a t  T r a n s f e r  F l o w  L o o p s  i n  t h e  l a b o r a t o r y .  
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T h i s  s y s t e m  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  e a r l i e r  s e c t i o n s .  

6 . 2 . 7  Flow Hous ing  

The f l o w  h o u s i n g  c o n s i s t s  o f  f o u r  m a j o r  componen t s :  t h e  g r i d  

p l a t e ,  t h e  t o p  a d a p t e r ,  t h e  s h r o u d  box ,  and t h e  b o t t o m  a d a p t e r .  

The g r i d  p l a t e  i s  machined from a  n i c k e l  p l a t e .  I t  s e r v e s  

a s  a  t o p  e l e c t r i c a l  c o n n e c t i o n .  The g r i d  p l a t e  i s  a c c u r a t e l y  

machined t o  m a i n t a i n  t h e  t o p s  o f  t h e  r o d s  i n , p r o p e r  a r r a y  ge;- 

o m e t r y .  

  he t o p  a d a p t e r  l o c a t e s  t h e  s h r o u d  box with re t@i?ef iee  co c h e  

h e a t e d  r o d  g e o m e t r y  and p r o v i d e s  a  t r a n s i t i o n  from t h e  geomet ry  

o f  t h e  r o d  b u n d l e  c h a n n e l  t o  a n  open a r r a n g e m e n t  f o r  t h e  c o o l a n t  

d i s c h a r g e .  

The s h r q u d  box i s  made o f  f o u r  r e c t a n g u l a r  p i e c e s  o f  s t a i n -  

l e s s  s t e e l ,  machined and f i t t e d  t o  h o l d  t h e  c e r a m i c  l i n e r  which 

a c t u a l l y  fo rms  t h e  f l o w  c h a n n e l .  The c e r a m i c  s h r o u d  l i n e r  i s  made 

o f  98% d e n s e  A 1  0  i n  508 m m  ( 2 0 " )  l o n g  s e c t i o n s ,  and g round  t o  
2 3 + 

t h e  d e s i r e d  d i m e n s i o n s  w i t h i n  a  t o l e r a n c e  o f  - 0.0762 m m  
+ 

( - , 0 . 0 0 3 " ) .  H o l e s  f o r  p r e s s u r e  t a p  l o c a t i o n s  a r e  d r i l l e d  a t  

s e l e c t e d  p o i n t s  a l o n g  t h e  a x i a l .  l e n g t h  o f  t h e  f l o w  c h a n n e l .  

The bo t tom a d a p t e r  l o c a t e s  t h e  i n l e t  end o f  t h e  f l o w  c h a n n e l  

w i t h  r e s p e c t  t o  t h e  h e a t e d  r o d s ,  and p r o v i d e s  a  r e g i o n  f o r  co -  

o l a n t  e n t r y  i n t o  th 'e  c h a n n e l .  . 

6 . 2 . 8  T e s t  S e c t i o n s  

The h e a t e r  . rod  d i a m e t e r ,  l e n g t h ,  r o d  a r r a y  p i t c h ,  r o d - t o - w a l l  

s p a c i n g ,  number o f  r o d s  i n  a  b u n d l e ,  and number o f  p r e s s u r e  t a p s  

and t h e i r  1 0 c a t i o n . s ~  v a r y  f rom t e s t  s e c t i o n  t o  t e s t  s e c t i o n .  The 

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

f o r  a  t y p i c a l  t e s t  s e c t i o n .  F i g u r e  6-3 shows a  t y p i c a l  t e s t  s e c -  

t i o n  i n s t a l l e d  i n  t h e  l o o p .  

6 . 2 . 8 . 1  H e a t e r  Rods 

The n u c l e a r ,  h e a t i n g  i n  Eue l  r o d s  is' s i m u l a t e d  by p a s s i ' n g  d i r e c t  
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electrical current through the rods. These rods are composed of 

top and bottom electrodes and a heated section. The heated sec- 

tion is fabricated from Inconel tubing or other suitable material. 

The tubing outer diameter is equal to the OD of fuel rods bein.9 

simulated. The tubinq wall thicknesses vary over the range 0.254 

mm (0.010") to 1.27 mm (0.050") to achieve the desired radial and 

axial heat flux in the bundle and to achieve a proper overall test 

section resistance to be compatible with the power system. In all 

cases resistance measurements of each finished rod are made using 

a Kelvin bridge, and the individual hea,ter rod resistances are 

used to compute the true radial power distribution. 

The heated rods are filled with ceramic support cylinders. 
\ 

These cylinders are made from 98% dense A1203 ceramic, 76.2 mm 

(3") long with the OD ground to match the ID of the tube. The 

inside of the heated tube is at atmospheric pressure during test- 

iny. A 6.35 mm (1/4") hole through the bottom electrode and the 

ceramic cylinders permits access for instrumentation. The ceramic 

cylinders prevent collapsing of the thin-walled tubing due to ex- 

ternal pressure. 

The top electrode is made of a solid piece of nickel rod with 

the same OD as the heated section. The top end of the nickel rod 

is ground with a self-locking taper which fits a matching conical 

hole in the grid plate. 

The bottom electrode is made of nickel tubing over the length 

where the rod is in contact with high pressure loop water. The 

bottom electrode is joined to copper tubing external to the pres- 

sure seal. A typical rod assembly is shown in Figure 6-4. 

6.3 HIGH PRESSURE COLUMBIA-ESADA LOOP 

6.3.1 Facility Description 

The test facilities consist of a main circulating loop, a side 

stream purification system, auxiliary cooling system, and a con- 

trol system. A layout of the .loop is shown in ~ i g u r e  6-5. A flow 
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diagram of the main circulating loop and auxiliary systems is i.1- 

lus,trated schematically in Figure 6 - 6 .  The main circulating loop 

components are the test section housing, main heat exchanger, cir- 

i.uldLil~y pumps, and interconnecting piping. These loop components 

were designed according to the ASME Boiler and Pressure Code and 

the following specifications: 
. - 

' • Loop flow r a t c ,  m a x l r n ~ ~ m  4 O O  gppn 

Loop operating pressure*, maximum '3500 ps.ia 

Loop operating temperature, maximum 700 F 

Main loop cooler heat removal capacity 5 MW 

Inlet temperature, maximum 

Outlet temperature maximum 

R n d  h n n d b e  length 

I Huusing length, maximum 

650 P 

700 F 

0 o r  14 I L .  

16 ft. 

The test sectii-211 cnnsists of a pressure housing, cera1115u flow 

channel, flow channel shroud, "0"-ring pressure plugs and elec- 

trical power terminals. 

The pre:;$;urc l~ou!.;i~l(j i :; made 1113 in two sccti.ons. The lower 

section, 10 ft. long,.is employed when 8 ft.,lony rod bundles are 

tested. The upper section, 6 ft. long, is added to the lower 

section when the 14 ft. long rod bundles are used. Each section 

was constructed from a single forging with integral flanges equi- 

valent to type 316 stainless steel 8-inch schedule 160 pipe and 

w p l d p r i  neck. f l z i n g a c  ratcd for 3500 psia s e ~ v i c e .  

The crrdnlic flow channel 1s made from precision machined 

ceramic (99% A1 0 sections, each about'l2 inches long, placed 
2 3 

inside the flow channel shroud. The ceramic 'prevents galvanic 

corrosion between the heater rods and flow channel shroud. The 

ceramic channel extends about a foot beyond the rod bundle heated 

* Refers to all components except the pumps which were designed 
for 6 5 m  inlet temperature and 2500 psia.system pressure. 
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I 
l e n g t h  b o t h  u p s t r e a m  a n d  d o w n s t r e a m  t u  p r o v i d e  a  c o n s t a n t  i n l e t  

a n d  o u t l e t  g e o m e t r y  a n d  p r e v e n t  a d v e r s e  e n t r a n c e  a n d  e x i t  f l o w  

e f f e c t s .  

T h e  f l o w  c h a n n e l  s h r o u d  i s ' c o n s t r u c t e d  f r o m  t y p e  1 7 - 4  PH 

s t a i n ' l e s s  s t e e l  p l a t e s  b o l t e d  t o g e t h e r  t o  f o r m  a  r i g i d  s q u a r e  

h o u s i n g  t o  s u p p o r t  the c e r a m i c  f l o w  c h a n n e l  s e c t i o n s .  T h e  1 7 - 4  

P H  s t a i n 1 . e ~ ~  s t e e l  m a t e P i a l  w a s  c h o c e n  t n  m o r e  c l o s e l y  m a t c h  t h e  

e x p a n s i o n  r a t e  o f  t h e  c e r a m i c  f l o w  c h a n n e l ,  t h e r e b y  e l i m i n a t i n g  

p o t e n t i a l  b y p a s s  f l o w .  T h e  f l o w  c h a n n e l  h a s  t w o  t r a n s i t i o n  

a d a p t e r s ,  o n e  a t  e a c h  e n d .  B o t h  a d a p t e r s  o f f e r  a  t r a n s i t i o n  

b e t w e e n  c i r c u l a r  a n d  q q u a r e  c h a n n e l  g e o m e t r i e s .  T h e  b o t t o m  

a d a p t e r  w a l l  h a s  e i g h t  1 - i n c h  d i a m e t e r  h o l e s  e q u a l l y  s p a c e d  c i r -  

c u m f e r e n t i a l l y  t o  e v e n l y  d i s t r i b u t e  t h e  i n c o m i n g  f l o w .  T h e  t o p  

a d a p t e r  i s  b o l t e d  t o  t h e  r o d  b u n d l e  t o p  g r i d  p l a t e  a n d  e n l a r g e s  

t h e  f l o w  c h a n n e l  t o  a l l o w  s t e a m - w a t e r  m i x t u r e  t o  f l o w  t h r o u g h  t h e  

g r i d  p l a t e  p e r f o r a t i o n s .  W a t e r  c o m i n g  f r o m '  t h e  t e s t  s e c t i o n  h o u s -  

i n g  i n l e t  p i p e  f l o w s  down  b e t w e e n  t h e  a n n u l u s  f o r m e d  b y  t h e  s h r o u d  

a n d  t h e  p r e s s u r e  h o u s i n g  w a l l ,  t h e . n  p a s s e s  t h r o u g h  t h e  s h r o u d  

b o t t o m  a d a p t e r  h o l e s  a n d  t u r n s  u p w a r d s  i n s i d e  t h e  s q u a r e  f l o w  

c h a n n e l .  c o n  t a i n i n q  t h e  roc1 ht1nd1.e t e s t  s e c t i . o n .  C o n t i n u i n g  u p -  

w a r d ,  i t  E l . o w : . ;  t l ~ r . o u y l ~  t:).~c qt: i.cl pL i l t e  nil(:! i n t o  the p i p e  c o n n e c t :  i.l'lg 

t h e  t e s t  s e c t i o n  a n d  m a i n  h e a t  e x c h a n g e r .  

S , e a l s  f o r  t h e  h e a t e r  r o d  p e n e t r a t i o n s  a t  t h e  b o t t o m  a r e  p r o -  

v i d e d  b y  p l u g s  c o n t a i n i n g  V i t o n  " 0 " - r i n g s ,  w h i c h  a r e  s p a c e d  t o  

f o r m  t w o  c h a m b e r s  w h i c h  p r o v i d e  c o o l i n g  t o  t h e  " 0 " - r i n g s .  T h e s e  

c h a m b e r s  s t e p  d o w n  t h e  p r e s s u r e  d i f f e r e n t i a l  b e t w e e n  t h e  t e s t  s e c -  

t i o n  i n t e r n a l  p r e s s u r e  a n d  a t m o s p h e r e .  T h e  t o p  c h a m b e r  i s  s u p -  

p l i e d  w i t h  e x t e r n a l  c o o l i n g  w a t e r  ( w e l l  w a t e r )  a t  5 0 0  t o  9 0 0  p s i g .  

6.3.3 M a i n  H e a t  E x c h a n g e r  

Two p a r a l l e l  s h e l l  a n d  t u b e  h e a t  e x c h a n g e r s ,  o p e r a t e d  a s  e v a p o r a -  

t i v e  c o o l e r s ,  s e r v e  t o  r e m o v e  t h e  h e a t  i n p u t  f r o m  t e s t  s e c t i o n  a n d  

t o  m a i n t a i n  a  c o n s t a n t  t e s t  s e c t i o n  i n l e t  t e m p e r a t u r e .  T h e  h e a t  

r e m o v e d  f r o m  t h e  p r i m a r y  c o o l a n t ,  w h i c h  f l o w s  i n s i d e  t h e  t u b e s ,  i s  

t r a n s f e r r e d  t o  t h e  l o w  p r e s s u r e  b o i l i n g  w a t e r  i n  t h e  s h e l l  s i d e  o f  



the heat exchanger. The steam generated in the shell side is 

piped to snvther hrdC exchanger where it is condensed to a sub- 

cooled temperature and recirculated back to the main heat ex- 
I 

changer. 

The main coolers are capable of removing at least 5 MW 

(17 x lo6 Btu/hr! n f  h e a t  by vapnr-i7'.illlj abour  lli,U00' l L l n / h r  

( 3 2  gpm) o'f water on the secondary side. This amount'nf heat is 

removed w h e n  tho primary side Is operating between 400 F and 

6 5 0  F a n d  the secondary at saturation conditions of 150 psia. 

The ratc of h e n 1  removal 13 cunt~ulled by manually adjusting the 

[low to the secondary slde of the heat exchanger. 

6.3.4 Main Circulating Pumps 

TO m'eet the operating r~q~,irement,c of t h e  luup d r l d  p e x l r l l t  t l ~ x i -  

hilitp of opcratioll, [our canned motor pumps are arranged in two 

sets connected in parallel. Each set has two pumps connected in 

scries ill urder to provide a maximum developed pressure head of . 

580 feet of water. The pumps, Westinghouse Model A-150-Dl, are 

constructed of Type 316 stainless steel. 'Each pump is rated at 

150 gpm against a head of 300 feet, for 2500 psi and 650 F 

service. 

6.3.5 Interconnecting Loop Piping 

The primary loop piping is constructed of seamless 4-inch schedule 

16U Type 316 stainless steel pipe. The piping is rated at 3500 

psi and 700 F. R e r a u c o  of thc lalye r d l ~ y e  am operating flows 

(40-400 gpm), two different size valves connected in parallel are 

I I S P ~  to control flow. These valves are 4-inch and 1-inch Y-type 

valves located upstream of the test section inlet, and are op- 

erated manually to adjust loop flows as required. In addition, a 

Venturi type BIF flow nozzle and a Potter type turbine meter are 

installed in the loop piping to measure flow. 

6.3.6 Side Stream Purification System 

A portion of the main loop circulating water flows through a side 

stream cooler and two parallel purification cobi~mns containing a 



mixed bed of ion-exchange resin. The system is capable ~ f ' ~ u r i -  

fying loop primary water at a rate of 3 loop volumes per hour in 

order to maintain low chlorides (0.1,O ppm), ma'ximum water resis- 

tivity of 0.5 x lo6 ohm-cm, and'low solids concentrations. It is 

also equipped with an in-line cul~ductivity cell, and a   amp ling 

cylinder. This cylinder is employed to obtain loop water samples 

f o r  chemical analysis and to inject the necessary chemicals to 

adjust loop water chemistry. 

6.3.7 Auxiliary Cooling System 
. . 

The m a i n  heat exchanger secondary side and the main circulating 

pumps require a closed loop recirculating c'obling system in order 

to maintain low chloride concentrations to avoid stress cracking 

corrosion of the heat exchangers surfaces. Each system consists 

of a circulating pump and intermediate heat exchanger. Cooling 

'water to the secondary side is provided from a well in' the facil- 

ity or the city water supply lines. 

6.3.8 The Control Room 

The control room contains loop controls and instrumentation needed 

to perform the following functions: 

1. Control loop temperature at any desired value be- 
tween 100 F and 650 F. 

2 .  Control loop pressure at any desired value between 
100 psia and 2500 psia. The control is applied to 
a totally liquid filled system. 

3. Control loop flow between 40 and 4000 gpm. 

4. Provide temperature protection for pumps in the 
form of visual and audible alarms. 

5. Provide over-pressure protection for the system in 
the form of relief devices and audio-visual alarms. 

6. Monitor water supply tanks liquid levels with 
audio-visual high and low le-vel alarms. 

In addition, the DNB detection recorders are located in this 

control room. Loop instrumentation is shown schematically in 

Figure 6-6. Temperatures are monitored by thermocouples in con- 

junction with single-point circular chart and multi-point strip 



chart recorders. Test section inlet and outlet temperatures are 

measured with thermocouples and recorded by the CCDAS as described 

in Section 6.7. 

The loop pressure is remotely controlled by an air operated 

make-up pump and a letdown backpressure regulator. Test section 

' inlct and oi l t l cL  1:ol e s ' s u r  es d r  e r~ieasured with precision Bourdon 

tube gages. The outlet pressure is also recorded in a circular 

chart pressure recorder. This recorder is provided with adjust- 

able high and low limits which activate a letdown solenoid valve 

. a n d  .Ll~e 111ak.e-up pump, respectively. A gas pressure controlled 

letdown valve is normally used to steady pressure control during 

minor pressure changes. In addition, the loop pressure can be 

controlled manually with a dump valve. 

Pressure drops across the test section heated length are 

measured with Meriam high pressure, differential pressure trans- 

d u c e r ~ .  ' 

Test section inlet flows are adjusted manually with a com- 

bination of a 4-inch and 1-inch valves connected in parallel. 

Flow measurements are made by a Venturi type flow meter, and a 

Potter turbine meter. The Venturi flow meter differential pres- 

sures are measured with two high pressure Merian differential 

type manometers. High flows are monitored with a mercury mano- 

meter, and low flnws w i t h  an oil manometex with oil having a 

specific gravity of 2.95. The turbine mctcr has a digital read 

out in cycles pes secu1113 which is proporrinnal to flow rates. 

Test section power is recorded with the data acquisition 

system. , Volts are measured across voltage taps built in a heater 

rod, or across the test section power terminals. Currents are 

monitored by 10,000 A, shunts located in each of the M-G sets 

main electrical bus. 

6.4 GENERAL IKSTRUMENTATION FOR MPHT AND CU-ESADA LOOPS 

The instrumentation for the MPHT and CU-ESADA loops is similar. 

This section describes the general instrumentation in use. 



However, t 1 1 c  exact test instrumentation depends on the scope and 

purpose of.individua1 tests. ~ y p i c a l  measurements include heater 

rod temperatures, test section power, coolant flow rate and co- 

olant temperatures. ~ e s t  section pressure drop and subchannel 

temperatures can also be measured. Transient measurements are 

also carried out as requ'ired by tests. Table 6-2 gives a general 

tabulation for typical tests. The instrument signals are pro- 

cessed by the CCDAS as described in Section 6.7. 

6.5 - EMERGENCY CORE COOLING STUDIES. (ECCS) LOOP 

This loop was primarily built to study t h e  t .np spray-emergency 

core c o o 1 i n g . a ~  designed for Indian Point-1 reactor. However, it 

is flexible enough to be used for ,alternate emergency cote coul- 

ing system studies. The test loop was designed to simulate a 

single reactor fuel bundle assembly with representative reactor 

vessel volumes. The main components of the loop consist of: 

a. Test Section Assembly 

b. Hot and Cold Leg Piping 

c. Core Bypass Piping 

d. Upper and Lower Volume Tanks 

e. Steam System 

f. Core Cooling,System 

g. Steam Separator and Condenser 

h. Instrumentation 

i. Data Acquisition System 

A flow schematic showing the test loop configuration for the cold 

leg breaks is shown in Figure 6-7. 

6.5.1 Test Section Assembly 

The test section assembly is comprised of an upper and lower pres- 

sure housing, with the latter containing components simulating a 

quarter section of the upper control rod assembly and the former. 

containing the simulated fuel bundle assembly. Surrounding the 

outer housing three sets of strip heaters are installed to provide 

for the possibility of more accurate modeling of the canister to 

neighboring canister boundary condition. 



Table 6-2 

Measurement 

Flow 

Absolute Pressure 

TYPE Manufacturer and Ranqe 

Ventnri BIF 'Corp, 40-450 wpm. 
Differential pressure 
read or1 a 60-inch Meriam 
Manometer 

Turbine Meter Flow Technology Inc. 
20-650 gpm. 

Heise Fourdon Tubc Ce. 
0-2600 psi, 2 psi div. 

Strain Gaugc DL11 Inc.; 0-5000 s p i  

Bourdon Tube Texas Instrument Co. 
0-5000 psi 

Differential Pressure Strain Gauge BLH Inc.; 0-10 psi, 
0-20 psi 

Manometer Meriam Instrument Co. 
60-inch Manometer with 
0.1 inch division 

T e ~ t  Scction Inlet RTIS 
and Outlet Temperature 

Thermocouple Conax Curp. 
Iron/Constantan; 0-1400 F 

~ o d  Temperature 

, Voltage 

Current 

Thermocouple Conax Corp. and C.S. Gordon 
Chromel/Alumel; 0-2000 F 

Voltmeter Hewlett Packard Co. 
0-240 V 

Shunt Westinghouse Corp. 
0-6000 Amp " 



Make-up Water 

. . 

Test Section . 

. . 

Figure 6-7 

ECCS Loop Schematic 



6.5.2 &per Housing 

The upper housing is a square cross-sectioned pressure-retaining 

assembly wit.h interior dis~e~~sions of 6.238 in x 6.238 in x 113.45 

in long.. The interior space contains two stainless steel slabs, 

each representing half the thickness of two control rod'blades 

a quarter round tank representing the control rod guidc tuhe, t h e  

'reactor upper grid piate and a fuel element top n o z x 1 . e .  

6.5.3 --. Lower .. .. ... - ... , . . Hous& .. 
. . 

The lower hnusing i~ a s t l c i a r e - c r o s s - s e c t i o n e d  pressure-retaining 

assembly with an interior configuration following the outline of 

a fuel element assembly. The interior dimensions were selected 

to represent the perimeter envelope, including clearances, of a 

Located within the housi'ng is a production fuel assembly 

canister and top nozzle assembly, with 173 h e a t e r  rods simulating 

a complete fuel bundle. Spacer pads on the outside of the shroud 

keep the heater assembly centered within the housing, while main- 

taining the proper water gap clearance. 

A plate between the upper and lower housing simulates the 

fuel element upper grid plate and provides a common electrical 

ground for the heat rods. Attached to the bottom end of the lower 

housing is the hottom c x t e n s i u n  assernhly. This assenilly contains 

the simulated reactor cold leg piping and the sealilly glands for 

the h e s t o r  rods. .  

6.5.4 Cure bypass Piping 

The reactor desig~l incorporates a core bypass flow area from the 

lower to the upper plenums and to simulate this region the test 

loop includes a small orifice sized to provide the equivalent 

pressure drop characteristics. 

6.5.5 Upper and Lower Volume Tq= -- 
The test loop simulates the reactor vessel .upper and lower plenums 

by the use of tanks with volumes sized on a single fuel assemb1.y 

basis. 



The upper volume tank connects directly to the top of the 

upper housing. The bottom of the tank simulates the reactor upper 

diaphragm plate and contains two 7/8-inch diameter holes to con- 

trol the flow of core cooling water into the test bundle. The top 

of the tank contains the spray nozzles for injection of core cool- 

.ing water into the test section. 

The lower volume tank is separated from the test section 
. . a .  

housing, due to space limitations at the testing facility. In 

the cold leg break configuration .the lower volume tank is not 

needed and is removed from the system. 

6 . 5 . 6  Steam System 

To simulate the containment conditions immediately after the blow- 

down phase of a LOCA, a n  auxiliary steam supply system is con- 

nected to the test loop. Actual steam flpw into the loop is con- 

trolled by means of a manual throttling valve. 

The pressure in the loop is maintained by an automatic regu- 

lating valve located between the steam separator and condensing 

system.. To improve the reliability of the steam flow measure- 

ments, the steam' separator is used to minimize the amount of water 

carry-over into the turbine meter. 

To provide a constant flow of core cooling water, a separate water 

flow loop with positive displa,ccment pumps is used. A preheater 

is used to raise and hold the water at the desired temperature. . .  , 

Electric solenoid valves are used to.swit,ch the flow'of water from 

the recirculation and preheat mode to'the test section spray mode. 

In the latter configuration water is pumped from the supply tank, 

through the preheater and into the upper volume tank spray nozzle. 
. 

6 . 5 . 8  Instrumentation 

The instrumentation used on the loop consists o f  thermocouples, 

differential pressure transducers, pressure transducers and 

turbine flow meters. The output signals (voltages) from all of 



the significant parameters were recorded in the data acquisition 

system. A listing and description of the significant parameters 

measured is givcn in Table 6-3. 

6.6 LOW PRESSURE THERMAL HYDRAULIC LOOP 

This loop was c o n s L ~ u c t e 8  in the 1950's to conduct thermdl- 

hydraulic experiments for the duPont production reactors at 

Savannah River. It has been used over the years for different 

custuneis i l l  a variety o f  configurations. The power supply and 

computer-controlled data acquisition system, described in this 

report, also service this loop. The principal features of the 

loop are described below, and a schematic is shown in Figure 6-9. 

The principal features are as follows. 

6.6.2 Test Section Stati0.n 

Since the loop is low pressure, there is no need for a test sec- 

Lion pressure housing. The flow channel also serves the,pressure 

housing. Test section heated length, therefore, is not limited 

by an existing pressure housing. Test,sect.i.ons with a.heated 

length of 12 feet have been run, and there is headroom available 

to accommodate much longer lengths. 

6 . 6 . 3  Pumps 

There are three pumps in the loop, as list.ed below. Thcse are 

u ~ u n l l y  u p e r d t e a  i n  g a r a l l ~ l . ,  however they may b r  run in various 

series or series parallel arrangements as required. 

Pump Number Piping Size gpm Head (ft) --- Motor H .P. --- 



Table 6-3 

INSTRUMENTATION INPUT INTO HIGH 
'SPEED DATA'ACQUISITION SYSTEM 

ECCS LOOP 

Parameter Sensing Element 

Flow 

Pressure 

Turbine Flow Meter - 1. Primary Spray Water 
, 2. Steam Separator Return 

Water 
3. Etaam Condsns~r Condensate 
4. Steam Condenser Spray 

Water 
5. Steam Separator Steam 

output 

Temperature Iron/Constantan 
Thermocouple 

Power 

Pressure Transducer 1. Top Volume Tank 
2 .  Test Section Housing 

. . 3. . Steam Separator 
4. Steam Separator Output 

Steam 
5. Cold Leg Piping 

1. Primary Spray Water 
2. Test Section Housing 
3. Steam Separator 
4. Heat Exchanger Primary 

Side Inlet 
5. Heat Exchanger Primary 

Side Out1,et 
6.. Steam Separator Output 

Steam 

Chromel/Alumel 
Thermocouple 

Calibrated Resister 
(Voltage) Voltage Drop Across 

Ballast Resisters For 
Rod Groups 1, 2, 3, & 4 

Shunt Resister 
(Amperage) 

5.. Voltage Drop Across 
Group 5 Rods 

6. Voltage Drop Across 
P r e h e a t ~ r  

7. Total Heater Rod Current 
8. Preheater Current 



F i g u r e  6 - 8  

Schemat ic  of Low P r e s s u r e  Loop 



6.6.4 Heat Exchangers 

There are two shell and tube heat exchangers. The total available 

capacity is 153,515 Etu/hr F. Well water is used on the shell 

side. It is available at 64 F and 4509Pm- 

6.6.5 Flow Control and Measurement. 

The flow is measured using the venturi and turbine meters from the 

medium pressure loop. Adaptors are used to accommodate the high 

pressure piping used for the meters to the low pressure loop pip- u 

ing. The flow is controlled manually by adjusting a flow control 

6.6.6 General Loop Information 

The loop is filled with deionized deaerated water from a heated 

storage tank. During operation, the water quality is maintained 

by using a side stream deionizer. The loop is filled by gravity. 

Pressure is maintained by a feed and bleed system. A make-up 

Dump adds water when the pressure is low and water is vented when 

the pressure is high. The primary piping and other components 

are fabricated from stainless steel. 

6.7 COMPUTER CONTROLLED DATA ACQUISITION SYSTEM (CCDAS) 

The CCDAS is comprised of the following: 

a. HewLett-Packard, HP2'100~ computer with 32K core, 
2-channel direct memory access, time base generator 
and floating point hardware. 

b. HP7970B digital magnetic tape unit. 9 track, 800 
bpi, 37.5 i.p.s. speed. 

c. HP7905 15MByte disc subsystem 

d. HP2313B subsystem with a programltlable pacer dual. 
c h a n n e 1 , d i g i t a l - t o - a n a l o g  converter and multiplexers 
for 112 channel differential input for high speed 
data acquisition system. (8000 samples per second 
for sequential channel scanning, 45 kHz single chan- 
nel sampling) . 

e. HP2322 subsystem. Low speed data acquisition system 
with crossbar scanner capable of scanning 200 di'f- 
ferential inputs at the rate of 10 samples per 
second. 

f. HP2401 digital voltmeter 



g. HP2895B paper tape punch unit 

h. HP2748F paper tape redder 

i. HP2640 CRT display terminal 

j. HP2762A terminal printer, 118 columns, 3 0  characters . 
per second. 

k. ASR 3 3  teletype 

The comput'er can operate under either Real Time ( H P r R ' P E n . 2 )  

or a ' ~ a g n e t i c  Tape System (MTS). Experimental data is recorded 

On maqnPtir tapo.' P i g u l - c  6-9 shows  the CCBAS schematically. 
. 3 

The software consists uf a main program which controls the 

use of a number of acquisition and data reduction subroutines. 

The main program is in on-line contact with the operator through 

the ASR 3 3  teletype which is located in the control room at the 

facility where the test is being conducted. Accordinq to the prn- 

gram option selected, the computer will initiate single sequen- 

tial scan, multiple sequential scan, so#!! a xanilnm block o'f chan- 

ne'ls and perform a pre or post-test I-cduction of certain variables. 

The data reduction option picks the appropriate scan from.the mag- 

netic tape, reduces the data to engineering units, makes compari- 

sons of temperatures (from thermocouple and RTD) and flows (from 

turbine flow meter and Venturi meter readings), calculates heat 

balances, pressure drop and test section power and heat flux. The 

output is returned on the teletype and the terminal printer. 



F i q u r e  6-9 

COMPL'TER COFITROLL,E? DATA A C n I l I S I C I O N  SYSTE?l SCHEpL4TIC 
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MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - 
8T. LOUIS DIVISION 

Box 516, Saint Louis, Missouri 63166 

Dr. P. Y. Hsu 
TPE-I1 Program Manager 
EG&G 
P.O. Box 1625 , * 

Idaho, Fa l l s ,  I d a h o ,  83415 

Subject:  Thermal Hydraul i c  Thermal Mechanical ~ e s t i n g  F a c i l  i t i e s  

1. Enclosed please f i n d  our  response t o  your  ques t ionna i re  o f  11 Sept 1981. 
Our f a c i l i t i e s  a r e  p r i m a r i l y  capable o f  p rov id i ng  sur face heat  f l u x e s  t o  
components. The major f a c i l i t i e s  a r e  Quartz/Tungsten lamps, Graphi te  heaters,  
and a 15 kw C02 cw l ase r .  These f a c i l i t i e s  a re  l i s t e d  i n  t he  at tached t a b l e  
i n  a  format t h a t  responds t o  Quest ion 1 of your  l e t t e r .  

2. The cos t  o f  opera t ing  t he  f a c i l i t i e s  i s  inc luded  i n  our  overhead r a t e s  
and on l y  the  manpower requ i red  f o r  opera t ion  i s  charged t o  t he  user. Our 
composite l a b o r  r a t e  i s  approximately $50/hour. The number o f  personnel 
r equ i red  t o  s t a f f  a  t e s t  i s  dependent on t he  exact  na tu re  and du ra t i on  of 
t he  t es t s .  Long du ra t i on  t e s t s  a re  gene ra l l y  automated t o  reduce s t a f f i n g  
requ i  rements . 
3. I n  regard t o  yourQues t io r ;sZ  and 3, we do n o t  have h igh  pressure 
coo lan t  loops, s ince  most o f  our  f a c i l i t i e s  have been used f o r  hea t ing  
devices where low-pressure coo lan t  i s  used. 

4. I ' hope  t h e  i n fo rma t i on  we have prov ided i s  use fu l  t o  you and I would 
be g l ad  t o  discuss p o t e n t i a l  app l i ca t i ons  o f  these f a c i l i t i e s  t o  s p e c i f i c  

' - tes ts .  

S incere ly  , 

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY 

Clarence Trachsel 3 / 4  - Z 3 i r  - 49d7 

Attachment 

MCDONNELL 



THERMAL-HYDRAULIC THERMOMECHANICAL TESTING FACILITIES 
. . 

Heat Source Quartz/Tungsten Lamp Graphite H t r .  Elements 15KW, C02 Laser 
. -- -. .. - - - - . . - - . . . . . . . . . .  . . . . . . - - - . . . - . . . - . -. . .- ----- -- ... . . . - . . . . - - -- - - .  . . . .. - ..-- .- 

Test Environment Vacuum, I n e r t  Gas, A i r  Vacuum, I n e r t  Gas Vacuurr, I n e r t  Gas, A i r  
(Vacuum, I n e r t  gas) 

Test Specimen Size Accornodatec As Req'd A As Req'd A Up t o  1x1 Me:er 

Ma te r i a l s  Accommodated Non Toxic, Not Radioact ive Non Toxic, Not ~ a d i o a c t i v e  Non Toxic, Not Radioact ive 

~empera tu  re /  Power Range . Element Temp. t o  3000°C Element Temp. t o  2400CC 12.5KU Max. Output Pwr. 
Maximum Power: 50 WATT Maximum Power: ' 300' WATT 10. O K W / C ~ ~  Max. F lux 

cm 2 cm 2 

R i  se/Decay Times 200 ms. 200 ms. Appro:<. 100 ns-; 

C a p a b i l i t i e s  f o r  Ac t i ve  . Low Pressure H20 and LN2 Low Pressure H20 and LN2 Low Pressure H20 and LN2 
Cool i ng 

F a c i l i t i e s  Inst rumentat ion LA A A. 
F a c i l i t y  A v a i l a b i l i t y  100% -1 00% 20% 

Support F a c i l i t i e s  A a 
. . . . . . . . . . 

A 

Vacuum chambers from 24' dia.  x 54' l ong  t o  30' d i a  x 35' long. 

E x i s t i n g  elements a re  26 x 26 i n c h e i  and 5 x 72 inches. Can be s e t  up i n  any o f  above c'iambers. 

Automated data a c q u i s i t i o n  system. Parameters as requi red.  

A Complete chemistry, metal lurgy, leak  detect ion, l aboratores and machine shops. 
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September 28, 1981 
MF-7.0 

P. Y. Hsu 
TPE-I1 Program Manager 
Fusion Technology Program 
P. 0. BOX i625 

" .  Idaho F a l l s ,  Idaho 83415 

Dear M r .  Hsu: 

Reference: THERMAL-HYDRAULIC THERMOMECHANICAL TESTING FACILITIES 

Enclosed i s  our  b r i e f  r e p l y  t o  your  request f o r  i n f o rma t i on  on t he  
e x i s t i n g  t e s t  f a c i l i t i e s  t h a t  might  have some usefu lness t o  your  program. 

Please do not  h e s i t a t e  t o  c a l l  i f  a d d i t i o n a l  i n f o rma t i on  i s  desired. 

S incere ly ,  

MFTF P r d j g t  Manager 

Enclosures 



The heat source f o r  the  HVTS F a c i l i t y  i s  a n e u t r a l  source whose beam 
contains neut ra ls  and ions  o f  deutrium., 

The t e s t  environment i s  a vacuum w i t h  t o r r  c a p a b i l i t y  w i t h  
H 2 o r D 2 g a s .  * . -  +.. 

The diameter o f  t he  ta rge t  chamber i s  61 inches. Without 
disassembling the ta rge t  tank, access t o  the,chamber i s  possib le 
through a 20 inch  diameter p o r t  o f  the  d iagnost ic  chamber. The.55 
inch  diameter diagnost ic tank may a lso  be used t o  f i x t u r e  t e s t -  
pieces. The t e s t i n g  area i s  l i m i t e d  by the  s i z e  o f  t he  beam i n  the  
ta rge t  chamber area. The beam (LBL source) i s  e l l i p t i c a l  (96 'cm X 28 
cm a t  t he  .5kw/cm2 constant power densi ty  l i n e . )  

Any non-toxic metal o r  ceramic i s  acceptable as a t e s t  specimen. 

A t y p i c a l  beam p r o f i l e  i s  enclosed. The maximum expected f l u x  
ava i l ab le  i s  9 k ~ / c $  w i th  a maximum power o f  4.6 .megawatts. 

The r i s e  t ime f o r  t he  neu t ra l  beam f u l l  power i s  .2 - .3ms, the  decay 
t ime i s  .02 - .03ms. 

The beam dump now i n  place (Feb. 1982) has a water f low system 
capable o f  750 ps ia  a t  700 gpm f o r  a 5 minute duty cyc le  w i t h  the  
beam. on f o r  30 seconds. 
I f  the  t e s t  sample occludes p a r t  o f  dump, water could be rerouted 
from the shaded p o r t i o n  o f  the  dump t o  the  t e s t  piece (w i th  some 
plumbing modi f icat ions) .  Also ava i lab le  i s  300 gpm o f  u n f i l t e r e d  LCW I 

a t  an i n l e t  pressure o f  75 ps i .  . 

The 75 p s i  LCW system i s  instrumented . for  calor imetry.  The h igh  
pressure system i s  p a r t i a l l y  instrumented f o r  calor imetry.  Assorted 
vacuum transducers are placed a t  various places on the  vessel. 

There i s  a t  t h i s  t ime an in formal  schedule f o r  t he  use o f  the  HVTS. 
f a c i l i t i e s .  The schedule-+would a l low t e s t i n g  o f .ou ts ide  samples only 
i n  conjunct ion w i t h  source tes t ing .  

A machine shop i s  adjacent t o  the  HVTS. LLNL has some o f  t he  most 
advanced metal lagraphic and o p t i c a l  f a c i l i t i e s  i n  the United States. 
Across the  s t r e e t  from the  HVTS i s  the  headquarters f o r  t he  Magnetic 
Fusion Energy Computer Center (MFECC) which has a t  the  l a b s  disposal, 
2 CRAYls and a CDC 7600. 

The HVTS has a s t a f f  o f  7 technicians and a h a l f  t ime phys ic i s t  and a 
h a l f  t ime engineer. A t  anytime, the  HVTS may borrow an engineer o r  
technic ian temporar i ly  from another p r o j e c t  i f  t h e i r  s k i l l s  are 
needed. 



2. A. The f a c i l i t y  has no blowdown c a p a b i l i t y .  A diagram o f  t h e  HVTS i s  
enclosed. The c i r c u l a t i o n  loop cannot handle two phase flow a t  t h e  
water o u t l e t  o f  t he  HVTS vessel. 

B. LCW i s  the  primary coolant although a LCW-glycol mixture could be 
addcd since the  cyc le  i s  closed lnnp. 

C. The neu t ra l  sources soon t o  be ava i l ab le  are the  4.6 MW ORNL 
prototype 30 second source and the  3.6 MW LBL prototype 30 second 
source. Also ava i lab le  w i l l  be the  KCA 5.4 MW - 1/2 second source. 

D. The maximum f low r a t e  i s  700 gpm a t  750 p s i ,  w i t h  f u l l  pressure drop 
t o  40 p s i  allowed. The maximum water i s  ava i l ab le  only i f  the  t e s t  
sample i n te rcep ts  the  e n t i r e  beam. 

3. A. Almost no neutron fli-IX i s  generated by the  n e u t r a l  beams i n t e r a c t i o n  
w i t h  vessel mater ia ls .  

B. The t o t a l  length  o f  the  tanks i s  approximately, 30 ft. w i t h  a minimum 
.diameter o f  55 inches. 

C. See resporise 3a. 

O. Almost no gamma heating takes place i n  the  vessel. 

E. The f a c i l i t i e s  w i l l  be used t o  t e s t  and cond i t i on  the  sources f o r .  
. MFTF-0. 

F. The chamber i s  a t  room temperature and t o r r .  

G. The Lab has extensive machine shops, welding shops and vacuum labs.  
Many computer terminals are ava i l ab le  which are  l i n k e d  t o  MFECC. 

H. There are 4 e lec t ron ic  technicians, 2 physics technic ians and a 
technic ian supervisor supporting the  HVTS. 



-u Z c_r ,:: 
o o z  - ... " r;-j -*  m 2 J f z  

r'. 

(3 
Fl 
z r 









APPENDIX K 

O A K R I D G E  NATIONAL LABORATORIES 

R E S ~ N S E  



O A K  RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

UNION CARBIDE CORPORATION 
N U C L E A R  D I V I S I O N  

POST OFFICE BOX Y 

OAK RIDGE, TENNESSEE 37830 

September 17, 1981 

P. Y. Hsu 
ITE-I1 Frcgram Mana.g~r  
Fusion Technology Program 
EG&G 
P.O. BOX 1625 
Idaho Falls, Idaho 83415 

Survey of Test Facilities Suitable for Thermal-Hydraulic 
and/or Thermomechanical Testing of Fusion 

BlanketIShield Components 

Dear Dr. Hsu: 

This letter is in response to your request that we participate in the 
subject survey (letter Sept. 11, 1981; P. Y. Hsu to 0. B. Morgan, Jr.). 

ORNL has had many years of experience related to fusion power develop- 
ment and has strongly supported the establishment of a first wall, blanket, 
and shield verification testing program. In this regard, we responded to 
the original DOE/OFE request for information concerning the establishment 
of such a program, we participated in the March 11-13, 1980 workshop at ANL, 
and submitted a proposal on Jan. 8, 1981 for TPE-I in response to the ANL 
request for Expression of Interest. As these response documents contain 
substantial descriptions of ORNLs facilities and capabilities, they are 
enclosed along with a response to your Enclosure 2 Questionnaire. 

We have long been a leader in fusion energy development as evidenced 
by our ISX (tokamak) prograh, EBT program (leading alternative to a tokamak), 
materials programs, superconducting magnet development, the Large Coii Test 
Facility, Gyrotro'n Program, and the Neutral Beam Programs. In addition, we 
have maintained an active liquid metal development program, and have.been 
continuously active in helium-cooled high temperature gas-cooled reactor re- 
search. We have had the lead role in developing and supplying neutral beam 
injectors for the national fusion energy programs. This' should be of interest 
because neutral beam facilities appear to provide an ideal environment and can 
serve as a heat source. for first wall testing. 



P. Y. I-Isu 
Page 2 
September 17, 1981 

We invite you to visit ORNL and see our facilities firsthand. If you 
desire such'a visit or if there are any questions about this'response or 
need for additional information, please call me at FTS 624-0558. 

> 

Yours tYuly, i 
/ ,! ,< &~PJ 
- i ('., 
T. S. Kress 
EngPileeril~g Tecl~~~ulugy 
Division 

TSK : kf r 

Enclosure 

c c (  w/o enclosure) : L. A. Herry 
H. H. Haselton 
T. J. Hwcford 
R. E. MacPherson 

' 0 .  B. Morgan, Jr. 
J. B. Roberto 
M. W. Rosenthal 
J. Sheffield 
H. E. Trmcll 
D. B. Trauger 
C. D. West 



Enc losure  2 
Page L of  2 

QUESTIONNAIRE FOR TPE-I1 FACILITY SURVEY 

1. What f a c i l i t i e s  do you have f o r  conduc t ing  steady o r  c y c l i c  thermo- 
i l i e c h ~ n i c a l  hea t i ng  exper iments? 

a. What i s  t h e  hea t  source? 

. b.  What i s  t h e  t e s t  environment (vacuum,, i n e r t  gas, e tc . )?  

C. WhaL s i z e  ~ n d  c o n f i g u r s t i o n  o f  t e s t  p ieces  w i l l  they acconmodate? 

d .  Uhat m a t e r i a l s  can be accommodatedin t h e  t e s t  space,?, 

e. What range o f  temperatures and/or power can be achieved? 

f .  What a r e  t h e  r i s e  and decay t imes  o f  temperature/power i n  these 
f a c i l  i t i e s ?  

g. What c a p a b i l i t y  e x i s t s  f o r  a c t i v e  c o o l i n g  o f  a  t e s t  p i ece  i n  these 
f s c i  1  i t i e s ?  

h .  How a r e  these  f a c i l  i t i e s  ins t rumented? 

i. What i s  t h e  a v a i l a b i l i t y  and approximate o p e r a t i n g  c o s t  o f  these  
f a c i l i t i e s ?  

j. What s u p p o r t i n g  f a c i l i t i e s  a re  a v a i l a b l e ,  e . g . ,  machine shops, 
a n a l y t i c a l  l a b o r a t o r i e s ,  e tc .?  

k.  What a r e  t h e  numbers and q u a l i f i c a t i o n s  o f  personnel a v a i l a b l e  t o  
,support t e s t s '  i n  these f a c i  1  i t i e s ?  

1 .  Uhat o t h e r  aspects  o f  these f a c i l i t i e s  would be p e r t i n e n t  t o  t e s t s  o f  
t h i s  t y p e ?  



Response to Enclosure 2 (~uestionnaire for TPE-I1 Facility survey) 

1. Facilities 

The Core Flow Test Luvp (CFTL) - a large sophisticated helium circu- 
lating facility with associated ~ M W  power supplies and PDP-11 data 
acquisitiur~ system. 

A large ultra-high G.E. vacuum chamber 

Miscellaneous water circulating equipment (pumps, valves, piping, etc ) 

Neutral Beam Injection Facilities 

The ISX Test Facilities 

a. - Neutral Beam Injectors 

- Small Plasma Torches 

- Direct Electrical 

- Radiant heat sources can be obtained from space industries 

b. - V:~cuum 

c. - Sisc :~nd.  corl:l':i~;ur.r.~.tion oJ' .Lest j)ieces depends on Fa.ci1i.t.y. 
The vacuum chamber is 1.2 M dim. by 3.35 M high and could 
probably accommodate a test specimen of the order of 5000 
cm2 

d. - Any appropriate first-wall materials (e.g. graphite tile, 
stainless steel, aluminum, etc.) 

e. - Unknown 

f. - Unknown 

g. - Helium and water 

h. - Instrumentation will have to be supplied for test pieces. 
Facilities have miscellaneous instruments for flow, tempera- 
ture, and pressure measurement. 

i. - CFTL,'vacuum chamber,' water equipment, neutral beam facilities 
and other ISX facilities have partial availability. On defi- 
nition of program, facility availability and cost would be 
determined. 

j. - ORNL is a large interdisciplinary laboratory with extensive 
J support facilities (machine shops, chemistry, physics, and 

materials laboratories, and large computer facilities). 



k. - The facilities are controlled by ORNLs Fusion Energy 
Division and Engineering Technology Division. Conse- 
quently, a large cadi-6 of highly qualified and experi- 
enced personnel are available from which Lo choose sup- 
port personnel for first wall testing. 



F I R S T  WALL DEVELOPMENT 

' T o  So KRESS 

PREPARED FOR F U S I O N  PROGRAM PLANNI'NG M E E T I N G  

OAK R I D G E  

FEBRUARY 9, 1981 
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STARTED WITH LETTER FROM COFFMAN ANNOUNCING DOE/OFE'S 

INTEREST I N  STARTING A F IRST-WALL PROGRAM AND REQUEST1 NG 

INFORMATION ON C A P A B I L I T I E S  

ORNL TEAM SUBMITTED A PROPOSAL 

ANL SELECTED AS LEAD .LAB 'WITH GUIDANCE THAT THEY MUST 

INVOLVE OTHER LABS, U N I V E R S I T I E S  AND INDUSTRY 

ANL SET UP A WORKSHOP TO HELP DEFINE. THE PROGRAM WHICH 

WAS DIVIDED INTO FIVE SEPARATE PROGRAM ELEMENTS (ORNL 

PART I c I PATED) 

AS A RESULT OF WORKSHOP, ANL ISSUED REQUEST FOR 

"EXPRESS IONS-OF-I NTEREST" FOR SUB-CONTRACTING THREE 

OF THE F I V E  PROGRAM ELEMENTS, WE ISSUED ABOVE PRO- 



THE OBJECTIVES OF THE FIRST-WALL PROGRAM ELEMENT ARE: 

TO PROVIDE THE B A S I C  HEAT TRANSFER, F L U I D  MECHANICS, 

AND MECHANICAL STRAIN PERFORMANCE DATA FOR F I R S T  WALL 

DESIGN 

- ASSYMETRTC SURFACE AND VOLUME HEATING 

- CLYCIC LOADING 

- WATER COOLED TUBULAR DESIGNS 

- ,L IMITERS 

- COOLED AND UNCOOLED ARMOR 

- HELIUM COOLED MODULAR DESIGNS 

- PLASMA DISRUPTIONS 

TO PROVIDE O P T I M I Z A T I O N  AND Q U A L I F I C A T I O N  TESTING FOR 

DESfGN OPTIONS 

- FAILURE MODES AND FREQUENCIES 

- L I F E T J M E  PROJECTIONS 

- COMPUTER MODEL DEVELOPMENT AND V A L I D A T I O N  



SIMPLIFIED SCHEMATIC DIAGRAM OF PROPOSED FIRST-WALL 
THERMAL HYDRAULlCnHERMOMECHANIC TEST FACILITY 

ORNL-OWG 863690 FED 
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Contract No. IV-7405-eng-26. . 

, .. . . 

FIRST. WALL, BLANYST, SHIELD (FWBS). 

TEST P R O G W l  

July 1979 

OAK RIDGE XATIONAL LiIBORATORY 
Oak Ridge, Tennessee 37830 

operated by 
UNICN CARBIDE COKl'ORATTON 

, for the 
DEPARTbiENT O F  ENERGY 
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1. INTRODUCTION 

Oak Ridge Na t iona l  Laboratory  (ORNL) i s  i n  t o t a l  suppor t  of a 

'development program t h a t  would provide  exper imenta l  t e s t i n g  c a p a b i l i t y  

f o r .  f i r s t  w a l l ,  b l a n k e t ,  and s h i e l d  (FWBS) components. - We perce ive  

t h a t  such a  t e s t i n g  program w i l l  be a  c r u c i a l  element of t h e  n a t i o n a l  

program a s  f u s i o n  moves i n t o  a  more r e a c t o r - l i k e  phase. 

The need f o r .  such  a  program a r i s e s  because o f ,  t h e  unique .cambi- 

n a t i o n  of the rmal ,  s t r u c t u r a l  , neu t ron ic , ,  magnet ic ,  and.  m a t e r i a l s  

problems t h a t  a r e  t o  be encountered i n  r e a c t o r - l i k e  FWBS systems and 

because  of t h e  f a c t  ' t ha t  t h e r e  i s  on ly  l i m i t e d  t echno log ica l  exper i -  

ence  t h a t  i s  d i r e c t l y  a p p l i c a b l e .  

I n  t h i s  document we propose a n  a g g r e s s i v e  program t h a t  would 

provide  d i r e c t  suppor t  t o  t h e  FWBS needs of dev iccs  such a s  t h e  

Engineer ing T e s t  F a c i l i t y  (ETF),  t h e  Experimental  Power Reactor  ( E P R ) ,  

and t h e  Commercial Demonstrat ion Reactor  (DEtlO) a s  they become p a r t  of 

t h e  n a t i o n a l  program. 

I n  such  a  program, t h e r e  appears  t o  be  a  c o n s i d e r a b l e  amount of 

v a l u a b l e  t e s t i n g  t h a t  can be done us ing e x i s t i n g  o r  e a s i l y  developed 

f a c i l i t i e s ;  Consequently,  we recommend, i n i t i a t i o n  of t h i s  program 

w i t h  s e p a r a t e  e f f e c t s  exper iments  t h a t  a r e  r e l e v a n t  t o  a  v a r i e t y  of 

t h e  d e s i g n s  d e s c r i b e d  i n  t h e  paper s t u d i e s .  The advantages of such a n  

e f f o r t  a r e  a s  fo l lows.  

1. T e s t i n g  could  begin i n  N 1980. 

2. U t i l i z a t i o n  of e x i s t i n g  f a c i l i t i e s  would have t h e  l e a s t  

impact on OFE's budget. . : 



3. Exper ience  necessa ry  t o  d e f i n e  a  ded ica ted  FWBS t e s t  

f a c i l i t y  would be ob ta ined .  

4. C r u c i a l  des ign  d a t a  wnu1.d be a v a i l a b l e  f o r  ETF FWBS 

preconcep tua l  des ign  e f f o r t s .  

To c o n f i d e n t l y  p rov ide  FWBS hardware f o r  ETF, EPR, and DEMO, a  

d e d i c a t e d  t e s t  f a c i l i t y  w i l l  have t o  be c o n s t r u c t e d  t o  develop and 

q u a l i f y  FWBS components and complete assembl ies .  The i n h e r e n t  com- 

p l e x i t y  of  FWBS systems r.oupled with t h e  d i f f i c u l t y  of doing r o u t i n e  

maintenance on such systems w i l l  r e q u i r e  t h a t  they be very  r e l i a b l e .  

The o n l y  way such r e l i a b i l i t y  can be achieved is by i n c o r p o r a t i n g  

t e s t i n g  c h a t  kimulaces t h e  r e a c t o r  environment a6 t a i t h f u l l y  a s  pas- 

s i b l e .  A d e d i c a t e d  FWBS f a c i l i t y  a s  d e s c r i b e d  i n  t h i s  document ap- 

pears  capable of mee t ing  t h e s e  needs. 

We b e l i e v e  t h e  most e f f e c t i v e  FWBS v e r i f i c a t i o n  t e s t i n g  program 

w i l l  r e s u l t  i f  ORNL i s  g i v e n  t h e  l ead  r o l e  i n  conducting and d i r e c t i n g  

t h e  program. The fo l lowing  c o n s i . d e r a t i o n s ,  inc luded i n  t h e  t e x t  of 

t h e  p roposa l ,  suppor t  t h i s  conclus ion.  

1. A s  a  r e s u l t  of  ORNL's p a r t i c i p a t i o n  i n  a  v a r i e t y  of programs, 

s i g n i f i c a n t  equipment and c a p a b i l i t y  t h a t  a r e  d i r e c t l y  a p p l i c a b l e  

a l r e a d y  e x i s t .  

2. Thc ongoing s . t rong p a r t i c . i p a t i o n  of ORNL i n  t h e  n a t i o n a l  f u s i o n  

energy program provides  t h e  o p p o r t u n i t y  f o r  c l o s e  c o o r d i n a t i o n ,  

p a r t i c u l a r l y  w i t h  ETF, and respons iveness  t o  DOE needs. 

3. ORNL management h a s  c o n s i s t e n t l y  demonstrated u n q u a l i f i e d  suppor t  

of t h e  f u s i o n  energy program. 

4. ORNL has  a l r e a d y  d e m o n s t r a t e d t h e  a b i l i t y  t o  i n c o r p o r a t e  i n d u s t r y  and 

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



2. FWBS TEST PROGRAM GOALS AND ORJECTIVES 

The major g o a l s  and o b j e c t i v e s  of t h e  proposed FWBS Tes t  Program 
. . ,  

a r e  a s  f o l l o w s :  
.. . . 

1. To p rov ide  d i r e c t  suppor t  t o  ETF o r  s i m i l a r  by es tab-  

l i s h i n g  a n  Engineer ing Design Data Base f o r  FWBS systems; 

2. ' To prov ide  a  d e d i c a t e d  . r e s t i n g  f a c i l i t y  i n  o r d e r  . t o  q u a l i f y  FWBS 

systems p r i o r  t o  t h e i r  i n s t a l l a t i o n  a t  t h e  ETF s i t e ;  - 

3. .To p rov ide  r e l e v a n t  FWBS exper iments  dur ing  ETF o p e r a t i o n  so  t h a t  

subsequent  EPR development needs can be i d e n t i f i e d  and accommo- 

d a t e d ;  and 

4 .  .TO prov ide ,  i n  a d d i t i o n  t o  d i r e c t  t e s t i n g  and development sup- 

p o r t ,  recommendations t o  OFE f o r  t h e  development needs of pa ra l -  

l e l  programs necessa ry  t o  inplemerlt EPR and DEPIO FWBS systems. 



3. RECOMmNDED FWBS VERIFICATION TESTING PROGRAM 

3.1 GENERAL DESCRIPTION OF PROPOSED TEST PROGM THROUGH ETF 

I n  i n i t i a t i n g  t h e  t e s t  program, t h e  v a r i o u s  paper s t u d i e s  would 

e s t a b l i s h  t h e  b a s i s  f o r  conduct ing experiments.  In  t h i s  c o n t e x t ,  t h e  

i n i t i a t i o n  of  t h i s  t e s t  program must be preceded by .  a  t e c h n i c a l  a u d i t  

of any d e s i g , r  d e s i g n  f e a t u r e  t h a t  i s  a l l e g e d l y  ready  f o r  develop-  ---- . . 

ment t e s t i n g , .  The major t e c h n i c a l  u n c e r t a i n t i e s  should  be  i d e n t i f i e d  
' - --- ....- -:+"+a-'--' 

i n  such a n  audit. T h i s  procedure w i l l  de te rmine  whether t h e r e  i s  a 

need f o r  n o r e  a n a l y s i s  and d e s i g n  and d e f i n e  t h e  n a t u r e  of s p e c i f i c  

experiments.  

1n a b r o a d e r .  s e n s e ,  t h i s  procedure should  be adopted throughout 

all, phases of t h i s  t e s t  program. The major po in t  i s  t h a t  a  develop- 

ment t e s t i n g  program r e q u i r e s  a  c o n t i n u i n g  and coord ina ted  e f f o r t  

i n v o l v i n g  a n a l y s i s ,  d e s i g n ,  and experiment.  

The d i s c u s s i o n  t h a t  fo l lows  d e s c r i b e s  t h e  t e s t  program i n  t e n s  

of  s e p a r a t e  e lements  t h a t  r e f e r  t o  the  s p e c i f i c  s=ope of the  t e s t i n g  

t o  be performed. The chronology of a c t u a l l y  implementing t h e  t e s t  

program would probably  i n v o l v e  c o n s i d e r a b l e  o v e r l a p  between t h e s e  e le-  

ments; 

Element I - Gen_eric -. Research ----- and Development (R&D): Separa te  ef- 

f e c t s  exper iments ,  t o  be conducted i n  a v a r i e t y  of e x i s t i n g  ( o r  e a s i l y  

developed)  f a c i l i t i e s  w i l l  address  t h e  b a s i c  i s s u e s  concerning whether 

t h e  d e s i g n  approaches  used i n  t h e  paper s t u d i e s  a r e  v e r i f i a b l e  w i t h i n  

a v a i l a b l e  technology.  



Element I1 - Pro to type  Component Tes t ing :  When t h e  g e n e r i c  RCD 

t e s t i n g  h a s  e s t a b l i s h e d  t h e  v a l i d i t y  of s p e c i f i c  concep t s ,  t h e  program 

would j t ~ s t i f y  t h e  f a b r i c a t i o n  of f u l l -  o r  subsca le  FWBS components t o  

undergo s imula ted  r e a c t o r  t e s t i n g .  Such t e s t i n g  would involve  
. , 

performance and endur:nce e v a l u a t i o n  i n  n v e r s a t i l e ,  ded ica ted  

f a c i l i t y  capab le  of s'; ~ l a t i n g  t h e  combined e f f e c t s  of t h e  r e a c t o r  en- 

vironment.  

Element 111.- I r?~ . : . :~ :a l  Assembly Proof Test ing:  The scope of t h i s  

t e s t i n g  e f f o r t  w i l l  be t o  v e r i f y  t h e  performance and r e l i a b i l i t y  of 

t h e  i n t e g r a l  b l a n k e t ,  s h i e l d ,  and f i r s t  w a l l  assembly, inc lud ing  a l l  

t h e  necessa ry  p ip ing  and suppor t  s t r u c t u r e .  Ensuring t h a t  FWBS sys- 

tems a r e  q u a l i f i e d ,  insomuch a s  i s  p o s s i b l e ,  be fo re  d e l i v e r y  t o  t h e  

ETF s i t e  w i l l  be t h e  i n t e n t  of t h i s  t e s t i n g ,  t o  be performed a t  t h e  

d e d i c a t e d  s i t e  developed f o r  Element 11. 

3.2 ELEXENT I - GENERIC R&D 

3.2.1 F i r s t  Wall Gener ic  T e s t i n g  

I n  t h e  absence of d i v e r t o r s ,  i t  i s  es t ima ted  t h a t  t h e  s u r f a c e  

h e a t i n g  r a t e s  on r e a c t o r - l i k e  f i r s t  w a l l s  i s  ' i n  t,he range of ' 

50-100 'w/cm2. I n  a d d i t i o n ,  i n t e r m i t t e n t  su rgace  h e a t i n g  r a t e s  

, . a s  h i g h  a s  2.0 x l o 4  w/cm2 f o r  roughly. 20 msec o r  so  could .occur 

a s  a  r e s u l t  of a major plasma d i s r u p t i o n .  . 

A review of t h e  paper  s t u d i e s  i n d i c a t e s  v a r i o u s  d i s t i n c t  des ign 
: > s  

approaches  f o r  accommodating t h i s  f i r s t  w a l l  h e a t  flu*:' Arrays of 

s m a l l  d iamete r  tubes ,  a n n u l a r  passageways i n t e r s p a c e d  between p r e s s u r e  



v e s s e l s ,  and l a r g e  i r r e g u l a r  f lowing l i q u i d  meta l  c o o l a n t  passages  
...... . ,  

predominate c u r r e n t  concep tua l  d e s i g n  approaches.  

The fo l lowing  impor tan t  f a c t s  c h a r a c t e r i z e  t h e  f i r s t  w a l l  heat  

f l u x  problem and t h e  d e s i g n s  t h a t  have been suggested t o  accommodate 

i t s  e f f e c t s :  

1. The number of  c y c l e s  f o r  r e a c t o r - l i k e  dev ice  i s  lo5 t o  lo6. 

It i s  g e n e r a l l y  r egarded  t h a t  t h e  f i r s t  w a l l  must be cooled wi th  

f lowing f l u i d ,  must be  l e a k - t i g h t  t o  vacuum s t a n d a r d s ,  and must 

be  m e t a l l i c .  A s e a r c h  f o r  a n  a p p l i c a t i o n  i n  which a l l  t h e s e  con- 

d i t i o n s  a r e  met appears  t o  r e v e a l  t h a t  t h e r e  i s  no precedent .  

2. Anal y ~ c s  of proposed  f i r c t  w a l l s  l iuvc been, in ge i l e id l ,  approxl-  

mate and c u r s o r y ,  and i t  can  be expected t h a t  t h e  d e t a i l s  of 

the rmal ly  induced s t r e s s e s  w i l l  be worse than  shown by ana lyses .  

I n  c o n s i d e r a t i o n  of t h e  above f a c t o r s ,  i t  i s  suggested t h a t  the  

most urgent  t e s t i n g  requirement  i n s o f a r  a s  f i r s t  w a l l s  a r e  concerned 

i s  t o  e s t a b l i s h  exper imenta l ly  t h a t  t h i s  d i f f i c u l t  a r e a , i s  not beyond 

t h e  l i m i t s  of t h e  proposed d e s l ~ n s  o r  e x i s r i n g  technn.l.ngy. 
. . 

The scope of t h e  t e s t i n g  a t ,  t h e  g e n e r i c  l e v e l  would i d e n t i f y  the  

f i r s t  w a l l  geometry and h e a t  f l u x  a s  t h e  primary exper imenta l  v a r i -  

a b l e s .  Other exper imenta l  f e a t u r e s ,  such a s  ' t e s t  temperature ,  

m a t e r i a l s ,  t e s t  a tmosphere ,  c o o l a n t  p u r i t y  l e v e l s ,  e t c . ,  would b e  

s e l e c t e d  f o r  convenience.  

I n  o r d e r  t o  accomplish t h i s  f i r s t  w a l l  g e n e r i c  t e s t i n g ,  t h e  use 

of e x i s t i n g  c o o l a n t  loop f a c i l i t i e s  wi th  a p p r o p r i a t e  m o d i f i c a t i o n s  

appears  t h e  most p r a c t i c a l  opt ion.  These m o d i f i c a t i o n s  would provide  

a h e a t  f l u x  capab le  of s i m u l a t i n g  t h e  c o r r e c t  magnitude, d u r a t i o n ,  and 

number of c y c l e s .  .. 



A r e l a t i v e l y  s imple  method of s i m u l a t i n g  t h e  hea t  f l u x  dur ing 

normal plasma o p e r a t i o n  would be t o  use  a r r a y s  of tungs ten  f i l ament  

q u a r t z  lamps wi th  p l a n a r  r e f l e c t o r s .  These lamps have been a v a i l a b l e  

commercial ly wi th  f l u x  c a p a b i l i t i e s  up t o  215 w/cm2. The plasma 

d i s r u p t i o n  h e a t  f l u x  s i m u l a t i o n  could  be provided by i n t e n s e  hea t ing  

d e v i c e s  such a s  a  plasma o r  Marshal gun o r  a  n e u t r a l  beam i n j e c t o r  

t h a t  cou ld  p rov ide  n o t  on ly  t h e  r i g h t  magnitude but a l s o  t h e  very  

s h o r t  d u r a t i o n  p u l s e s  t h a t  a r e  f e l t  dur ing  a  major plasma d i s r u p t i o n .  

It i s  expected t h a t  t h i s  t e s t i n g  w i l l  p rovide  des ign d a t a  h e l p f u l  

i n  t h e  o p t i m i z a t i o n  of f i r s t  w a l l  performance through s t r u c t u r a l  and 

the rmal  h y d r a u l i c  innova t ions .  I n  a d d i t i o n  t o  t h e  va lue  t o  b lanke t  

f i r s t  w a l l s ,  such t e s t i n g  would be of c o n s i d e r a b l e  value  t o  o t h e r  on- 

go ing  programs. For example, some of t h e  s e v e r e  problems f a c i n g  t h e  

development of l i m i t e r s ,  d i v e r t o r  p a r t i c l e  co l l ec to r s* ,  and a n c i l l a r y  

hardware t y p i c a l  of long p u l s e  n e u t r a l  beam i n j e c t o r s  could be ap- 

proached through t h e  use  of  t h e  t e s t  d a t a  and appara tus .  

3 . 2 . 2  Blanket and S h i e l d  Heat S ink  Generic Tes t ing  

Paper  s t u d i e s  r e l a t e d  t o  t h e s e  components have suggested va r ious  

schemes t o  remove t h e  h e a t  i n t e r n a l l y  depos i t ed  i n  t h e  moderator and 

s h i e l d i n g  m a t e r i a l s .  The poss ibde e f f e c t s  of c a l c u l a t i o n a l  e r r o r s  

a s s o c i a t e d  w i t h  t h e s e  paper  s t u d y  des igns  a r e ,  i n  concept ,  not  a s  

s e r i o u s  a s  those  a s s o c i a t e d  wi th  t h e  f i r s t  w a l l  des igns .  This  s i t u a -  

t i o n  a r i s e s  p r i m a r i l y  because of t h e  r e l a t i v e l y  low power d e n s i t i e s  i n  

t h e  b lanke t  and s h i e l d  components. I n  a d d i t i o n ,  t h e r e  appears  t o  be 

ample d e s i g n  c a p a b i l i t y  f o r  providing more than adequate  s u r f a c e  



coo l ing  a r e a s  t o  t h e  hea ted  volumes of t h e  v a r i o u s  b lanke t  and s h i e l d  

concepts .  

There  i s ,  however, some concern  f o r  s p e c i f i c  types  of des igns .  

I n  p a r t i c u l a r ,  some of t h e  s o l i d  b reeder  d e s i g n s  where t h e  c o o l a n t  i s  
' &*I- 

passed over  moderator beds c o n s t r u c t e d  of b locks ,  p.ebbles, 2,nd powders 

need g e n e r i c  t e s t i n g .  I n  t h e s e  c a s e s ,  t h e r e  is  t h e  p o t e n t i a l  f o r  

deleterious stagnation r e g i n n s  o c c i ~ r r f n g  in t h ~  rnnlant f l n w  p a t h .  

Because sf t h i s ,  t e s t s  shou ld  be providcd c i t h c r  t o  v c r i f y  o r  dcvclop 

ways of p reven t ing  such  phenomena. Th i s  type  of t e s t i n g  could  prob- 

a b l y  be accomplished by bench-type f l u i d  mechanics t e s t s  and would not  

require simulation of internal heating of t h e  mnderatnr heds; f . ~ . ,  a 

d e t a i l e d  d e s c r i p t i o n  of  t h e  f low p a t h  would adequa te ly  v e r i f y  t h e  h e a t  

t r a n s f e r  mechsnisas.  

3 . 2 . 3  Gener ic  ?fHD-Related T e s t i n g  

In  c o n s i d e r i n g  b l a n k e t s  where l i q u i d  l i t h i u m  is  c i r c u l a t e d  a s  t h e  

c o o l a n t  a s  w e l l  a s  b l a n k e t s  where t h e  breeding m a t e r i a l  i s  l i q u i d  

l i t h i u m  n o t  c i r c u l a t e d .  f o r  c o o l i n g ,  XHD a s p e c t s  must be cons ide red .  

Within t h e  p a s t  seven o r  e i g h t  y e a r s ,  n e a r l y  a l l  of t h e  advances made 

i n  unders tand ing  t h e s e  i n t e r a c t i o n s  f o r  f u s i o n - r e l a t e d  g o a l s  have been 

funded on a r e i a t l v e i y  s m a l l  s c a l e .  I f  t h i s  m a t e r i a l  i s  t o  be 

s e r i o u s l y  cons ide red  f o r  FWBS u s e ,  t h e  l e v e l  of unders tanding of t h e s e  

phenomena needs t o  be improved. The fo l lowing  a r e a s  need improvenent 

i n  l c v c l s  of unders tand ing  t h a t  can be ob ta ined  by g e n e r i c  t e s t i n g :  

1. C i r c u l a t i o n  indu.ced by t h e r m o e l e c t r i c  e f f e c t s  t h a t  a r i s e  because 

of t!~e d i s s i m i l a r  n a t u r e  of l i t h i u m  and containment m a t e r i a l s ;  



2. Improvement in the state of knowledge of flow resulting when 

lithium is circulated in small tubes that are themselves immersed 
- -- 

in lithium; 

3. Extent and consequences of stagnant regions as they affect cool- 

. . ant flow and tritium removal; and 

4 .  Effects of changing poloidal field on fluid motion and stresses. 

To provide adequate experimental capability to match FWBS conditions 

requires: (1) large test volumes, (2) high'magnetic fields, and (3) 

capability for flowing large volumes of liqui7d 'li'thium. The Tirst two 

items are already well satisfied at ORNL in the form of the Magnetic 

Isotope Separation ~acilities (HISF) in which a volume 1.2 m diam by 

0.3 m thick can presently provide 0.65 T on a steady-state basis (see 

photographs of facility in Appendix). If the 'lithium flow capability 

is added to this facility, the important dinensionless parameters can 

be increased by about one or two orders of nagnitudc over what has 

previously been available with smaller magnets and with mercury as the 

operating fluid. 

To make this picture more attractive, implementation of this 

capability would, it is anticipated, provide a key factor for the ex- 

pected divertor technology program at ORNL. The need here is to deal 

with lithium flow as a divertor ion-and-energy collection medium. 

. . 

3.2.4 Materials Compatibilities - 

From the.paper studies, likely breeder/structure/coolant combi- 

nations have been identified. The compatibility of these materials 



with each other within the typical reactor environment can be esta- 

blished in standard metallurgical testing systems that would be de- 

signed to: 

1. Determine temperature and impurity limits for lithium com- 

patibility with aus tenitic stainless steels, selected higher 

nickel alloys, and selected vanadium and titanium alloys; 

2 .  Determine chemital compatibility of select~d solid bre~ding 

matepials with "esmme~eial" helium; 

3. Determine compatibility limitations of selected structural 

materials with commercial helium; 

4 ,  B ~ t e ~ d n e  compatibility of graphite cladding materials. 

The issue of activation specie transport involves species such as 

6 0 ~ o  generated in the first wall region that would be transferred to 

the blanket moderator by liquid/metal corrosion. Such products would 

then be transported to components outside-the reactor such as the 

primary heat exchangers or the tritium extraction equipment. These 

phenomena can be appropriately studied in in-pile facilities such as 

exist in the Oak Ridge Research Reactor (ORR), where there are access 

holes approximately 0.5 x 0.6 m to the reactor face that can 

accommodate a variety of in-pile experiments. In addition, stable 

isotopes can be used to make such studies in the materials compatibil- 

ity tests. 

3.3 ELEXENT 11 - SUBSYSTEM COPPONENT TESTING 

3.3.1 A Dedicated FSJBS Test Installation 

The intent of this testing will be to verify the performance and 

reliability of FITBS components at the module or subassembly level. 



During such t e s t i n g ,  i t  w i l l . b e  of c r u c i a l  importance t o  sirnulta- 

neous ly  expose r e p r e s e n t a t i v e  f u l l -  o r  s u b s c a l e  specimens t o  t h e  com- 

bined e f f e c t s  of t h c  r e a c t o r  environment. I n  o r d e r  t o '  accomplish 

t h i s ,  t h e  t e s t  environment would bc r e q u i r e d . t o  match rhe  maglietic, 

vacuum, t empera tu re ,  e t c . ,  c o n d i t i o n s  of ' the -des igus  L e P i ~ g  t e s t c d  oc 

c l o s e l y  a s  p o s s i b l e .  

Experiments a t  t h i s  l e v e l  appear  t o . r e q u i r e  a s p e c i a l ,  ded ica ted  

themal/hydraul ic/niechanical  t e s t  i n s t a l l a s t i o n .  Such a n  i n s t a l l a t i o n  

would have t o  be v e r s a t i l e  enough t o  'accommodatB. d i f f e r e n t  d e s i g n  con- 

c e p t s .  I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,  a  d e s c r i p t i o n  of t h e  t e s t i n g  

and f a c i l i t y  requirements  w i l l  be  given. '  

3 . 3 . 2  Thermal./!?vdrauJ.ic C o n s i d e r a t i o n s  dur ing  Subassembly 
Q u a l i f i c a t i o n  T e s t i n g  

Thermal /hydraul ic  s i m u l a t i o n s  w i l l  i n c l u d e  s u r f a c e  h e a t i n g  

(normal and d i s r u p t e d )  and i n t e r n a l  hea t ing .  The t e s t i n g  would be 

performed us ing  t h e  a c t u a l  c o o l a n t  c i r c u l a t i n g ' a t  a  r a t e  and p r e s s u r e  

necessa ry  t o  provide  t h e  t empera tu res ,  temperature  g r a d i e n t s ,  and 

pressure- induced s t r e s s  f i e l d s  a s  designed.  The t e s t i n g  would prob- 

a b l y  be done i n  a  vacuum environment t o  s i m u l a t e  mate r i a l#  f a t i g u e  re-  

sponse ' and  t o  a l l o w  i d e n t i f i c a t i o n  of f a i l u r e s  c h a r a c t e r i z e d  by smal l  

vacuum l e a k s  i n  t h e  c o o l a n t  c i r c u i t s .  The f a c i l i t y  w i l l  be r equ i red  

t o  provide  t h i s  s imula ted  environment f o r  a  d u r a t i o n  t y p i c a l  of t h e  

lo5-106 r e a c t o r  cyc les .  Var ious  coo lan t  loops  t o  provide 

g a s e s ,  molten s a l t ,  l i q u i d  meta l s ,  and p r e s s u r i z e d  water  w i l l  have t o  

be  provided t h a t  a r e  capab le  of absorbing s e v e r a l  megawatts. 



3 i S i 3  M a t e r i a l s  C o n s i d e r a t i o n s  dur ing  Subassembly Q u a l i f i c a t i o n  

. - . . 
T e s t i n g  

. . 

. . 
During t h i s  t e s t i n g  phase ,  m a t e r i a l s  c o n s i d e r a t i o n s  w i l l  r e q u i r e  . . .  

c o n s i d e r a b l e  a t t e n t i o n  i f  v a l i d  v e r i f i c a t i o n  of components i s  t o  be  

expected.  I n  p a r t i c u l a r ,  t h e  t e s t  specimen s t r u c t u r e  must be made of 
- - - -  . -  . . . . - .  

c a n d i d a t e  a l l o y s .  The s p e c i f i c a t i o n s ,  such  a s . d e g r e e  of c o l d  work,, 
. .. .. . . . . . . . 

, . 

s u r f a c e  f i n i s h ,  welding p r a c t i c e ,  and t h e  l i k e ,  must r e a l i s t i c a l l y  

match t h e  in tended  a p p l i c a t i o n .  Likewise ,  t h e  m a t e r i a l s  environment . . 

i n v o l v i n g  c o o l a n t  and moderator impur i ty  l e v e l s  and opera t ing.  tem- ' 

p e r a t u r e s  must a l s o  match t h e  d e s i g n s  being t e s t e d .  

Although i t  might be d e s i r a b l e  t o  perform t h i s  t e s t i n g  on h i g h l y  

i r r a d i a t e d  t e s t  specimens,  t h e  c o s t  and u n c e r t a i n t i e s  of such  t e s t s  . . . . ... . . 

discourage  t h e i r  use .  An a l t e r n a t i v e  approach would be t o  modify t h e  

composi t ion o r  h e a t  t r ea tment  of b l a n k e t  modules t o  s i m u l a t e  t h e  

rad ia t ion- induced  l o s s  of d u c t i l i t y .  These m o d i f i c a t i o n s  would be 

r e l a t i v e l y  minor and would be done i n  such  a  way t h a t  t h e  f a i l u r e  mode 

'would be t h a t  of t h e  i r r a d i a t e d  p l a t e r i a l .  The p r i n c i p a l  advantage t o  

t h i s  approach i s  t h a t  t h e  specimens can be t e s t e d  wi thoq~t  expensive  

s h i e l d i n g ,  remote h a n d l i n g ,  and t h e  l i k e .  Furthermore,  t h e  t e s t  

,volume r c q u i r c d  t o  i r r a d i n t c  t y p i c a l  FWBS componcnto i o  ouch t h a t  t h c  

'observed n e u t r o n  f1uenc.e cou ld  no t  be achieved i n  a  r easonab le  time. 



3 . 4  ELEMENT 111 - INTEGRAL ASSEMBLY TESTING 

Even a f t e r  a s u c c e s s f u l  component development program, t h e  in-  

h e r e n t  complexity of FWBS systcms w i l l  n e c e s s i t a t e  t h e  q u a l i f i c a t i o n s  
,. ..$ .,,'.,b 

of complete FWBS,assemblies. T h i s . e f f o r t  w i l l  r e q u i r c  t e s t i n g  appar-  

a t u s  i n  which' t h e s e  r e p r e s e n t a t i v e  assembl ies  w i l i  undergo both devel-  

opment and e v e n t u a l  proof t e s t i n g .  Here t e s t s  w i l l  be perforned fhac 
. . . ... 

a r e  c r i t i c a l  ' t o  t h e  assembly.performance and r e l i a b i l i t y .  Some t e s t -  
- - . . . . . . - .. . 

i n g  9ay r e q u i r e  p rov id ing  r e a c t o r - l i k e  t h e ' m a l  a ~ d .  magnetic environ-  . . 

Gents  f o r  t h e  assembly. Some t y p i c a l  t e s t i n g  would be: 
. . 

1. V e r i f i c a t i o n  o r  development of c o o l a n t  manifolding t h a t  w i l l  en- 

s u r e  proper  f low d i s t r i b u t i o n  t o  t h e  v a r i o u s  FWBS conponents; 

2. V e r i f i c a t i o n  o r  development of schemes t o  provide  adequate  

thermal  i s o l a t i o n  .between e n t r a n c e  and e x i t  coo lan t  streams 

wi thou t  d e l e t e r i o u s  s t r u c t u r a l ,  e f f e c t s ;  

' % 3 .  " " ~ e r i f  i c a t i o n  o r  development of s t a r t u p  schemes f o r  l i q u i d '  metal  

and /o r  molten s a l t  coola!lts and /o r  moderators;  

4. V e r i f i c a t i o n  o r  development of l e a k  d e t e c t i o n  methods f o r  a l l  

c o o l a n t  connec t ions  o r  passages  expcsed t o  c r i t i c a l  vacuum; and 

. . 
5. V e r i f i c a t i o n  t h a t , d e s i g n  of FWBS suppor t  s t r u c t u r e  i s  adequate  t o  

s u s t a i n  dead weight and magnetic and thermal  loading.  

In  a p a r a l l e l  e f f o r t ,  t h e  remote maintenance development (welding,  

c u t t i n g , , , h a n d l i n g )  t h a t  w i l l  be necessa ry  f o r  a full-sca1.e machine 

u s i n g  a p a r t i c u l a r  b lanke t  coqcept  should  be under way. Fu l l - sca le  

modeling a c t i v i t i e s  w i l l  de termine t h e  f i n a l  p r a c t i c a l i t y  of a des ign.  



3.5 RELATIONSHIP TO EPR AND DEMO 

The s p e c i f i c  g o a l s  of t h e  t e s t  f a c i l i t y  f o r  a n  EPR f i r s t  w a l l ,  

b l a n k e t ,  and s h i e l d  depend so h e a v i l y  on t h e  outcome of ETF t e s t i n g  

t h a t  o n l y  g e n e r a l  comments can be made a t  t h i s  t ime.  

C e r t a i n l y  from ETF o p e r a t i o n ,  b a s i c  source  d a t a  w i l l  be obta ined 

t h a t  w i l l  d e s c r i b e  the. ac tua l ,  dynamics t o  be a n t i c i p a t e d  i n  power 

r e a c t o r  o p e r a t i o n s .  I n  a d d i t i o n ,  o p e r a t i o n a l  exper ience  w i l 1 , b e  

o b t a i n e d  w i t h  which t o  weigh t h e  r e l a t i v e  a teki ts  of t h e  va r ioud  t e s t  

modules in t roduced  i n t o  ETP. From t h i s  d a t a ,  t h e  FWBS t e s t  f a c i l i t y  

would be updat.ed, a s  n e c e s s a r y ,  t o  do q u a l i f i c a t i o n  and development 

t e s t i n g  f o t  t h e  EPK FWBS system. In  a d d i t i o n ,  t h e  t e s t  f a c i l i t y  cou ld  

be modified t o  i n c o r p o r a t e  t h e  ba lance  of p l a n t  a n c i l l a r y  equipment 

necessa ry  f o r '  a n  EPR.. I n  g e n e r a l ,  t h e  t e s t  program f o r  ' on  EPR would 

probably proceed i n  a  way s i m i l a r  t o  t h a t  of ETF w i t h  t h e  i n c l u s i o n  of  

s p e c i f i c  development needs of c o o r d i n a t i n g  t h e  FWBS system w i t h  steam' 

g e n e r a t o r s ,  t u r b i n e s ,  maintenance procedures ,  t r i t i u n  recovery and 

p rocess ing  sys tems,  e t c .  The g o a l s  of t h e  t e s t  f a c i i i t y  would a l s o  

i n v o l v e  t h e  development of  systems t h a t  a r e  opt imized t o  r e f l e c t  the  

needs of commercial power genera t ion .  



4. ORNL CMABILITIES AND FACLLL1'lES 

4.1 FWBS TEST PROGRAM SUPPORT 

For t h i r t y  y e a r s ,  :ORNL has  been e n g a g e d ' i n  a c t i v i t i e s  t h a t  have 

l e d  t o  the ' ,development of e x p e r t i s e  p e r t i n e n t  t o  f u s i o n  r e a c t o r s .  The 

a c t i v i t i e s  of  t h e  Fusion Energy Div i s ion  a r e  w e l l  known, 'but  6 c h e r  

c a p a b i l i t i e s  and a v a i l a b l e  f a c i l i t i e s  may be l e s s  apparent .  ORNL has  

had a n  a c t i v e  l i q u i d  m e t a l s  development program dur ing  t h i s  e n t i r e  

p e r i o d ,  suppor t ing  i n i t i a l l y  t h e  A i r c r a f t  Nuclear P ropu l s ion  Program, 

. then  t h e  Space Program, and now t h e  Liquid  Metal P a s t  Breeder Reactor .  

T h i s  h a s  l e d  t o  a w e a l t h  of exper ience  i n  l i q u i d  meta l  systems des ign  

and o p e r a t i o n ,  hand l ing  and s a f e t y ,  m a t e r i a l s  c o r r o s i o n  c h a r a c t e r i s -  

t i c s ,  instrumentation,.components, and s p e c i a l  requirements.  Severa l  

major l i q u i d  meta l  f a c i l i t i e s  a r e  c u r r e n t l y  i n  o p e r a t i o n ,  and a  sodiuiu 

the rmal  shock f a c i l i t y  i s  i n  standby. We have been c o n t i n u ~ u s ~ y  

a c t i v e  i n  suppor t  of t h e  helium-cooled High TenperatureGas-Cooled Xe-- 

a c t o r  and a r e  c u r r e n t l y  suppor t ing  t h e  Gas-Cooled F a s t  Breeder Xeactor 

by b u i l d i n g  a  major helium-cooled t e s t  f a c i l i t y .  Thus, t h e r e  i s  a  

f a m i l i a r i t y  w i t h  helium technology p a r a l l e l i n g  t h a t  i n  l i q u i d  meta ls .  

Two r e s e a r c h  r e a c t o r s ,  t h e  High Flux I s o t o p e  Reactor and t h e  Oak 

Ridge Research Reactor  a r e  a v a i l a b l e  f o r  s imulated i r r a d i a t i o n  t e s t s  

of  p e r t i n e n t  m a t e r i a l s .  S e v e r a l  l a r g e  b u i l d i n g s  ( t y p i c a l l y  90 x 90 m ,  
, . 

t h r e e  s t o r i e s )  occupied by ORNL i n  t h e  Y-12 P l a n t  a r e  i n  use a s  o f f i c e  

and t e s t  space .  These b a d i n g s  have crane-equipped h i g h  bay a r e a s  

,.'7" . . 

( t y p i c a l l y  30 x 90 rn,:.,l5-m c e i l i n g ) ,  a p p r o p r i a t e  u t i l i t i e s ,  and 
'. . 



e x t e n s i v e  a d d i t i o n a l  space  t h a t  i s . c u r r e n t l y  a v a i l a b l e ' f o r  t e s t  

f a c i l i t y  i n s t a l l a t i o n .  

I n  a d d i t i o n  t o  t h e  above, t h o s e  f a c i l i t i e s  and equipment a t  ORNL 

t h a t  appear  t o  be d i r e c t l y  a p p l i c a b l e  t o  t h e  v e r i f i c a t i o n  t e s t i n g  

program i n c l u d e  t h e  fo l lowing .  

1. The Magnetic I s o t o p e  S e p a r a t i o n s  F a c i l i t y :  There e x i s t  some 

p r e s e n t l y  o p e r a b l e  unique f a c i l i t i e s  b u i l t  dur ing  World War I1 a s  

e l e c t r o m a g n e t i c  i s o t o p e  s e p a r a t o r s .  These u n i t s  c o n t a i n  l a r g e  c o i l s  

c a p a b l e ' o f  producing a magnetic f i e l d  of 0.65 T u r~ i fo rmly  acruss a 

0.4 m gap i n  a . n o ~ . m a l l y  evacuated t e s t  space  of dimensions approxi-  

mate ly  1.2 m diam by 0.3 m thick. Such a f a c i l i t y  cou ld  s e r v e ,  

i n i t i a l l y ,  t o  i n v e s t i g a t e  t h e  MHD e f f e c t s  and magnitudes of c y c l i c  

magnetic load ings  on p a r t i c u l a r  module geometr ies .  It would be a n  

i d e a l  base  on which t o  develop t h e  d e d i c a t e d  FWBS t e s t  i n s t a l l a t i o n  by 

adding t h e  a p p r o p r i a t e  h e a t  s o u r c e s  and l i th ium/hel ium/water .  systems. 

2 .  The Large C o i l  Program F a c i l i t y  (ECPF): The ORNL magnet l a b  

w i l l  have a t o r o i d a l  volume capab le  of about  4 T on a x i s .  Th i s  f a c i l -  

i t y  i s  expected t o  be used through 1983 t o  complete t h e  t e s t i n g  of t h e  

l a r g e  c o i l s .  The LCPF power s u p p l i e s ,  c ryogen ics ,  etc.. ,  a s  w e l l  a s  

t he  chamber itself, may be used a f t e r  t h a t  d a t e  t o  s i m u l a t e .  t h e  mag-. 

net1.c e f f e c t s  n f ,  a  ma jot- plasma d i . s r r . ~ p t f i o n .  

3. Neut ra l  Bean I n j e c t o r s : ,  ORNL has  had a l e a d  r o l e  i.n develop-, 

i n g  and supp ly ing  n e u t r a l  beam i n j e c t o r s  f o r  t h e  n a t i o n a l  f u s i o n  

energy program; consequen t ly ,  t h e  c a p a b i l i t y  and exper ience ,  as we l l  

a s  e x i s t i n g  d e v i c e s ,  a r e  a l r e a d y  on hand. I n  a d d i t i o n  t o  being a  pos- 

s i b l e  h e a t  source  t o  s i m u l a t e  a  plasma d i s r u p t i o n ,  a  n e u t r a l  beam 



injector may be a convenient source of hot particles that can be used 

in experiments to establish the feasibility of proposed divertor 

particle- and energy-collecting schemes. They can also be used to 

investigate material.sputtering due to hot particle-impingement on the 

first wall. 

4. Materials Testing Loops: . As a result of ongoing.and past 

programs-at O W ,  there are a variety of sodium, NAK, helium,-and 
. . 

molten salt test loops and equipment in different stages of develop- 

ment. These should be investigated to determine .the most appropriate 

for reactivation and use as a lithium/heliun/structure materials com- 

patibility test system and for use as heat transfer tests. 

In addition to the availability of many items of specialized 

equipment, O W L  has a unique interdisciplinary capability in the com- 

bination of a strong fusion energy activity, a sophisticated materials 

and fabrication development capability, and an experienced systems- 

and component-testing group backed by a flexible engineering staff. 

ORNL also has ready access to a pro5essional staff possessing the fol- 

lowing applicable experience and capabilities: 

1. Design, construction, and operation of complex test facilities; 

2. Liquid-metal-testing. and handling technology; 

3.  Strengths in experimental engineering, instrumentation and con- 

trols, heat transfer and fluid mechanics, and solid mechanics 

(fracture, fatigue, creep, crack growth, stress, strain, and 

familiarity with finite element techniques); , 

4. In-pile irradiation testing; 



5. Ability and techniques to simulate irradiation damage; 

6. Remote welding and cutting experience and apparatus. 

4.2 JUSTIFICATION'FOR SELECTING OAK RIDGE AS THE SITE 
FOR.THE VERIFICATION TESTING PROGRAM 

Although portions of the gencric RtD activiticc could be placed 

at a variety of sites, there are obvious advantages and powerful in- 

centives for the overall verification testing program direction and 

management to reside at an interdisciplinary national laboratory. 

O W L  can provide: 

1. Existing capability and experience with 

..-- liquid metal 't&chnology, 
- helium technology, 
- fusion technology, 
- ~ M D ,  

- structural mechanics, 

- in-pile irradiation; 
A.vailability of directly applicable facilities or apparatus: 

- llquLd ue~hl slid helium test faciliticc, ' 
- very high heat flux sources (neutral' beam injectors, plasma 

guns, quartz lamps), 

- magnetic-field-generating equipment, 
- irradiation damage simblat ion techniques, 
- artificial crack-initiating.techniques, 
- in-place computer codes for heat transfer, fluid mechanics, 

and finite element structural mechanics, 

- instrumentation and controls, 

- data acquisition sys terns; 



3 ,  Access t o  a  m u l t i d i s c i p l i n a r y  p r o f e s s i o n a l  s t a f f  and 

l a b o r a t o r i e s ;  
\ 

4. P o t e n t i a l  f o r  c l o s e  c o o r d i n a t i o n  wi th  ETF and o t h e r  tokamak 

exper iments ;  

5 .  A d a p t a b i l i t y  and respons iveness  t o  DOE needs; 

6. A v a i l a b i l i t y  of suppor t  f a c i l i t i e s  ( shops ,  l a b o r a t o r i e s ,  assemb1.y 

a r e a s ,  I & C ,  computers,  chemical  and m e t a l l u r g i c a l  l a b o r a t o r i e s ,  

7. Dedicated,  informed, and committed program managers. 



5 .  PROGRAM EXECUTION 

5.1 INTRODUCTION 

We believe the program as' recommended in this document,'is re- 

sponsive to the needs for verification testing of FWBS design con- 

cepts. "he scope includes assessment of proposed design concepts, 

support and generic testing to assess the feasibility and to optimize 

the design concepts, and the development and installation of a dedi- 

cated FWBS test facility to provide overall integral verification to 

FWBS modules of particular designs before they are committed for 

further testing in an ETF. The generic program as outlined ,makes max- 

imum use of existing capabilities to provide fundamentai data on: 

1. First wall and blanket host r r a n s f e r  and fluid flow 

2. MHD effects due to interactions with transient magnet,ic fields 

and - 

3. First wall, blanket and shield materials compatibility. 

In addition, the dedicated test facility will provide endurance, 

perfo-nce, and maintainability verification for specific concepts 

under a simulated reactor environment that includes: 

1'. Vacuum on the "plasma" side; 

2. Simulated plasma heat sources; 

3. Appropriate transient and steady magnetic fields; and 

4. Appropriate first wall, blanket, and shield materials including 

simularted irradiation .damage for the first wall. . 

We propose to initiate. this program by appointing an experienced 

program manager from the ~&ineetin~ Technology ~ivision. A team 



would be assembled a long  w i t h  a  committee t o  review and perform tech- 

n i c a l  a u d i t s . o f  FWBS des ign.>paper  s t u d i e s .  The o b j e c t i v e s  of t h e  

a . u d i t s  would be t o  e v a l u a t e  t h e  o v e r a l l  a p p l i c a b i l i t y  of  t h e , d e s i g n s ,  

e s t a b l i s h  s p e c i f i c  t e c h n i c a l  u n c e r t a i n t ' i e s  and r i s k s ,  and recommend 

t e s t i n g  t o  q u a n t i f y  t h e  u n c e r t a i n t i e s  and reduce t h e  r i s k s .  P a r t i a l l y  

based on t h e  a u d i t s ,  a  complete program p lan  and work breakdown s t r u c -  

t u r e  (WBS) would be developed.  E x i s t i n g  f a c i l i t i e s  and equipment 

would be  surveyed t o  e s t a b l i s h  t h e i r  a p p r o p r i a t e n e s s  and p o t e n t i a l  f o r  

u s e  i n  t h e  t e s t i n g  program. These would p r i m a r i l y  c o n s i s t  o f :  The 

Magnetic I s o t o p e  S e p a r a t i o n s , F a c i l i t y ;  The Large C o i l  Program F a c i l -  

i t y ;  v a r i o u s  h e a t  s o u r c e s  (plasma gun, & r s h a l  gun, q u a r t z  lamps, neu- 

t r a l  beam i n j e c t o r s ) ;  and e x i s t i n g  m a t e r i a l s  and h e a t  t r a n s f e r  t e s t  

loops .  

Such a  program can be s t a r t e d  i n  FY 1 9 8 0  i f  agreement i s  reached 

and t h e  program suppor ted  by DOE/OFE. A t e n t a t i v e  schedule  based on 

t h a t  assumption i s  provided i n  S e c t i o n  5.3,  below. 

5 . 2  LEVEL OF EFFORT 

A t  t h e  w r i t i n g  of t h i s  document, we have had i n s u f f i c i e n t  time t o  

p r e p a r e  r e a l i s t i c  and r e l i a b l e  e s t i m a t e s  of the  y e a r l y  c o s t s  and man- 

power requirements  f o r  t h e  proposed v e r i f i c a t i o n  t e s t i n g  program. We 

w i l l  be prepared t o  d i s c u s s  t h e s e  i n  l a t e r  correspondences o r  

meetings.  
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ORNL Proposal for TPE-I of the First Wall/ 
~lanket/Shield Engineering Test Program 

Introduction 

We view the establishment of a strong first-wall testing and qual2fi- 

ca'tion program to be of critical importance and of high priority at this 

stage of the national fusion energy effort. Consequently, we eagerly 

responded to the original DOE~OFE Request for Information (letter: F. E. 

Coffman, June 5, 1979), participated in the subsequent workshop (Washington, 

March 11-13, 1980), and are now prepared to commit significant resources and 

talents to the program. 

O W L  believes it can make major contributions to a first-wall engineering 

testing program, especially in the area defined as Test Program Element-I 

(TPE-I). This proposal, then, is ourresponse to the November 24, 1980 

Request for Expression of Interest (EOI). Our response, that follows, is 

structured by lettered headings that correspond respectively to the list of 

items requested in the EOI letter with supplementary information as appendices. 

A. Approach 

. . 
In planning for a test progr.am that will provide a first-wall thermal 

hydraulic/thermomechanic engineering data base, it must be recognized that 

the capability is required for testing with both water and helium as possible 

primary coolants. A water-loop facility can usually be assembled relatively 

inexpensively. However, a significant high-pressure helium circulating faci- 

lity (with an associated data acquisition system) can prove to be costly and 

time-consuming to design, construct,,and assemble. Consequently, it would 

be desirable to start from the base of an existing helium facility that has 

the desired capabilities. 

Although much applicable thermal hydraulic data can be developed in an 

open environment, it is also preferable (ultimately essential) that such 

testing be conducted in an appropriate vacuum. 

Consequently, with the above considerations in mind, an approach for 

TPE-I is proposed that would make optimum use of existing facilities and 



equipment, provide early meaningful results in  support of the Fusion 

Engineering Design Center (FEDC; formerly ETF), and provide the flexibility 

for easy expansion into a broader-based' first-wall thermal hydraulic1 

thermomechanic testing facility. The essential elements of this approach 

at O W L  are outlined as follows: 

Re-activation of an existing largc vacuum chamber now 

in standby status (see Section H and Appendix B), making 

any modifications needed to conform to the FW/B/S TPE-I 

requirements ; 

Utilization of existing water-loop equipment (piping, 

pumps, heat exchangers, valves, flowmeters, etc.) to 

aoocmble a system with the appruprlale water cooling 

capabilities; 

Co-location of the above vacuum chamber and water loop 

with an extensive,helium circulating facility now nearing 

completion (see Section H and Appendix C). This would 

allow utilization of the helium facilities PPD-11 based 

data acquisition system and provide easy capability and 

accessibility for helium cooling testing; 

* Establishment, as a supporting participant, particular 

aero-space industry with equipment and experience in 

constructing graphite or quartz filament radiant heaters 

to provide the required radiant heat aources; 

Investigation of the use of laser beams, arc-plasma 

guns, and neutral-beam injectors as alternative heat 

sources to provide the capability of assessing plasma 

disruption effects. 

.With this approach, a flexible test facility will be established at 

minimum cost that has the capability of conducting tests in a vacuum 

environment with either water or helium cooling. The availability of 



the sophisticated high speed data acquisition system ensures the ability to 

take extensive data even with rapid transients that might result from plasma 

disruptions or from loss-of-cooling accident,conditions. Initial tests will 

use water as the coolant and will focus on normal cycle thermal effects in 

support of the FEDC. Key first-wall design data (temperature distributions, 

heat transfer coefficients, flow distributions, strain levels, etc.) will be 

established for different wall geometries, cooling conditions, and structural 

restraints. The system woild also be ,capable of assessing plasma disruption 

effects and off-normal conditions related to reduced cooling, uneven coolant 

distributions, and distorted geometries. 

The extension into Phase-I1 could'consist of: 

Incorporation of a hot ion source; 

Invoking the helium cooling -capability ; 
e .  

' Perhaps providing capability for simulating the magnetic 

loadings ; 

Utilizing the expertise and capability existing in the 

ORNL Fusion Energy Materfals Program to provide test pieces 

that appropriately simulate the properties at any desired 

stage of irradiation damage; 

Utilizing ORNL' s capability in non-des tructive testing to 

develop the capability of detecting crack initiation and 

growth and to provide failure detection capability; 

phase-11' testing would then include evaluating specific design options 

in the appropriate environments. These design options would be optimized 

and for the desired lifetime (>lo5 cycles) with the identification 

of the potential failure nodes, failure locations, and failure frequencies. 

In parallel with Phase-I and Phase-I1 experimentation, there would be a 

complementary analytical effort that would evaluate and correlate the experi- 

mental results and provide the models and calculational tools required for 



. . 

f i r s t - w a l l  des ign and assessment. These models would c o n s i s t  o f  a  cnupl ing 

of e x i s t i n g  thermal-hydraulic (hea t  t r a n s f e r  and f l u i d  mechanics) models w t t h  

s t r u c t u r a l  mechanics models t o  e s t a b l i s h  d e t a i l e d  t r a n s i e n t  temperature d i s -  

t r i b u t i o n s  and thermal s t r e s s e s  under t h e  c y c l i c  load ing  condition's. These 

would provide p re l iminary  des ign  t o o l s  needed t o  opt imize  and e v a l u a t e  com- 

p e t i n g  f i r s t - w a l l  des ign concepts.  The ex tens ion  of theoc t o  prnvj.de thu 

c a p a b i l i t y  of p r e d i c t i n g  f a i l u r e  l o c a t i o n s  and f requenc ies  w i l l  r e q u i r e  t h e  

incorpora t ion  of new models t h a t  would a d d r e s s  f a t i g u e  c rack  i n i t i a t i o n  and 

growth taking cognizance of t h e  cumulative i r r a d i a t i o n  damage e f f e c t s .  

Figure  A - - 1  shows a s in lp l i f i ed  schematic diagram of t h e  proposed f i s s t -  

w a l l  T#/TM oyotem f o r  TPE-I (Phases I and 11) and F igure  A-2 shows a  s impl i -  

f i e d  a c t i v i t y  s t r u c t u r e  f o r  t h i s  approach. 

B. I n c o r p p ~ a t i o n  of Fusion S p e c i f i c  Physics ,  Engineering and Macer ia ls  
' Considera t.$,.~ns 

It i o  c l e a r  thac  the  elements t h a t  d r i v e  t h e  f i r s t - w a l l  R&D needs in-  

c lude f u s i o n  s p e c i f i c  physics  (e.g. r e a c t o r  power c y c l e s ,  plasma behavior ,  

h e a t  loads ,  neutron i r r a d i a t i o n ,  plasma d i s u p t i o n s ,  runaway e l e c t r o n s ,  e t c . ) ,  

s p e c i f i c  engineer ing designs  (e  . g. t h e  proposed FEDC water  cooled t u b u l a r  

arrangement wi th  i t s  armor p l a t i n g  and l i m i t e r  and t h e  v a r i e t y  of modular 

des ign concepts f o r  prototype r e a c t o r s ) ,  and m a t e r i a l s  c o n s i d e r a t i o n s  (e.g.  

plasma/surface i n t e r a c t i o n s ,  neutron i r r a d i a t i o n  damage, and c o n s t i t u t i v e  

p r o p e r t i e s  r e l a t e d  t o  f a t i g u e  r e s i s t a n c e ,  c rack  i n i t i a t i o n  and growth), For 

a r e l e v a n t  f i r s t - w a l l  program, .it is a b s o l u t e l y  e s s e n t i a l  t h a t  t h e s e  consi -  

d e r a t i o u s  tr properly inca rpnra ted  i n t o  t h e  planning and t e s t i n g  and t h a c  

they be kept  c u r r e n t  a s  a  cont inuing p a r t  of t h e  program. 

ORNL i s  f o r t u n a t e  t o  have in-house t h e  e x p e r t i s e  base  and program 

s t r u c t u r e s  t h a t  w i l l  accommodate t h i s  need. The . requ i red  r e s o u r c e s  and 

e x p e r t i s e  base abound i n  t h e  v a r i o u s  f u s i o n  energy a c t i v i t i e s  a s s o c i a t e d  

wi th  t h e  ISX programs, t h e  Fusion Engineering Design Center  (formerly ETF), 

the  EBT-P Program Off ice ,  t h e  n e u t r a l  beam i n j e c t o r  program, ~ l a s m a / s u r f a c e  

i n t e r a c t i o n  s t u d i e s ,  f u s i o n  m a t e r i a l s  s t u d i e s ,  the  Large C o i l  Tes t  F a c i l i t y ,  

e t c .  

The F i r s t  Wall TPE-I Program would be s t r u c t u r e d  t o  t a k e  maximum 

advantage of t h i s  in-house e x p e r t i s e  resource  as w e l l  as t o  u t i l i z e  t h e  
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general interdisciplinary strengths of ORNL. The program would be admini- 

stered and conducted through ORNL's Engineering Technology Division (ETD) 

(formerly the Reactor Division) working closely with the Fusion Energy 

Division. The ETD has had a long history of successful large scale e ~ ~ g l -  

neering testing associated with fission reactors (sodium cooled breeders, 

LWRs, molten-salt fueled reactors, gas (helium) cooled reactors, and space 

power applications involving eutectic NaK and potassium (K)). Therefore, 

ETD has the expertise, experience, capability, and equfpmenr needed 101 a 

superior first-wall program. 

To incorporate the required inter-divisional and inter-disciplinary 

interactions, a matrix program'structure is anticipated as illustrated by 
, . Figure B-1. As shown in Figure B-1, the proposed First-Wall TPE-I can be 

divided into various sub-activities that would involve participation and 

responsibility from various programs and divisional institutions at ORNL 

(only a few of the identified participants would be 100% on the program). 

An internal review committee would be established, made up of carefully 

selected members (see for example Section F) from the various fusion related 

activities at ORNL. This committee will provide the desired interactions and 

continued guidance in areas of plasma physics, plasmalmaterials interactions, 

divertor and limiter technology, first wall engineering (FEDC, EBT-P, and 

general), fusion materials, structural mechanics, and magnetic systems. 

The direct line personnel already identified (see Section F) for the 

TPE-I Program have expertise related to first wall engineering and design, 

heat transfer, fluid and structural mechanics, and development of complex 

engineering test facilities. The project manager and other lead participants 

will maintain active participatory interactions and communication with the 

general fusion energy programs and in particular, with the activities of the 

Fusion Engineering Design Center and the EBT-P Program Office - both physi- 
cally located at ORNL. Strong ties would be maintained with the General 

Engineering design teams responsible for the FEDC design concepts. 

A strong connection would be established to the fusion materials program 

activities in O m ' s  Metals and Ceramics Division to ensure incorporation of 

relevant materials considerations. It is anticipated that this connection 

will have major'input in establishing test piece construction techniques 

that will appropriately simulate the irradiation-damage properties of first- 

walls. The knowledge techniques, and capabilities already exist there for 

that purpose. 
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C. Characteristics of Phase-I Evaluations 

We believe the 1000 cm2 (suggested order of first-wall test surface 

area) should be viewed as a minimum. It is perhaps sufficient to provide 

some basic thermal hydraulic data, but we think it insufficient for later 

testing to establish failure modes and failure frequencies. The intention 

of this proposal would &-to-seek to-provide the capability of testing the 

maximum size test piece limited by our existing vacuum chamber (1.2 M diam. 

x3.35M high) and by the corresponding requfred radiant heat source. We 

believe this could be of the order of a factor of 5 larger than the 1000 cm2. 

Initial test pieces would model sections of the most current FEDC first 

wall design (e.g. the present design features thick-walled, multiple-pass 

tubes welded into header tubes (see Figures C-1 and C-2). Full length 

pieces can be tested for those segments of this first wall design that 
- 

bracket the runaway electron armor on the outboard side (see Figure C-1). 

However, it appears that shorter-than-prototype lengths would have to be used 

for regions such as the vertical outboard section shown on Figure C-2 where 

the full length is %420 cm. Enough individual tube passes, however, would 

be used in the test pieces to include all end effects and effects of return 

bends and header attachments. 

Additional test pieces would include segments of cooled and uncooled 

armor plating and full scale versions of limiter designs. 

When helium cooling capability is utilized, clusters of helium-cooled 

modules,such as those shown in the lower left-hand corner of Figure C-3,would 

be tested. The full test piece cluster of such modules should be statisti- 

cally designed so that there is a sufficient number of them (surface area) 

being tested simultaneously with shortened thermal cycles over the pro- 

jected lifetime (>lo5 cycles) to allow statistically meaningful qqalification , , 
,'&$#&!. ?-* + -4 

data (failure frequency prediction). - -  . IT# 6-?f1 .. .- .&9k~ -+,-- & , +  

Phase-I testing would seek to measure temperature distributions, strain 

distributions (displacements), and heat transfer coefficients under cyclic 

loading,aasymetric heating conditions with independent variations of: the 

magnitude and frequency of heat flux cycling, test piece geometry (e.g. &iw2,, 
i 

tube wall thickness, structural restraints, bends, entrance and exits into 

headers, etc.), and coolant flow conditions (e.g. Reynolds number and flow 

distributions). 
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Under appropriate vacuum conditions and'with simulated.irradiation- 

-damaged test pieces, later ,testing would extend to failure 'qitalification 

(failure modes, locations, and frequencies) as related to the cyclic loading 

conditions . 
With a hot ion source, additional testing would involve effects of plasma 

disruptions, ion impingement onto entrance regions of divertors (and other 

divertor areas) and (possibly) assessment of divertor heat dump surface 
. . cooling. 

Section H of this proposal presents additional information on the 

capabilities of the proposed facilities and projected testing conditions. 
. . .  - 

D. Supporting Participants 

ORNL in general, and their fusion programs specifically, through many 

previous successful inter-relationships, has demonstrated the desire, 

capability, and willingness to work cooperatively with industry, universities, 

and other laboratories. 

For the'First Wall TPE-I proposal as outlined here, we believe the most 

benef itial involvement of supporting participants 'for phase-I would be .in 

providing the appropriate heat sources required in the program to reproduce 

the fusion environment conditions . 
We are aware of similar requirements in particular aero-space industry 

and of their development and use of graphite element radiant heaters (with 

heat fluxes in excess of 200 w/cm2 onto large surfaces) and high power arc 

heaters that might simulate plasma disruption heat source. 

~e~ardless of whether the funding level were 200 K or 300 K in-FY 81, 

the ORNL proposal would be to approach the appropriate aero-space industry 

as soon as program approval is obtained to determine the feasibility, cost, 

and schedule for them to supply the program with a radiant heat source. 

E. Schedule 

A proposed TPE-I schedule is presented in Tab1e.E-1. for five separate 

task areas: facility preparation; response testing, simulation model 

development, qualification testing, and material development for simulation 

of irradiation damage. This schedule is indicative of what we think is 
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realistic but must be considered as preliminary at this time. As indicated 

in Table E-1, a firmer, more detailed, scope and milestone schedule will be 

developed and submitted to MTCC during the second half of FY 82.. 

F. Identification of Key Personnel 

The following professionals have been selected to play key roles in 

conducting the TPE-I program should O W L  be selected as the subcontractor: 

Role Name 
( X  time) 

1. Program Manager . . . . . . . . . . . . . . . . . Dr. T. S. Kress, 
(25% phased into 
100% as program 
expands) 

2.  Assurance of Technical Significance to 
Magnetic Fusion Energy Program . . . . , . . . T. J. Huxford 

(50% phased into 
100%) . 

3. Responsibility for Design, Assembly, and 
OperaLion of Tesr Facilities . . . . . . . . . R. E. MacPherson 

(10%;- 100% from 
direct line staff 
member) 

Biographical sketches of these key personnel are included as Appendix 

A. On Figure B-1 (Section B), a representative matrix' organizational structure, 

thc above three are assuciated respecefvely with the items identified as 

Program Manager, General Engineering Coordinator, and Experimental Engineering 

Section. 

Because we view the establishment of a strong first-wall testing and 

qualification program to be of critical need and of high priority at this 
\ stage of the national fusion energy effort, other key personnel alluded to 

on Figure B-1, especially those identified as "project line personnel,'' will 

be selected for their demonstrated abilities and experience in areas of engi- 

neering experimentation, heat transfer, fluid mechanics, and structural 

mechanics relevant to fusion energy. The in-house "First-Wall Review 

Committee" would be selected from the many excellent and involved experts 



in thevarious ORNL fusion energy programs. They would be selected based on 

their tion, knowledge, and potential contribution to the program. The 

following is a representative list of potential members for this committee 

in alphabetical order: 

L. A. Berry (EBT-P) 

E. 8.  Bryant (Engineering) 

J. M. Corum (Structural Mechanics) 

H. H. Haselton (Plasma Technology) 

0. B. Morgan, Jr. (Fusion Energy Division) 

R. Onega (Plasma Disruptions) 

J. L. Scott (Metals and Ceramics Division) 

J. Sheffield (Tokamaks - ISX-C) 
D. E. Steiner (FEDC) 

H. E. Trammel1 (Engineering Technology Division) 

ORNL management has pledged its support to the first-wall program and has 

given assurance that these people (or others in the various ORNL fusion 

energy programs) may be approached to determine their availability to 

serve on such a review committee. Many have already expressed their willing- 

ness to serve in this capacity. ~electibn of and interaction with, a vital, 

relevant high-level internal committee at ORNL should not be a problem. 

G. Technical and Managerial 'Capabilities of &L 

The fusion work at ORNL, which supports nearly all phases of the 

national toroidal fusion program, is unique in its breadth. This broad effort 

in plasma physics experiment, theory, and technology development, conducted 

in the context of advanced design activities, gives ORNL a major role in the 

development of fusion energy. . 

Since 1969 the program has emphasized tokamaks and the supporting 

technologies. The neutral beam technology developed by the laboratory has 

contributed substantially to recent advancements in tokamak development. 

Other contributions are being made through the development of large 

superconducting coils (the Large Coil Test Facility, LCTF), and design 



through the Fusion Engineering Design Center (FEDC). In addition the ELMO 

Bumpy Torus (EBT), an ORNL concept, has recently been designated the leading 

alternative to tokamaks and mirrors and has been selected by DOE for advance- 

ment to the proof-of-principle phase. ORNL will assume management responsibi- 

lity for the proof-of-principle experiment, the EBT-P, which will be designed, 

constfocted, and operared by induotry. 

The strel;lgLh uf OWL'S fusion prograin lies in its inteiration. By 

coordinating basic physics research with engineering and technology develop- 

ment, ORNL is uniquely able to address the problems of physics-technology 

interfaces - an area in which the first-wall clearly falls. 
Although ORNL's fusion energy involvement may be well known, other 

capabilities may be less apparent. ORNL has .ha& an active liquid metals 

development program supporting initially the Aircraft Nuclear Propulsion 

Program, then the Space Program, and now the Liquid Metal Fast Breeder Pro- 

gram. We have been continuously active in support of the helium-cooled High 

Temperature Gas-Cooled Reactor and the Gas-Cooled Fast Breeder Reactor. 

Thus, there is a familiarity with helium and liquid metal technology parallel-' 

ing that of fusion technology. These activities have led to a wealth of 

expertise.and experience in design and operation, handling and safety, 

materials behavior characteristics, heat transfersand fluid mechanics, in- 

strumentation, components, and application of special techniques. 

ORNL is operated under the Union Carbide Corporation management system 

("management by objectives") and utilizes a matrix structure (project and 

line) to make optimum use of its interdisciplinary character. We have 

demonstrated our management capability and have had much success in involving 

and cooperating with industry and other institutions on a variety of sophis- 

tica Crd engineering missions. 

H. Facilities and Resources.for the First-Wall TPE-I Program 

I 
There exists considerable equipment and facilities at ORNL that would 

be applicable and can be committed to the First-Wall Program. A complete 

inventory and identification of these would constitute an early part of the 

TPE-I effort. 'The various ORNL divisions and the facilities of the ORNL 

fusion energy programs (e-g.  the neutral beam development program and the 

ISX-C) will be investigated to determine if they have appropriate equipment 



=esources that may be brought to bear on the First-Wall Program. At this 

time, ORNL has identified the following to be made available to the First- 
. , .  

Wall Program: 

. . 
H-1: Y a c w  Chamber 

The Engineering Technology Division (ETD) of ORW has committed an 

existing vacuum facility to the First-Wall Program. This General Electric 

Vacuum Chamber was previously used to provide a space simulating environment 

in tests of refractory metal corrosion loops which operated at high tempera- 

ture to simulate application in space power systems. It was shut down in 

1970 and has been maintained in standby status since that time. The general 

specifications for the system are: 
. . 

chamber size. . . . . . . . . . . 1.2 M (4 ft) diam. x 3.35 M (4 ft) high 

chamber pressure [empty . . . . . 5 x 10'11 torr 
[with experiment torr 

evacuation system . . . . . . . .. sublimation pump 20,000 Lls 
ion pump . 2,400 Lls 
mechanical pump 25 Lls 

A copy of the original Srocurement spec'ification is included in Appendix B. 

For the First-Wall application, this chamber would be re-activated, all 

systems checked for proper operation, and the assembly moved to the proposed 

site for the First-Wall program (co-iocatidn with helium loop). Test pieces, 

heat sources, and shutters (if required) would be designed to be compatible 

with and fit within the vacuum chamber. 

H-2: Water Cooling: 
. . 

A water circulating and conditioning system is required for Phase-I 

testing in support of FEDC. From our preliminary assessments, we believe 

the following capabilities are desirable for this program: 

pumping capacity . . . . . . . . . . . . . . . . . 400 gpm 

cooling capacity (water cooled heat exchanger) . . 1 MW 

coolant inlet temperature . . . . . . . . . . . . 40°c 



coolant outlet temperature . . . . . . . . . . . . 100'~ 

pre-conditioning water heater 

valves 

piping 

flowmeters 

preaourk measrlremcnt 

temperature measurement 

capacity and sizes to be 
determined compatible with 
above 

As the result of many years of engineering testing, the ETD (and O W L  in 

general) has much existing water circulating and conditioning equipment. Such 

existing equipment will be made available to the First-Wall Program and an 

appropriate water loop will be assembled at the First-Wall site along with 

the vacuum chamber and the nearly complete helium loop (aec below). 

H-3. Helium Cooling: 

Helium presently appears to be the front-running choice as primary 

coolant for a fusion reactor. The FEDC device, while water cooled for 

practical and operational reasons, will most probably have test segments 

devoted to testfng helium cooling concepts. To pre-qualify these for FEDC 

and to meet the objective of providing the ultimate first-wall design and 

qualification data base, helium cooling capability is required for a com- 

plete first-wall program. 

While water cooling loops can easily be established, the capability of 

testing with high pressure helium is more difficult and expensive to provide. 

Fortunately, as part of the DOE sponsored Gas-Cooled Fast Reactor (GCFR) 

Program at ORNL, the Engineering Technology Division is presently completing 

the installation of an extensive helium circulating testing facility that has 

been designated as the Core Flow Test Loop (CFTL). The significant charac- 

teristics and a schematic flow diagram for the CFTL are presented as Appendix 

The original mission of the CFTL was to provide the'capability for high- 

temperature, high-pressure, steady-state and rapid transient testing of 

simulated fuel rod bundles for advanced gas-cooled fast breeder reactors. 

However, in FY 1980 as the CFTL approached completion ( ~ $ 9  1/2 M expended on 

loop construction), the GCFR support from DOE was reduced 1eav;ing'endugh funds 



to complete a modified version (still more than adequate for First-Wall). 

Additional support was obtained through the High Temperature Gas Cooled 

Reactor (HTGR) Program of DOE to investigate the possible utilization of 

the CFTL for HTGR application. Assuming the HTGR assessment culminates 

in a proposed HTGR usage, then the First-Wall utilization of this facility 

would involve sharing with the HTGR program. The sharing mode would have 

to be established but is anticipated to require the addition of by-pass piping 

and control valves that would provide helium from the main CFTL circuit to 

be fed into the First-Wall Test and.'to provide the appropriate instru- 

mentation interfaces for sharing the Data Acquisition. System (see below). 

H-4. Data' Acquisition: 

A viable Firit-wall testing facility for TPE-I will need the capability 

for making a variety of measurements under steady-state and transient condi- 

tions. These should include: 

coolant flow rates, temperatures, and pressures; 

temperature distributions in the first-wall structures and in 
the coolant volumes; 

strain distributions and displacements in the first wall 
structure ; 

heat source powers and temperatures; 

chamber vacuum, and (eventually) 

crack-initiation, growth, and failure detection. 

It would not be a trivial matter to start from scratch and provide the 

techniques, instrumentation, signal conditioning, and data acquisition 

systems for the above. In addition to its helium circulating equipment, the 

CFTL includes a high speed (10 Khz) 640 channel, PDP-11 computer controlled 

data acquisition system that would'be utilized in the First-Wall Program as 

shared with'the HTGR Program. ORNL has a strong Instrumentation and Controls 

Division that can provide the required expertise and general support to the 

First-Wall Program. 



I. Data Restrictions 

All data and results of the Ffrst-Wall TPE-I Program will be released 

on an unrestricted basis to the government. We do not anticipate any ' 

requests for proprietary or other restricted status to any parts of the 

program. 

J. Labor and Overhead Rates 

, . 
ORNL is a government owned facility operated by union Carbide 

Corporation - Nuclear Division. As such, the rate structures are evaluated 

and approved by DOE. For FY 81 planning purposes, the hourly rates for 

various service and craft divisions of ORNL are shown in Table J-I. The 

actual overhead ratea that ocaurrcd during N 80 arc ahown I n  Table J.c.11. 

A typical budgetary estimate based on a 24 manlmonth level of effort (split 

equally between technical and craft labor) would appear as shown in Table 

J-111. 

Table J-111 is a hypothetical budget to illustrate a simplified typical 

cost breakdown for a 1 man-year technical and 1 man-year craft labor level-of. 

effort project. It should be used for comparative purposes and should not 

be viewed as an actual budget estimate for the First Wall TPE-I Program. 

Table'J-111 does not include any subcontracting to supporting participants. 

In the ORNL proposal, .the significant supporting participant would supply 

the radiant heat. source required for the ~irst-wall VE-f testing.   he' cost 
and schedule for this item would be subject to the contract negotiations 

between ORNL and the supporting participant. 

ORNL cannot enter into a cost sharing arrangement. However, it should 

be recognized that significant facilities and equipment will be made 

available to the program at no additional cost except for any required 

modifications, maintenance, or operating expenses. 



Table J-I 

o m  
STANINFO SEWICE RATES FY 1981 

Instrumentation and Controls, Quality kssurance and I,mpection, 
Plant and Quipment and Analytical Chemistry Services 

I&C . w  P&E 
~~ BaL MAINT.-( 

Base Rate $30.85 $22.50 . $25.00 $23.90 $19.55 * 
** 

GWGPS (31%) 9.566.98 -is5 6.06. 

Total Expense Rate Per Hour $40.41 $29.48 $32.75 $31.31 $25.61 

- Incrmental Overhead (983) 14..47 11.25 11 -96 9.95 9.26 7.64 

Eon-Productive Time 2.57 2 2.2 2 

Total Capital Rate Per Hour $29.98 $23.30 $24.89 $20.71 $19.28 $15.91 

* Actual monthly ra te  applied. 

** The G&A/GPS ra te  indicated is a tenta t ive  planning r a t e  which is subject to change. 



Table J-I1 

FY 1980 OVERHEAD RATES 

Category Oct Nov D2c Jan Feb Mar Apr May Lun Jul Aug Sep FY 1920 
Average 

a Company Plans and Benefits 25.1 23.5 13.1 26.3 26.8 26.7 2695 25.9 24.5 23.4 25.5 24.'7 .24.8 ' - .  . . 
. C. 

a Division Administration 28.7 24.2 23.7 29.4 26.7 24.3 24.6 2 2 * 7  28.8 33.9 33.9 29.1 27.2 ' 

b ~ e n e r a ~  and Administrative 10.9 13.4 12.6 13.4 12.9 12.7 13.7 12-2 11-3 12.7 14.0 15.7 13.0 
\ jo. 2 

'~eneral Plant Services 

a Applied at Cost Center level on net 1 abor . 

b~pplied at R&D Account level on ill elements of cost except Major Material-Exempt and R 8 D  Subcontract-Eienpt. 



Table J-111 

Illustrative Cost Breaicdown for a Hypothetical 
1 Man-Year Technical and f Man=Yttgr 

Craft Level-of-Effort 

Item ( M y )  cost ($1000) 

Direct Minpower [ Technical 
[ Craft 

Materials (loop assembly and test 
piece construction) 

Technical Publications, computers, travel, misc. - 5 
Subtotal 160 

Overhead (General and Administrative; General 50 
Plant Services) - 

Total 210 



APPENDIX A 

BIOGR~PHICAL SKETCHS OF KEY PERSONNEL FOR 
THE FIRST-WALL TPE-I PROPOSAL 



Name : - Dr. Thomas S. Kress 
Manager, Aerosol Release and Transport Program 

, Group Leader, Advanced Concepts Development Section 
Engineering Technology Division 
Oak Ridge'National Laboratory , , 

Education: Berea College, Berea, KY, 1951-1952 (no degree) 
University of Tennessee, Knoxville, TN, B.S. Mech.Engr. 1956 
University of Tennessee, Knoxville, TN (including graduate 
study at Rensselaer Polytechnic Institute - Hartford 
Graduate Center), M.S. Mech.Engr. 1965 

University of Tennessee, ~no&ille, TN, Ph.D. Engr. Science, 1971 
Plus: Union Carbide Corporation Management (MBO) Training 
Course and additional technical and managerial "short 
courses" 

Experience: 1974 to present. Program Manager - Aerosol Release and 
Transport Program; 

I .  Group Leader - Advanced Concepts Development Section, 
Engineering Technology Division 

1) Fuel and fission product release under core-melt acci- 
dent conditions . 

2) Molten fuel-liquid sodium coolant interactions 
3) Fuel aerosol, fission products, and sodium combustion 

aerosol behavior in primary and secondary contain- 
ments 

1972 to 1974. Heat transferlfluid mechanics specialist - 
Engineering Technology Division 

1) Sodium boiling, heat transfer, . . and thermal hydraulics 
in LMFBR cores 

2) Effectiveness of emergency core cooling systems for 
PWRs 

1968 to 1972. Engineering Specialist - Reactor Division - 
on Molten-Salt Reactors Programs; 

1) Mass transfer from liquids to dispersed bubbles (fission 
product stripping from molten salt fuel) 

2) Generation and removal of small gaseous bubbles in 
molten salts 

1965 to 1968. 
1) Gas-cooled reactors heat transfer and safety 
2) Steam oxidation of.reactor structural graphite 

1963 to 1965. 
1) Experimental and analytical studies of two-phase flow 

under boiling conditions 
2) Experimental and analytical studies of fission product 

transport and deposition 

1959 to 1963. O W L  - Reactor Division 
. 1) In-pile experiment design, construction, testing, and 

hazards evaluation 
2) Heat exchanger design, construction, and testing 
3) Digital and analog computer programming 



Experience (cont 'd):  1956 t o  1959. P r a t t  and Whitney Ai rc r a f t  Company. 
I) optimizat ion parametric s t u d i e s  f o r  r eac to r  

f u e l  elements 
2) Heat t r a n s f e r  and f l u i d  dynamics t e s t i n g  and 

ana lys i s  r e l a t e d  t o  A i r c r a f t  Nuclear Propulsion 
core designs 

3) Advanced r eac to r  propulsion designs f o r  m i s s i l s  
and rocke ts  

Professional  
~ c t i v i t i e s :  1 )  American Society of Mechanical Engineers (Member, 

p a s t  s ec t i on  chairman, and p a s t  reg iona l  committee 
chairman) 

2) Amcrican Nilclear Socicty 
3) National Society of Profess iona l  Engineers ( reg is -  

tered P.E. i n  s t a t e  of Tennessee3 
4) American Association f o r  t h e  Advancement of Science 
5) Chairman - Aerosol Proper t ies  Committee of the  SACRD 

Data Base Program 
6 )  Member of CSNI S p e c i a l i s t s  Group on Nuclear Aerosols 

i n  Reactor Safe ty  

Patent : 1974. "An Electric-Type Heater f o r  Producing a Given 
Non-Unl.fom Axial  Power Distr ibut ion."  This pa t en t  
is f o r  an e l e c t r i c  ca r t r i dge  f)ipe hea te r  t h a t  simu- 
l a t e s  a r eac to r  f u e l  pin.  



LABORATORY REPORTS 

1964 "A Fission Product Deposition Test Loop," ORNL-CF-66-5-24 May (1964). 
. . 

1964 "A Code for Computing the Rate of Fission Product Deposition from 
Gas Streams," (with J. T. Beard and R. A. Hollister), OW-TM-723 
(1964). 

1965 "A Model for Fission Product 'I'uansporL a11d Deps3ition Under Tsnthermal 
Conditions ," (with F. H. Neill) ORNL-TM-1274., October (1965). 

1965 "GCR-ORR Loop-2 Design," (with J. Zasler, P. A. Gnadt, and W. R. 
Huntley) , ORNL-TM-1048 (1965). ' 

1965 "Parameters of Isothermal Eission-Produc~ Deposition," ORNL-TM-1330, 
December (1965). 

1967 "Numerical Solution of the Isothermal Fission Product Deposition 
Equations: The Program Predip-11," (with P. Nelson, Jr.), ORNL-TM- 
1970, October (1967). 

1966 "Iodine Transport and Deposition in a High-Temperature Helium Loop," 
(with P. H. Neill and D. L. Gray), ORNL-TM-1386, June (1966). 

1968 "Calculating Convective Transport and Deposition of Fission Products," 
(with F. H. Neill), OW-TM-2218, September (1968). 

1968 "Theory of an Initial-Boundary Valve Problem Occurring in the Study of 
Fission Product Deposition," (with P. Nelson', Jr.), ORNL-4277, 
September (1968). . . 

,1972 "Mass Transfer Between Small Bubbles and Liquids in Cocurrent Turbulent 
Pipeline Flow," ORNL-TM-3718 (1972). 

1973 "Effects of Partial Blockages in Simulated LMFBR Fuel Assemblies," 
(with M. H. Fontana, L. F. Parsly, D. G. Thomas, and J. L. Wantland), 
ORNL-TM-4324,. December (1973). 

1974 "Temperature Distribution in a 19-Rod Simulated LMFBR Fuel Rod Bundle 
with Inlet Blockages (FFM Bundle 2B) ," (with M. H. Fontana, J. L. 
Wantland, P. A. Gnadt, R. E; MacPherson; and L. F. Parsly), ORNL-TM- 
4367, January (1974). 

1974 "Temperature Distribution in a 19-Rod Simulated LMFBR Fuel Assembly 
with a Six-Channel Internal Blockage," (with M. H. Fontana, R. E. 
MacPherson, P. A. Gnadt, L. F. Parsly, and J. L. Wantland), ORNL-TM- 
4448, May (1974). 

1974 "Temperature Distribution in a 19-Rod Simulated LMFBR Fuel Assembly 
with an Edge Blockage (Out-of-Reactor Test for ANL FEFP PI Experiment) - 
Record of Experimental Data for Fuel Failure Mockup Bundle 5A," (with 
M. H. Fontana, R. E. MacPherson, P. A. Gnadt, L. F. Parsly, and J. L. 
Wantland), OW-TM-1633, November (1974). 
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LABORATORY REPORTS (cont'd) 

1-975 "Temperature Distribution in a 19-Rod Simulated LKFBR Fuel Assembly 
in a Scalloped Duct (Fuel Failure Mockup Bundle 1.) - Record of 
Experimental Data," (with M. H. Fontana, P. A. Gnadt, R. E. MacPherson, 
L. F. Parsly, and J. L. Wantland), ORNL-TM-4670, (1975). 

1975 , "Thcml-Hydratilic EIIecrs of Partial Blockages in Simulated LMFBR Fuel 
Assemblies With Applications to the CRBR," (with M. H. Fontana, D. G. 
Thomas, and J. L. Wantland), ORNL-TM-4779, July (1975). 

1975 "Temperature Distribution in a 19-Rod Sfmulated LMFBR Fuel Assembly in 
a Scalloped Duct (Fuel Failure Muckup Buiidie 1B) - Record of Experi- 
mental Data," (with M. H. Fontana, R. E. MacPherson, P. A. Gnadt, L. F. 
Parsly, and J. L. Wantland), OW-TM-4939, November (1975). 

1976 "Temperature Distribution in 19-Rod Simulated LMFBR Fuel Assemblies 
with and without an Edge Blockage (Out-of-Reactor Tests for ANL SLSF 
1'1 Experiment) - Record of Expesimantal Data for Fuel Failure Mockup 
Bundles 5B and 5C." (with M. H. Fontana, P. A. Gnadt, R. E. MacPherson, 
L. F. Parsly, and J. L. Wantland), ORNL-TM-5003, March (1976). 

1976 . "Temperature Distribution In a 19-Rod Simualted LMFBR Fuel Assembly 
with a Six-Channel Internal Blockage (Fuel Failure Mockup Bundle 3A) - 
Record of Experimental Data," (with M. H. Fontana, P. A. Gnadt, R. E. 

' 

MacPherson, L. F. Parsly, and J. L. Wantland), ORNL-TM-5101, March (1976). 

1975 "Work Plan: Transient Release from LMFBR Fuel," (with G. W. Parker and 
M. H. Fontana), ORNL-TM-4875, September (1975). 

1977 "Fuel Aerosol Simulant Test (FAST) Plan," (with A. L. Wright and A. M. 
Smith), ORNL/NUREG/TM-129, September (1977). 

1977 "Sollrce Term Assessn~el~l: Concepts for LMFBRo: Aerosul Release and 
Transport (ART) Analytical Program," ORNL/NUREG/TM-1.26, November 1977. 

1370 "Sodim Oxtde Aerocol Study; NSPP Kuns 101-105, Date Record Report," 
(with R. E. Adams and L. F. Parsly), ORNL/NUREG/TM-179, April (1978). 

1978 "Effects of Energy Density on Aerosol Yield and Primary Particle Sizes 
Produced by the Capacitor Discharge Vaporization (CDV) of U02," (with 
A. L. Wright, .H. W. Bertini, M. J. Kelly, L. F. Parsly, M. L. Tobias, 
and J. S. White), oRNL/NUREG/TM-163, September (1978). 

1979 "Uranium and Sodium Oxide Aerosol Experiments: NSPP Tests 201-203 and 
Tests 301-302, Data Record Report," (with R. E. Adams, J. T. Han, and _-- . L. F. Parsly, Jr.), ORNL/NUREG/TM-343, November (1979). 

1980 "Fuel Aerosol Simulant Test Data Record Report: Argon Tests," (with 
A. L. Wright, A. M. Smith, and J. M. Rochelle), ORNL/NUREG/TM-365, 
March (1980). 

1980 "Proceedings of the CSNI Specialists Meeting on Nuclear Aerosols in 
Reactor Safety," (compiled and edited by T. S. Kress) NUREG/CR-1724; 
oRNL/NUREG/TM-~O~; CSNI-45, October (1980) . 



PROFESSIONAL JOURNAL ARTICLES 

1966 "Parameters of Fission-Product Transport and Deposition," (with F. H. 
Neill), Trans. Am. Nucl. Soc. 9, 302-03 (1966). 

1967 "A Simplified Approach to ~alcuiating Convective Plateout of Fission 
Products," [ d c h  F. H. Neill), Trans. Am. Nucl. Soc. 10, 718-19 (1967). 

1968 "Theory of an Initial-Boundary Value Problem Occurring in the Study of 
Fission Product Deposition,' (with P. Nelson, Jr.) ORNL-4277, 
September (1968). 

. . 
1970 "Theory and Iterative Solution of a Model for Fission Product 

Depusition," (with P, Nelson, Jr.), Soc. Ind. Appl. Math. J. Appl. 
Math. 19, 60-74 (1970). 

1973 "Effect of Inlet Blockages in 19-Rod Simulated LMFBR Fuel Subassemblies," 
(with M. H. Fontana, P. A. Gnadt, R. E. MacPherson, L. F. Parsly, and 
J. L. Wantland), Trans. Amer. Nucl. Soc. 17, 345-47 (1973). 

1973 "Liquid Phase Controlled Mass Transfer To Bubbles In Cocurrent 
Turbulent Pipeline Flow," (with J. J. Keyes, Jr.), Chem. Eng. Sci. 
23, 1809-23 (1973). 

1974 "Effect of Partial Blockages in Simulated LMFBR Fuel Assemblies," 
(with M. H. Fontana, P. A. Gnadt, R. E. MacPherson, L. F. Parsly, 
and J. L. Wantland), Amercian Nuclear Society Topical Meeting on 
Fast Reactor Safety, Conf-740401-P3, p. 1139 (1974). 

1974 "Duct-Wall Temperature Due to a Heated-Zone Edge Blockage in a Sodium- 
Cooled 19-Rod Bundle," (with J. L. Wantland, M. H. 'Fontana, P. A. Gnadt, 
R. E. MacPherson, and L. F. Parsly), Trans. Am. Nucl. Soc. 19, 245 
(1974). 

1974 "Thermal Effects of Half-Size Edge Gaps in Sodium-Cooled 19-Rod Bundles," 
(with J. L. Wantland, M. H. Fontana, P. A. Gnadt, and L. F. Parsly), 
Trans. Am. Nucl. Soc. 19, (1974). 

1975 "Flow-Controlled Coastdown Tests to Boiling in a Sodium-Cooled 19-Rod 
~undle," (with J. L. Wantland, M. H. Fontana, P. A. Gnadt, R. E. 
MacPherson, and L. F. parsly), Trans. Am. Nucl. Soc. 21, 300 (1975). 

1976 "Development and Application of Capacitor Discharge Vaporization 
Techniques for Fuel Aerosol Studies," (with M. J. Kelly, G. W. Parker, 
and J. M. Rochelle), International Meeting on Fast Reactor Safety and 
Related Physics, ANS Conf-761001, Vol. IV, pp. 1930-1935 (1976). 

1976 "Aerosol Release and Transport in LMFBR ~ccidents," Ninth Aerosol 
Technology Meeting, October (1976). 

1977 "Effects of Internal Circulation Velocity and Non-Condensable Gas on 
Vapor Condensation from a Rising Bubble," (with M. N. Ozisik), Trans. 
Am. Nucl. Soc. 27, pp. 551-552 (1977). 



PROFESSIONAL JOURNAL ARTICLES (cont'd) 

1977 "Behavior of Sodium Oxide and Uranium Oxide Aerooolsin a Large 
Vessel," (with R. E. Adams and L. F. Parsly), 15th DOE Air Cleaning 
Conference, August (1977). 

"Effects of Internal Circulation Velocity and Non-Condensable Gas on 
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APPENDIX B 

PROCUREMENT SPECIFICATIONS FOR ULTRA-HIGH VACUUM SYSTEM 



l.. 'rI'l'1~1; . -- 

I V .  DESCKIllTION 

C l ~ a m b c r  s i z e  - 4 f t  diam by 1.1. f t  higt-I 
C h a n ~ b c r  p r e s s u r e  c i ~ l p t y  - 5 x :LO'].' t o r r  
Idich e s p c r i n ~ c n  t - 1 x 10-9 t o r r  
1 ~ v : i c u ~  t i o n  Sy s t e ~ n  - S t t l ) l i i ~ ~ a  r i o n  1>~11np 2 0 ,  000 2.1':; 

- Ion p~lnlj> 2 , 4 0 0  !2.!!; 
- Plccll:in i (:;I I I ) l l l n i )  25 !L;s 

i i ~ f  crcnc-c I)~-:lwings - 1'- 104 3G-()(;-(I04 I-:-:I 
1-10~13G-(~G-001.1;:-3 

VI. STATUS 

The syscc111 w a s  sl~tl rtlown i n  1 9 7 0 .  The nlnin f l ang ;c  i r; iii): ~ : i j : ; i ~ t l y  
b o l  t c d  , a n d  a11 argon p u r g e  is n la i i i  t n i n e d  i r ~ c o  ~ l l c  ( : I I ; ! ! I I : . I c ~  to 
r e t a r d  r e a c t i o n  o f  n t h i n  l a y e r  of l i t h i u m  rcsi t l ;~e w11 i . c l1  i s  
p r c s c n c  on  'tlrc wal.l.:i. oC ti,$ c l l a l l~bc r .  
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PROCUREMENT SPECIFICATION 
. " 

FOR 

ULTRA-HIGH VACUUM SYSTEM 
. . 

. 
1.0 '  SCOPE 

;,. .;; 
. - : .  ::: j, 

. .  , ',;"." 

1.1 This speeif icatioxi i s  f o r  a n  Ultra-High Vacuum System t o  be used f o r  long- : {: 
: .  g 

term t e s t  of r e f r ac to ry  metal tubing carrying molten a l k a l i  metal. . . . . . c. 
. . .... , S F .  . . . . . . .  5' . :,. 

I ' : . . . .  ! 1 . $  
1.2 The system s h a l l  have the following general cha rac t e r i s t i c s :  . . . . . f i  :I 

.'/. p 
A. CLEAN -- System must be completely o i l  f r e e  i n  the  f i n a l  roughing .. ;' 

and u l t r a  high vacuum phases of operation. . ' , ..If: 
. j: . . 

Bi,MEABLE -- System must be completely bakeable t o  a temperature of 
y .  5; 

250°c.) . . .  . i :  I .  

\, / , .. ' +: '.\ : .  fi: 
C. ADAPTABLE -- System must adapt t o  a wide va r i e ty  of experimental . '. 

. . . " 
!* 

. . 
i :  . . " ,  ..),. , . < .  . . i ' . E  . . . . . . .  . .  . '  . . . . . . . . .  ..1,%: . . , . 3, .'1. :.; ': .:. ,: :.: P arameters. . . ... . . . . .  : . . .,,7:. .:.> :? .-.:. : ;xp:::p 

. . . .  . . . .  .**., .... ,: !,.:; .(.;.-. . . . .  . . . ; . .  . .  ........ .. . . . .  . 7: ..':.{;,,.:s ?:.;.:. . . . . . ~ # ~ . ! s . . . ~ , . ~ < . . , ~  
. . . .  . ..... . . . . '  : :..' '? '.;,'. ;.. .:.. ,: ,~ . . . . 

.A<.. ' . . . .  ." ':?, .::. - : L'.; ... ?... . .  :;:.f, '<A. 0 ,  

. . .  . .. . D. VIBRATION -- System is  t o  be v ibra t ion '  free: i n  t i e  high vacuum phase ! 
z b .., ,: ..... . . . .  , . of operat ion. , . . , ;; (; 
2:. I* 
. . .  

E. RELIABILITY -- System must be capable of maintaining high'vacuum f o r  
' long periods of time and withstand emergencies such a s  power f a i l u r e s .  'i 

The vacuum pumping sec t ion  of the system must be unaffected by sudden .: 

exposure t o  atmospheric pressure.  . . . 
, . 

. . 

F. PERFORMANCE -- System s h a l l  a t t a i n  an ul t imate pressure of a t  l e a s t  
5 x 10-11 Torr i n  a period of 24 hours. 

. , 

1.3 S e l l e r  s h a l l  furn ish  evidence tha t  he has competence i n  system design of 
the type del ineated by t h i s  spec i f i ca t ion  and submit a proposal t h a t  
c l ea r ly  explains h i s  approach. t o  t h i s  ove ra l l  requirement. . . 

The s e l l e r  i s  t o  design, develop, de l ive r  and conduct acceptance . t e s t s  
on .an  Environmental Research Chamber wi th in  the. framework of t h i s  spec i f i -  
ca t ion  a t  the company's Oak Ridge, Tennessee f a c i l i t y .  

DESIGN DESCRIPTION 

The system and a l l '  components contiguous with the, high vacuum environment 
s h a l l  be fabr ica ted  of type 304 s t a i n l e s s  s t e e l  with a l l  junctures e i t h e r  
i n e r t  gas welds o r  O.F.H.C. copper gasketed f langes and constructed i n  
accordance with the best  procedures consis tent  with the  s t a t e  of advanced 
vacuum a r t .  

With the exception of the main chamber s e a l s ,  t he  f langes a r e  t o  be o f ,  the 
conf la t  type configurat ion,  sex less ,  completely interchangeable within 
standard s i z e  groups and compatible with a wide va r i e ty  of commerci&lly 
ava i lab le  ul t ra-high vacuum feedthroughs. 



2 .  3 '1'11t. I IMI  i . 1 1  sy SL(?III st*i11t1 sliall IIL! of tllc cnpturcd gasket type such as the  
V;ir I an WllceLrr.. flange. T h e  sized O.F.H..C. copper gasket is t o  be prc- . 

c i se ly  poeitioncd i n  the same place of the f lange configurat ion for each 
closure and the f lange pa i r  mus made - i r m c h a w & Q b . w L a _ t  e  ' ,  /-- mechanical warping o r  c o n i w  The s e l l e r  s h a l l  be prepared t o  explain 
' t K d e s i g n G f - a n y % t h e r  s ea l  configurat ion t h a t  v a r i e s  from the  Wheeler 

/ type  and show tha t  they have been b u i l t  i n  the  s i r e  required and a re  cur-) 
( r en t ly  i n  s a t i s f a c t o r y  use. 

. \ 

, 2.4 The ove ra l l  vacuum system s h a l l  be twelve f e e t  t a l l  exclusive of support- 
ing s t r u c t u r e s  aitJ lour f e e t  i n  diwerer. It s h a l l  be nominally divided . . 

i n t o  three  equal par to  ao follewe: : ,  . , a .  

. s 

A. Ilppar envi rovment a,l chamber 
B. Central loop feedthrough chamber 
C. Lower pumping chaniber 

. .  .. 

3.0 DESCRIPTION OF UPPER ENVIRONMENTAL CHAMBER . , , . .  . .  
. , ._A .. . . ,, 

3.1 Chamber s h a l l  be nominally four  f e e t  t a l l  and four  f e e t  i n  diameter and . . 

constructed a s  described i n  Ar t i c l e  2.1. It s h a l l  terminate a t  the top i n  . 

a l i f t i n g  attachment assembly capable of supporting 150% of t h e  t o t a l  system 
. 

,,. "' ;.;. ..: . ;& .. . ,.. , . ./. , .: , 
. . . . ' *  

, , , ~ , , . , , . ~ ?  :'.,.. ; . . : . '  ' . ' ' I  " '  " 
. . . < : i ,  . . , .:;:. . L1 , .:: .'.?:;' 

<: , .,..@.. .!.; d :. .. .. weight. . . , :, : .... . . '; ..:27.8,,.%t. . , ,, ,, ;. '.;. 2 ?..,?:> .-:. " .',. , . . , . .  .. . . ; ,' : ;: . .:.-. . ..:, . .. . .. = I "" 

,... .:..;k . ' =::;. .. :1 :. . '.. . '. .-.. . .. . .  
... , . . .>, . .,.<:...,::$;:,. :::$,':, . ,: i%:?$$;. 5,. :,::.. 

.: " . . . . . ,  
, . .  :, ' .;:, . , . . . , ;  .. . : .  : ;: . .  , , ' ,  ,:; . . , . ;&i.;+ , .: <, . , fl;;T? -I._ , . . ., . . . .  .. , 

," G3.2 A t  the'bottom i t  sha l l ' t e rmina te '  i n  a  f lange such a s  described i n ' ~ r t i c 1 e  2.2. ' ' I# 

' f o r  mating with the  top f lange of the c e n t r a l  chamber. 

. . , 3 . 3  The o u t e r ' v a l l s  s h a l l  have an a r ray  o f o e l e c t r i c a l  bake-out he 
heat ing the holding the  chamber t o  250 C and water cooling ch 
l a t t e r  a r e  t o  be capable of absorbing and d issapa t ing  a t  l e a s  
per  hour and must be fabr ica ted  such t h a t  the water i s  separa 
vacuum environment by two l aye r s  of metal. 

.'~d 6.~82 .>', '.) //& A 

3.4 External ly  t he  chamber s h a l l  be surrounded with a  wel l -c raf ted  polished . . .  

aluminum heat  shroud. 4 

---- 4 .  Q RESCRIPTI--'CHAMBER- 

4,L '!'he cen t r a l  chamber she l l  be nominaliy four  Peat t a l l ,  f ou r  f e e t  i n  diameter 
and conetfucted a s  described i n  Ar t i c l e  2.1. It s h a l l  terminate  a t  t he  top i n  
a flange as d ~ n a t i . h e d  i n  Ar t i c l e  2.2. s u i t a b l e  f o r  mating with the  upper 
chamber and a t  the bottom i n  a  f lange a s  described i n  A r t i c l e  2.2 f o r  mating 
with the f lange of the lower pumping chamber. 

4.2 The outer  wal l s  s h a l l  have an a r ray  of e l e c t r i c a l  hea t e r s  f o r  evenly .hea t ing  
and holding the chamber t o  2 5 0 ' ~  and "ater cooling 
a re  t o  be capable of absorbing and d issapa t ing  a t .  l e a s t  

I hour and must be fabr ica ted  such t h a t  the water is  
environment by two l aye r s  of metal. 

4 . 3  External ly the cen t r a l  chamber w i l l  be surrounded by a  removeable heat 
blanket which s h a l l  serve both a s  a  p ro t ec t ive  device and thermal insu la t ion .  



4.4 Ttic c e n t r a l  'cllaniber s h a l l  have 51 access  p o r t s  e q u a l l y  spaced around t h c  
per iphery a s  de l inea ted  i n  t h e  Union Carbide p re l iminary  drawing e n t i t l e d  
"Vacuum Vesse 1 Spoolp i e c e  Nozzle Arrangement". 

A. The followLng access  p o r t s  s h a l l  be capped o f f  a s  pe r  t h e  Company's 
Drawing No. 

, , 

B. The fot lowing access  p o r t s  s h a l l  be f i t t e d  w i t h  1%" I . D .  f l a n g e s  of 
. t h e  con£ l a t  conf igura t ion .  i 

. . ., :. 

C. The fol lowing access  p o r t s  s h a l l  be f i t t e d  w i t h  6" I . D .  f l a n g e s  of t h e  
c o n f l a t  conf igura t ion .  

D. The fol lowing access  p o r t s  w i l l  be f i t t e d  w i t h  u l t r a  h igh vacuum feed-  
throughs : 

PORT 
4A 
4C 
4D 
6B 

14C 

PEEDTHROUGH 
20-Pin I n s t .  E l e c t .  
8-Pin I n s t .  E lec t .  
8-Pin I n s t .  E l e c t .  
8-Pin Thermocouple 
8-Pin Thermocouple 

ETC. 

VARIAN MODEL NO. 
954-5013 
954-5012 
954-5012 
954-5015 
954-5015 

E .  The fol lowing access  p o r t s  w i l l  be f i t t e d  wi th  s p e c i a l  u l t r a  h igh vacuum 
feedthroughs i n  accordance wi th  t h e  included company drawings: 

FEEDTHROUGH 
High Current 
High Current 
High Current 

UNION CARBIDE DRAWING NO.. 
1234 A 
1234 A 
1234 A 

4.5 A l l  f l a n g e  welds s h a l l  be done i n  accordance w i t h  t h e  procedures p resc r ibed  
i n  Varian Vacuum Divis ion P u b l i c a t i o n  VAC 2099B o r  Vacuum Technology Sec t ion  
of Research and Development Magazine, I s s u e  September, 1966. 



5.1 The lowcr pumping chamber s h a l l  be a nominal four  f e e t  t a l l ,  four  f e e t  i n .  
diameter and constructed a s  descrtbed i n  Ar t i c l e  2.1. It s h a l l  terminate 
a t  the top $.TI a flange a s  described i n  Ar t i c l e  2.2 s u i t a b l e  f o r  mating 
with the loner flange of the c e n t r a l  chamber. 

5.2 It s h a l l  be elevated above the f l o o r  l e v e l  approximately two ' f e e t  i n  order  
t o  permit access t o  the under s ide  and the  e leva t ing  s t r u c t u r e  must be . . . . .. 

capable of: slipporting b50X of the totab systcbul ~ ~ i g h t r  . . 
. : .  .. . , ... . .. . . . .. 

5.3 The outer  wal ls  shaLl have a s u i t a k l e  a r ray  of e l e c t r i c a l  hea ters  f o r  heat-  
ing and holding the chamber t o  250 C and water cooling channe.ls, The lat ter  
are  t o  be cayable of absorbing and d i ~ s a p a t i n g ~ a t  l e a s t  10 KW per  hour of . ' .  

... heat  and must be fabr ica ted  such t h a t  the  water i s  separated.frorn the  vecliiim 
environment by two layers  of metal. 

. . . . 

5 . 4  Externally the lower pumping chamber w i l l  be surrounded by a removeable,. 
wel l  c ra f ted  and polished aluminum heat  shroud. . . a. . . . 

. , 
5.5 Thc lower chcunlet v t ~ a l l  have veiiiour! conf la t  flanged feedthrough p o r t s  pene- 

t r a t i n g  the peripheral  vacuum "a l l  with feedthroughs i n s t a l l e d - a s  follows,: 
. . .  .. . " 5 .  . . . . . . . 

I .  . . .  .' . . . . . :  
' .  , , , ,  < .  . . ' 

. , . . :  . %> ; .  , . ,  . ,  
., . . . ,  . . .  . .  .. ,' ,< , .:'. , 4. 

... a . . I ..:A,. '.: ": '.A: (1) '2%" po r t  terminating i n  2%" bakeable: roughing valve'  I .  

m ,  - .. , . l i k e  Varian No. 951-5032. 
B. (3) High vol tage feeds l i k e  Varian No. 915-5020. 
C. (2) Liquid Nitrogen feeds l i k e  Varian No. 954-5023. , 

5.6 The bottom of the  lower chamber vacuum wall  w i l l  have (10) 1%" I.D. .conflat  
flanged access ports.:mounted close t o  the center  ax i s  a s  follows: 

A. (4) Blanked off  with mating f lange 
8 .  (6) F i t t ed  with t r i - f i lament  t i tanium sublimation 

car t r idges  l i k e  Varian No. 916-5017. 

5.7 . I n t e r n a l l y  the system ihaL1,have pro jec t ing  upward from the  bottom a t  l e a s t  
s i x  t r i - f i lament  t i tanium sublimation ca r t r i dges  capable of de l ive r ing  a 

' 

t o t a l  of nut l e s s  chan sixteen grams of Titanium. The ca r t r i dges  w i l l  be 
mounted on O.F.H.C. copper gasketed f langes of the  con f l a t  type f o r  mating 
with the flanged access p o r t s  described 1.n Ar t i c l e  5 .6 :  . . 

5.8 The peripheral  wall  s h a l l  have b u i l t  i n t o  it a s u f f i c i e n t  number of diode 
type sput te r  ion pumping elements t o  y i e ld  a pumping speed of 3000. l i t e r s  per  
second. The magnets required f o r  t he  operat ion of the  pumping modules s h a l l  
be mounted ex terna l ly  so a s  t o  f a c i l i t a t e  rapid cool-down a f t e r  baking and 
minimize surface a rea  i n  the  vacuum environment. 

5.9 In t e rna l ly ,  the lower chamber w i l l  have a s t a i n l e s s  s t e e l  cy l ind r i ca l  remove- 
able l iqu id  Nitrogen cryoshroud mounted coaxial ly  with t h e  vacuum wall.  The 
shroud s h a l l  have an in t eg ra l  o p t i c a l  b a f f l e  and an e f f e c t i v e  a r ea  exposed 
t o  the t i tanium sublimation ca r t r i dges  t o  y i e ld  a pumping speed of a t  l e a s t  
35,000 l i t e r s  per  second i n  the  high vacuum range a t  room temperature. The 
shroud s h a l l  have s u f f i c i e n t  cryosurface t o  y i e ld  a pumping speed i n  t he  high 
vacuum range f o r  water vapor i n  excess of 300,000 l i t e r s  per  second. Ease of 
removing and i n s t a l l i n g  the  shroud w i l l  be a design considerat ion.  

. . 



Reduction of pressure from atmospheric to approximately a millimeter is to be 
nccomplished by a companyowned suitably trapped mechanical pump. 

Rc~tluction from the low millimeter region to the low micron region 'is to be 
acco~nplished by cryo-eorption pumping. The eorption pump system is to be 
capable of reducing the pressure to a few microns in 30 minutee or less. 

The sorption pump array is to be portable, self-contained, be independently 
valved, have a pressure measurement device, have its own dewar flask assembly 
and bake-out apparatus. 

INSTRUMENTATION ! 

Protective devices are to be included to provide fail-safe operation of the 
vacuum system. An overpressure relay is required that will cut off power to 
both the pumps, the bake-out.heaters 'and the test loop heaters. 

Pressure in the central chamber area will be measured in the region of 1 mm I 

(Torr) down to .l x 10'5~orr by a high pressure ionization gauge and in the 
region of 1 x 10-3 to 2 x 10-11 by a low pressure Bayard-Alpert ionization gauge . ' 
type. Both of these gauges are to be of the nude design and project,directly . . . . . . . .  . . . . . . . .  '. . 

.' 
. .  , . . *.: . 

:. into, .the, vacuum environment. . . . . . . . . . . . . - . .  . . . . .  ......." ..." . . .  , . -  .:. . . . . .: ,:. : :,:, ..;, 4.. . . . . .  . . . . . . . . . . .  a,., ,,,, ;.,.! :..,, :;. ::,:, ...........'.....?... '.-,:: .' . 'a '. . ' .., . ,z: , .;, .' ; .,.'. " 
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Gas species will be identified qualitatively and quantitatively by a partial . 

pressure gauge which can be operated tirough a mas's range of at least 1 to 70 
at ambient or while being baked at 250 C. The instrument must be ca able of . 
measuring both partial pressures and total pressures down to 2 x 10'PITorr and 
serve as a leak detector. 

The controls and instrumentation associated with the vacuum system will be 
mounted in a control console to be provided by the vendor. The controls to 
be furnished are as follows': 

A. Ion Pump Controls 
B'. Titanium Sublimation Pump Controls 
C. Ionization Gauge Controls 
D. Partial Pressure Gauge Control 
E. Bake-out Heater Controls 
F. Main Power Control 

The electrical service required for operating this.system shall be 208 VAC, 
three-phase - 60 cycle. Wiring for power from the laboratory power source to . . .  

the junction box of.the system will be accomplished on the premises by the 
company electricians. 

TESTING 

The vendor is to supply a test protocol with his proposal which specifies the 
tests to be run both in his factory and in situ at the Oak Ridge facility. . . .  



. . 

9.0  , SPARE PARTS AND INSTRUCTIONS 

9 .1  The vendor shall supply with his proposal a List of spare parts,' specialized, 
tooling .and instructions he will include with the system. 

10.0 In addition, the vendor shall supply with his proposal the following: 

Price and Delivery 
Statement of warrantee policy ' I  

Engineering drawings of vacuum system 
Statement of experience with sorption 
Statement of experience with 1.nrgr getter-ion p u q s  
Statement of experience with Titanium Sublimation pumping 
Statement' of experience with large chamber fabricatron 
Statement of experience with large flange seals , 

Statement of size and reliability of high current power feedthroughs 
Any other information which will aid in the evaluation of the 
proposal. 



APPENDIX C 

INFORMATION ON THE CORE n o w  TEST LOOP (CFTL) - AN EXTENSIVE 
HELIUM TESTING FACILITY NEARING COMPLETION AT ORNL 



O A K  RIDGE NATIONAL LABORATORY 
O P E R A T C D  U Y  

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

POST OFFICE DOX Y 

OAK RIDGE, T ENNESSEE 37830 

J U ~ Y  3 ,  i980 

D r . . F r a n k  E. Coffman, D i r e c t o r  
D i v i s i o n  o f  Development and 

T e c h n o l o g j  
O f f i c e  of Fusi 'on Energy 
Depar tment  o f  Energy 
Washington,  D.C. 20545 

Dear  Frank :  

P e r  o u r  phone c o n v e r s a t i o n  we are s e n d i n g  you a n  i n f o m a t i o n  package about  
t h e  h i g h - t e m p e r a t u r e ,  h i g h - p r e s s u r e ,  hel ium l o o p  Core Flow T e s t  Loop (CFTL) 
a t  Oak Ridge .  A t  y o u r  conven ience ,  we w i l l  make a p r e s e n t a t i o n  t o  you, 
y o u r  s t a f f ,  and anyone i n t e r e s t e d .  P l e a s e  inform u s  of your p r e f e r r e d  
d a t e  f o r  t h e  p r e s e n t a t i o n .  

The i n ' f o r n a t i o n  package i n c l u d e s  g e n e r a l  loop d a t a ,  f low schemat ic  and 
i s o m e t r i c s  of t h e  loop .  S e v e r a l  photographs  show t h e  p rogress  anJ  i n v e s t -  
ment made i n  t h e  l o o p .  Some of t h e  major components a r e  a l s o  shovn: t h e  
g a s  b e a r i n g  c i r c u l a t o r ,  l a r g e s t  known of  i t s  k ind ,  a t  a  development c o s t  
of 2 M$; a ' s c h e m a t i c  o f  t h e  v o r t e x  shedd ing  flow mcter  t e s t e d  a t  ORYL t o  
an e x t r e m e  r a n g e  o f  more t h a n  1 0 0 : l  and e x c e l l e n t  accuracy;  tile l a r g e  h e a t  
e x c h a n g e r  d e s i g n e d  and manufactured h e r e .  These i t ems  show t h a t : t h e  loop 
is backed w i t h  a d e q u a t e  c a p a b i l i t y  i n  d e s i g n ,  manufacture ,  base  technology, 
c o o p e r a t i o n  w i t h  i n d u s t r y  a s  t h e  need may a r i s e .  F u r t h e r ,  t h e  loop is  one. 
o f  a s e r i e s  of w a t e r  and sodium l o o p s  of s i m i l a r  magnitude. The exper ience  
and expertise is  a v a i l a b l e  and is  b e i n g  a p p l i e d  t o  t h e  CFTL, 

The s t a t u s  o f  t h e  l o o p  is  t h a t  most major  i t e m s  a r e  e i t h e r  i n  p l a c e  o r  
e x p e c t e d  f o r  d e l i v e r y  on s c h e d u l e .  The S t a g e  I Loop i s  schcdulcd f o r  
b e g i n n i n g  of shakedown i n  J u l y  1981. The c o s t  e s t i m a t e  f o r  S1:age I is 
13.5 XS; however,  t h i s  i n c l u d e s  s e v e r a l  i t ems  which a r c  s p e c i f i c  t o  t h e  
GCFR a p p l i c a t i o n  o n l y  and a, con t ingency  i n  e x c e s s  of 1 >I$ which has n o t  
been  t apped .  A t  t h e  e n d , o f  FY-80 t h e  t o t a l  investmcnt  and conmitmcnts i n  
the CFTL l o o p  c o n s t r u c t i o n  w i l l  amount t o  about  9 .5  Ms. I n  a d d i t i o n ,  about 
7 M$ were u t i l i z e d  f o r  deve lopnen t ,  a n a l y s i s ,  and r e s t  p lanning and des ign  
a s s o c i a t e d  wj. t h  t h e  l o o p .  

If t h e r e  is  any f u r t h e r  i n f o r n a t i o n  o r  material wc can provide p l e a s e  do 
not: h e s i t a t e  t o  c a l l  me o r  U r i  G a t ,  t h e  Program Monagcr (FTS G24-0559), 

Very t r u l y  y o u r s ,  



~ r .  Frank E. Coffman, 
Director, DDT-DOE 

July 3,  1980 

C C : .  U r i  Gat w/attachment 
A. G. Grindell 
H. E. Trannlell 
n. R. Trls~igcr 



CORE FLOI! TEST LOOP , 

CFTL 

S I G N I F I C A N T  C H A R A C T F R I S T I c S  . , 

The 'core Flow T e s t  Loop - CFTL - is a high pressure ,  high power, high 

temperature ,  s t eady  s t a t e  and f a s t  t r a n s i e n t s  gas loop equipped with an 

e x t e n s i v e  and s o p h i s t i c a t e d  d a t a  acqu i s i t i on . sys t em.  

The main  c h a r a c t e r i s t i c s  of t h e  C R L :  

. . . . .  Ambient t o  '10.5 MPa (1550 p s i )  P re s su re  : . . 

power : 0'  t o  4 MW, con t io l  l e d  by 1 3  independent power suppl ies  
. .  . 

. Tempeiature: 260 t o  600°C with a t tempera t ion  t o '  s t a i n l e s s  s t e e l  ' 

me1 t i n g  (approximately 1 350°C) , . . 

Ful l  power t o  ze ro  power i n  T r a n s i e n t s  : 1 second': 

Fu l l  f low t o  zero  flow i n  1. .second 

Ful l  p r e s su re  t o  approximately ambient l e s s  than 1 minute 

A1 1 t r a n s i e n t s  f u l l y  program control  1 ed 

tlorki ng 
Media: Designed f o r  helium with impuri ty  cont ro l  

Fl ow Rate : O t o  3.2 kg/s 

Data 
Acquis i t ion :  High speed (10 kHz) 640 channels (expandable) ' .  

comp'uter ' con t ro l  1 ed 

Locat ion : Building 9201 -3, Y-12 P l an t ,  Oak Ridge, Tennessee 

Operated by: E q i n e e r i n g  Technology Divis ion,  ORNL 

Sponsor: P'iC ,..-. , GCFR Program 

Avai 1 ab l  e : - :nd h a l f  1981 ( p a r t i a l  c a p a b i l i t y ) .  End of  1983 
(: :ill capabi 1 i t y )  . 

Fur the r  Information: Uri Gat, ORNL (615) 574-0559; FTS 624-0559 



AIR OUT 

FLOW D IAGRAM - CORE FLOW T E S T  LOOP 
A-SK-RAM-$338 9 - 5  -79 
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November 16 ,  1981 
Ref:  TPE 11-25, 

M r .  Glen Longhurst  
EG&G Idaho,  Inc .  
Idaho N a t i o n a l  Engineer ing Laboratory  
P.O. Box 1625 
Idaho F a l l s ,  Idaho 83401 

Dear Glen: 

I n  response t o  your q u e s t i o n n a i r e ,  t h e  f o l l o w i n g  in format ion  concerning 
ANL c o o l a n t  loop f a c i l i t i e s  from which you can e x t r a c t  p e r t i n e n t  in fo rmat ion  
is  enc losed :  

''Components Technology" F a c i l i t i e s  

"Argonne F a c i l i t i e s  - LMFBR Program" 

"Building 206 Loop" 

\ "High ~ e m ~ d r a t u r e  UlMHD F a c i l i t y "  

"Ambient Temperature LMMHD F a c i l i t y "  

' The enclosed paper e n t i t l e d  "Chemical P rocess ing  of Liquid Lithium 
Fusion Reactor  Blankets" g i v e  in format ion  on t h e  l i t h i u m  loop. 

Yours t r u l y ,  

- 
H. Herman 
Deputy Manager 
F i r s t '  ~ a l l l ~ l a n k e t l ~ h i d l d  

Program 

HH : m l w  
Enclosure  

cc:  R. Zeno w/o Attch.  
E. Sowa " " 

M. P e t r i c k  " " 

K. S c h u l t z  " " 

bcc: C. Baker w/o At tch.  
M. Abdou I1 11 

R. Nygren I1 I I  

V, Maroni I t  I I  

D. Smith 11 I I  
0 AWNNE UN~MRSR~ES ASSOC~~.IT~ON 



Building 206 Loop 

f)" 

The heat source is an electrically heated tungsten filament 
sandwiched between boron nitride plates. 

The test environment is a chamber flooded with argon gas. 

Approximate s i z e  accsmodation vol~rme-is 2 x 2 x-1-ft. 

No limitation on materials. 

~em~eratures can go as high as .the melting temperature of 
tungsten, i.e., 3410°C. The maximum power . . level available is 
300 kW. . 

... . 

The rise and decay time for the power is dependent upon the rapidity 
of electrical switching. The temperature rate of change 
depends upon the heat capacity and thermal heat transfer'.of the 
test piece. 

Active cooling capability is approximately 400 kW with rejection 
to water. 

Instrumentation includes strip chart, data acquisition systems and 
a H.P. 9845B Computer. Test sensors include thermocouples,' 
pres$ure transducers, current, voltage, etc. 

Currently in application to the PAHR program. Current costs involve 
primarily the attendant personnel, usually two persons. 

Supporting facilities include A N '  shops and analytical labs. 

As assigned. 
.. . . 

Closed loop configuration using Nak as heat transfer fluid with 
final heat rejection to water. 

b) See above. ' 

. 

c> See above. 

d ) Flowrate maximum approximately 8 Elmin. Maximum stall pressure for 
the electromagnetic pump, 2 atm. 

3. No nuclear heating available. 



, H I G H  TEMPERATURE LIQUID-METAL MHD 

LOCATION: ANL-E,  Argonne, I l l i n o i s  - 
STATUS : -- Operat ional  N O V  5 

PRINCIPAL USES: 

The High-Temperature Liquid-Metal  MHD F a c i l i t y  i s  used 
UMAI 

sodium-nitrogen two-phase l i qu id -me ta l  MHD gene ra to r  performance 
as  a func t ion  of temperature and o t h e r  parameters. 

'FACILITY DESCRIPTION: . . 
.. -. -- 

The f a c i l i t y  provides  known flows of l i q u i d  (s~dium] and g a s  ( n i t ~ ~ -  
ge:i) f o r  t e se fng  t h e  two-phase l i qu id -me ta l  MHD genera tor .  I t  con.- 
s i s t s  o f  a sodium loop and a n i t r o g e n  loop w i t h  a common mixer,  t e s t  
s e c t i o n ,  and separator /sodium dump'tank. The sodium i s  r e c i r c u i a t e d ,  
whi lc  the n i t r ~ ~ g e n  I s  exhaiisted t o  t he  atmosphere from t h e  s e p a r a t o r  
through a scrubber  t o  remove a l l  t r a c e s  o f  sodium. The n i t r o g e n  ex-  
h a u s t . l i n e  i s  equipped w i t h  a c o n t r o l  va lve  t o  f i x  t h e  gerieratos e x i t  
p r e s su re .  The sodium loop inc ludes  an e l ec t romagne t i c  pump, a flow- 
meter ,  c o n t r o l  va lves ,  and p r e s s u r e  t r ansduce r s .  The n i t r o g e n  loop 

. somprises a h e a t e r  and c o n t r o l  system t o  h e a t  t h e  gas t o  t h e  l iqu id .  
temperature ,  a  flowmeter,  a  f low-race  c o n t s o 1 l e r S  and p r e s s u r e  t s a n s -  
ducers .  Addi t iona l  n i t r o g e n  i s  supp l i ed  f o r  acces so r  coo l ing ,  and 
a dc' i r o n - c o r e d  electromagent p rov ides  the  n ~ g n e t i c  f i e l d .  

. . .  . . . .  . -  . . . . . 

TEST CAPABILITY: 
I 

The t e s t  s e c t i o n  f i t s  between Graylok f l anges  l o c a t e d  about 6  f% ( 2  m) 
a p a r t ,  The gene ra to r  i s  i n s e r t e d  i n t o  t h e  I l l - in  (O,28 m) - long  ~e lec t rom 

. . a i r  gap. Ins t rumenta t ion  i s  provided t o  measure and c o n t r o l  gas and 
l i q u i d  flow r a t e s ,  p r e s s u r e s ,  and temperatures ;  and t o  measure '[dc) 
g e n e r a t o r  vo l t age  and c u r r e n t , p r e s s u r e  a long t h e  gene ra to r  channel ,  
magnetic f i e l d  s t r e n g t h ,  and void  f r a c t i o n  d i s t r i b u t i o n  i n  t h e  gen- 
e r a t o r .  

. . General  Parameters 

Working f l u i d s  Sodi~rm 'and nitrogen 
Maximum flow r a t e s  

Maximum p re s su re s  

Maximum temperature  . 

500 gpm (26 kg/s )  sodium 
324 scfm ( 0 , 1 8  kg / s )  n i t r o g e n  

180 p s i a  ( 0 . 6 9  MPa) sodj.um 
1 4 5  p s i a  (1 MPa) 

AUXILIARY EQUIPMENT : 
Data a c q u i s i t i o n  system - up t o  96 channe ls ;  

e 

! temperature  o r  vo l t age  i n p u t ;  punched t a p e  ou tpu t .  
I 
! dc  e lect romagnet .  0  t o  0 . 9  T-working volume: 2 2  in..' (0,56 m) b y  

1 2  i n .  (0 .30  m) by fl i n ,  (0.28 m) gap. I I 

I 
I 
I I . Void f r a c t i o n  measuring sys tem,  3 channe ls ,  

I 
I BIBLIOGRAPHY: 
i 

I 
1. "HT-LMMHD System Design Descr ip t ion ,"  Argonne Nat iona l  Laboratory  

Document llo. GO01 7-01 57-SA-0% , December 1978. 



' M-BIENT-TEMPERATURE LIQUI D-METAL MHD FACILITY (AT-LFI~  

,'AT1 05 : ANL-E , Argonne , I l l i n o i s  

Ope ra t i ona l  

[ N C I P A L  USES: 

The Ambient-Temperature Liquid-Metal  bIHD F a c i l i t y  i s  us  
two-phase bBiD g e n e r a t o r  performance w i t h  NaK and n i t r o g e n ,  and t o  
s tudy  t h e  flow behavior  i n  t h e  gene ra to r .  

C l L I f Y  DESCRZPTION,: 

' The f a c i l i t y  pro.vides known f lows  of l i q u i d  (Na'K) and gas ( l l i t rogon) 
f o r  t e s t i n g  two-phase l i q u i d - m e t a l  MHD gene ra to r s  a t  amb.ient temperature. .  
I t  c o n s i s t s  of a  NaK loop  and a n i t r o g e n  loop w i t h  a common mixer, gener-  
a t o r  t e s t  s e c t i o n ,  and separatar/NaK s t o r a g e  tank .  The NaK is  . r e c i r c u l a t e d ,  
wh i l e  the n i t r o g e n  i s  exhausted t o  t h e  atmosphere 'from t h e  s e p a r a t o r  tank 
through a  secondary s e p a r a t o r .  The n i t r o g e n  exhaus t  l i n e  i s  equipped w i t h  
a c o n t r o l  va lve  and c o n t r o l l e r  t o  s ense  and f i x  t h e  g e n e r a t o r  e x i t  p r e s s u r e .  
The NaK 1oop: inc ludes  t h r e e  canned-rotor  p m p s  i n  s e r i e s  w i t h  bypass va lves  
s o  t h a t  on ly  one o r  two can b e  ope ra t ed  i f  d e s i r e d ,  a t u r b i n e  flow mete r ,  
c o n t r o l  v a l v e s ,  and p r e s s u r e  gauge. The n i t r o g e n  loop  comprises a  h e a t e r  
and c o n t r o l  sys tem t o  h e a t  t h e  gas t o  t h e  l i q u i d  t empera ture ,  a  flowmeter,  
c o n t r o l  v a l v e s ,  and p r e s s u r e  gauges. A dc  e lect romagnet  p rov ides  t h e  
magnetic f i e l d .  

!ST CAPABILITY: 

The t e s t  s e c t i o n  f i t s  between convent iona l  f l a n g e s ,  and i s  i n s e r t e d  i n t o  
t h e  ( a d j u s t a b l e )  e lect romagent  a i r  gap. In s t rumen ta t i on  i s  provided t o  
measure and c o n t r o l  gas and l i q u i d  f low r a t e s ,  p r e s s u r e s ,  and temperatures  ; 
and t o  measure (dc) g e n e r a t o r  v o l t a g e  and c u r r e n t ,  p r e s s u r e  along t h e  
g e n e r a t o r  channe l ,  magnetic f i e l d  s t r e n g t h ,  and vo id  f r a c t i o n  d i s t r i b u t i o n  
along t h e  gene ra to r .  

Working f l u i d s  

General  Parameters 
NaK (sodium-potassium) and 
n i t r o g e n  

b!aximum flow r a t e  330 gpm (18 kg/s)  KaK 
800 scfm (0.44 kg/s)  n i t r o g e n  

blasimwn p r e s s u r e s  2 7 5  p s i g  (2 .0  MPa) 

hlaxim~un temperature  

. U X I  L I  ARY EQUIPMENT.: 

In s t rumen ta t i on  f o r  record ing  exper imental  d a t a .  

dc  e lect rogmagnet ,  0 t o  g r e a t e r  than 1 . 2  T a t  3 . 5  i n .  
( 0 . 0 9  'm) a i r  gap,  working volume 1 6  i n .  ( 0 . 4 1  m) 

I diamete r  by  a d j u s t a b l e  a i r - g a p  l eng th .  

Vo id - f r ac t i on  neasur ing systerc. 

Mot-film anemometry system. 

,[ 1.; TJ gG w i j y  : - 
:,I. P e t r i c k ,  G .  F a b r i s ,  R .  Cole ,  R .  t iantran,  E .  P i e r son ,  and I. . 1 

J .  Cu t t i ng ,  "Exper inen ta l  Two-Phase Liquid-Ideta1 ?MD Generator 
Program," AYL/EKG-  7 6 - 0 4 ,  Argonne S a r i o n a l  Labora tory ,  Nov. 19 76.' 
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ABSTRACT 

A 50-gallon-capacity lithium loop constructed 
mostly from 304L stainless steel has been operated for 
over 6000 hours at temperatures in the range from 
360 to 480°C. This facility. the Lithium Processing 
~ e s t  Loop (LPTL), is being used to develop processing 
and monitoring technology for liquid lithium fusion 
reactor blankets. Results of tests of a molten-salt 
extraction method for removing impurities from liquid 
lithium have yielded remarkably good distribution co- 
efficients for several of the more common nonmetallic 
elements found in lithium systems. In particular. 
the equilibrium volumetric distribution coefficients, 
Dv (concentration per unit volume of impurity in salt/ 
concentration per unit volume of impurity in lithium), 
for hydrogen, deuterium, nitrogen and carbon are -3, 
%4, >lo, s2, respectively. Other studies conducted 
with a smaller loop system, the Lithium Mini-Test Loop 
(LMTL), have shown that zirconium getter-trapping can 
be effectively used to remove selected impurities 
from flowing lithium. 

M E  CHEMICAL ENGINEERING DIVISION OF M E  ARGONNE 
NATIONAL LABORATORY (ANL) is conducting a program of 
studies to establish the technology for processing 
and monitoring liquid lithium fusion reactor blankets. 
Emphasis during the initial phases of this work has 
been on control of the hydrogen isotopes and the pri- 
mary ambient impurities, oxygen, nitrogen, and carbon. 
The long term objective is to develop processing 
methods capable of 1) holding 0. N, C. H and, if 
necessary, D levels in large liquid l'ithium systems at 
S10 wppm and 2) recovering tritium with sufficient 
efficiency to hold the tritium level at or below 
1 wppm. Methods currently under study include cold 
trapping, hot-getter trapping (using reactive metals), 
and moltensalt extraction. Most of the key experi- 
ments conducted to date have been performed using the 
50-gallon-capacity Lithium Processing Test Loop (LPTL) 
and a much smaller loop the Lithium Mini-Test Loop 
(&L). The features of the LPTL and the LMTL that 
are important to this study are summarized in Table 1. 
Progress in this program up to and including calendar 
1978 together with details of the experimental 
facilities has been discussed in a number of earlier 
publications (1-6)**. The purpose of this paper is to 
summarize the important features of work completed 
during the first half of calendar 1979. This work 
consisted main'ly of 1) the first series of molten-salt 
extraction tests on the LPTL using LiF-LiC1-LiBr and 
2) an analysis of the zirconium getter wires from the 
10,000 hour LMTL test run (1.2). 

*Work performed under the auspices of the U.S. Depart- 
ment of Energy. 
**Numbers in parenthes!.~ designate references at' end 
of paper. ' 

+present address, Eckerd College. St. Petersburg, FL. 

MOLTE'N SALT EXTRACTION TESTS 

The concept of using a molten salt extraction pro- 
cess to remove hydrogen isotopes and the ambient im- 
purities from liquid lithium has been described in 
earlier publications (5.6). In brief, liquid lithium 
(specltlc gravity W.5) 1 5  mixed with and separated 
from an all-lithium-halide molten salt (specific 
gravity -2.2). During mixing, the salt-like impurities 
(e .g. ,  LiH, LIT, LizC2, Li3N) are preferentially ex- 
tracted from the lithium phase into the salt phase. 
After separation, the lithium is returned to the re- 
actor and the salt is sent on to an electrolyzing 
tank, where the impurities are evolved (as Hz, T2, N2, 
CHI,, etc.) by low voltage electrolysis using a 
specially designed inert-gas-sparged electrode (6). 
The size of the associated processing equipment is 
determined by the tritium production rate, total 
lithium inventory, and allowable upper limits for 
tritium and impurities. In general, the volume of 
space, the power demand, and the cost of this process- 
ing equipment are not expected to be at all significant 
for presently conceived D-T burning fusion reactors 
(5.6). 

Preparatory to the first series of molter.-salt 
extraction tests on the LPTL. the 35-gallon-capacity 
LPTL salt tank. shown schematically in Fig. 1, was 
filled with 215 gallons of molten LiF-LiC1-LiBr (22-31- 
47 mol 7: .  m.p. %44S0C). Following several weeks of 
low-voltage pre-electrolysis of the salt tr, minimize 
residual impurities. -6 gallons of lithium was pumped 
from the LPTL reservoir tank into the inner annular 
region of the salt tank. Following an extended period 
of continuous stirring of the lithium/salt interface, 
filtered samples were taken from both the salt and 
metal phases in the salt tank. Selected samples from 
each phase were analyzed for H, D, N, and C to deter- 
mine the equilibrium distribution coefficients for 
these impurities between the salt and metal. In 
addition, several lithium samples were analyzed for 
F, C1, and Br to determine the amount of dissolved andl 
or entrained salt in the lithium which will sub- 
sequently be returned to the LPTL reservoir tank. 
Representative results of these analyses are s u m -  
rized in Table 2. Information on the sampling'and 
analytical methods is given in Table 3 and, in more 
detail, elsewhere (1, 7-9). 

The data in Table 2 offer definitive evidence 
that the salt extraction method can provide the 
degree of processing capability needed to remove 
several of the dominant ambient impurities from 
a liquid lithium fusion reactor blanket. The volu- 
metric distribution coefficients for nitrogen, and the 
hydrogen isotopes. >lO and > 3 ,  respectively, are 
particularly encouraging since no other removal 
methods for these elements have evolved to the point 
that a comparable demonstration of practicality and 





Table I - Summary of Construction and Operating Characteristics for the 
Uth ium Processing Test Loop and the Lithium Mini-Test Loop 

. Uth ium Processing Test b o p  ,' Lithium Minl-Test Loop 

Loop Capacity: 

Construction Material: 

-50 gallons -I Wter 

Mostly 3041-55 (some 316SS) 304- and 316-55 

Openting Temperature , 

Main Laap. . .  . 400-500% 450, - 5!J0°c 

Getter Leg: 400 - H3O0C 550 - 60O0C 

Cold Trap Leg: 180 - 3Oo0C - 
Salt Extraction Leg: 500-530°C. - - 

Length of Operation: 16(300 hours (continuing) -10.000 hours 
Experimental Capabilities: 

Direct Sampling: Filter. Pipette . - . Filter Pipette 

Cold-Trapping: Mesh-Packed Trap - 
Getter-Trapping: Zlrconium-Packed Trap . Zirconium-Packed Trap 

Hydrogen Monitoring: Permeation-Type - 
LIF-L~CI-~l0r Salt Extraction: - 

Table 2 - Results of Salt-Extraction Tests using' the  LPTL Salt Tank 

Clest Temperature =530°C) 

lmpurl ty Element Concentration, wppm 
Phase Sampling 

Analyzed Status N i t r q e n  Hydrogen Deuterium C a m n  Chloride Floride ~ r o m i d e l  

Lithium Before 
Contacting ) 1200 

Lithiumb After 190 1.3 4 . 3 :  760 740 175 - - 2.2 490 980 270 

saltb After 1 15-261 130 . 1.1 1.9 - - - 
Contacting 115-106 . - - 1.0 - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volumetric Distribution 
~oeff ic ienf '  

a ~ ~ l ~ ~ ~ t ~ i ~  ~ i ~ t ~ i b ~ t i ~ ~  coefficient . (wppm impuri ty i n  salt). (density of salt) 
(wppm impurity i n  lithium).(density of l i thium) 

Density of Lithium at 530 '~  0.483 glcc: Density of Salt at 530 '~ - 2.2 glcc 

b ~ a m p l e  1L is correlated with sample IS, sample I IL  i s  correlated with sample' l IS. 
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Fig. 1 - Schematic Cross-Section of the LPTL Salt 
Tad. 

effectiveness can be made. Although the electrolytic 
evolution of nitride and hydride from lithium-saturat- 
ed LiF-LiC1-LiBr has already been carried out on a 
laboratory scale (6. ID), further verification of 
this important step in the overall salt-extraction 
process is planned in subsequent tests on the LPTL 
salt tank. , 

While the total amount of halogen (F + C1 + Br) 
in the lithium following the salt/lithium separation 
step is near 2000 wppm, it is encouraging that only a 
small fraction of this is bromide. [Of the three 
halogens, F, C1, and Br, only the bromide would pose 
measureable neutronic problems were it present in 
large amounts in lithium returning to a fr~sion reactor 
blanket.] Nonetheless, the salt processing branch of 
a reactor system will probably have to include a 
specially designed cold trap in the lithium line, down- 
stream of the mixing and separating equipment, to 
reduce the total halogen content in a manner that 

Table 3 - Summary of Sampling and Analytical 
Procedures Used on LPTLand LMTL 

Impurity 
Element Method . - References 

~y imgen 1 Gas Evolution 1, 7 
Deuterium (Permeation) 

Nitrogen Micro-Kjeldahl 1, 8 

Carbon Acetylene Evolution 1. 9 

Fluoride Ion 
Chloride Chromatography - 
Bromide 

would also allow for continuous or periodic return of 
the separated salt to the salt loop. 

The principal of operation of the salt tank in 
Fig. 1 is that. following mixing and gravitational 
separation, the salt is pushed downward in the outer 
annular region (by controlled gas pressurization) 
until the salt/metal interface is vithin a few inches 
of  the rnp nf tho "aatchcr", wlterefrom it is forced 
back into the LPTL reservoir tank, via the lithium 
outlet line, by gas pressurization of the salt tank. 
A further function of the salt tank is that after the 
salt has become loaded with extracted impurities, it 
can be forced into the outer annular region vhich 
contains the same type of sparged procoscing electrode 
described in reference 6 .  The impurities evolved by 
the electrolysis (Hz, HD. D2. N2, etc.) are carried 
out of the salt tank by tlie sparge gas (high purity 
argon) and are gettered externally by a hot ("-550°C) 
titanium bed. 

Although the LPTL salt tank has proven to be 
especially well suited for determining equilibrium 
saltlmetal extraction coefficients and related salt 
processing data. an interesting problem has emerged 
that has complicated efforts to carry out re- 
petitive extraction/electrolysis tests. Over extended 
time periods, lithium from the inner annular region 
gradually migrates to the surface of the outer annular 
region and shorts the electrodes. The cause of this 
migration has not been clearly r ~ + n l , v e d ,  but thrrmnl 
diffusion through the salt or some type of surface 
creep phenomena are suspected. In order to overcome 
this problem, a small auxiliary tank has been set up 
above the salt tank to provide a means of syphoning 
the migrating lithium from the outer annular region 
back into the inner annular region. This experience 
has confirmed earlier beliefs that. in the prototype 
salt processing scheme, mixing. separating, and salt 
electrolysis should be carried out in at least two or 
possibly three separate and totally independent steps. 

LONG-TER! GETTERING STUDIES USING ZIRCOKIL?I 

Hot-getter trapping. using reactive metals, has 
long been considered a viable approach to the problem 
of removing the ambient impuritics from liquid 
lithium (11.12). Accordingly. a Lithium Mini-Test 
Loop (LMTL) experiment was initiated at AKL in 1976 
to evaluate thermally regenerative hot trapping by 
zirconium. l'he basic features of the LMTL experiment 
are summarized in Table 1 and are discussed in greater 
defail in references 1 and 2. 

In all, the LMIZ. operated for 1.10.006 hours be- 
fore shutdout~. During the first 1.1000 hours, the 
nitrogen level dropped from the startup value nf 
1.700 vppm to ~ 2 0 0  wppm, but thereafter rose linearly 
vith time to 1.600 wppm at 10,000 hours (2). The car- 
bon level, determined near the end of the test, vas 
<50 wppm. As part of the post-test examination of the 
LMTL, the zirconium wires (21.5 w in diameter) which 
had been used in the thermally-regenerative getter 
leg, were subjected to analysis by ion microprobe 
( I M )  methods (13). The results of those analyses 
are given in Table 4 and Fig. 2. 

Microscopic examination of selected wires mounted 
in cross section, revealed that the first 15 to 30 U n  
region (inward from the surface) was heavily pitted 
and cracked and was largely inhomogeneous. The data 
in Table 4 are considered to be representative of IF54 
spot scans made across this region. They show that 
the surface region contains measurcnblc quantities of 
the constituent elements of the loop construction 
material (Fe, Cr, and Xi) and significant quantities 
of the major alkali and alkaline earth elenents pre- 
sent as impurities in the original lithium (i.e., Ca, 
Na and K). The latter elements are presumed to be 
tied up as ternary or higher order zirconium compounds 



Table 4 - Metallic Element ~ i s t r i b u t i o n s ~  in'zirconium 
Getter Wire from 10.000 Hour LMTL Test 

Relative Counts (Averaged) 

Element - 
Zirconium 
l ron 
Chromium 
Nickel 
Calcium 
Lithium 
Potassium 
Sodium 

0 to M ~m >H) pm (Bulk) - .... , ...-- . , 

a~etermined by Ion Microprobe Mass Analysis 

such as zirconates. This supposition remains to be 
tested by more specific methods ( e . g . ,  Auger or ESCA). 
If true, however, it would appear that, vhereas re- 
active metal gettering with materials like zirconium 
night provide some capability for removing the alkali 
and alkaline-earth elements from lithium, the compounds 
of these elements formed around the near-surface 
regions could reduce the effectiveness of the getter 
in extracting the non-metallic elements. Although not 
indicated in Table 4, it was also found that the re- 
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Fig. 2 - Ion Microprobe Analysis of Zirconium Wire 
From the 10,000 Hour LMTL Test. 

lative concentrations of H. 0, N, and C in the near- 
surface regions (0 to -30 um) are much higher than in 
the bulk (> 30 um) . 

The results in Fig. 2 give evidence that H, C, 
0. and N did indeed penetrate the getter wires (most 
likely by bulk diffusion) to depths of ,400 um. The 
estimated concentration of each of these elements in 
the wire, based on crude integration of the extra- 
polated profiles, is s0.1 veight percent, which in 
any future usage should be correlated with the fact 
that the wires vere operated in lithium for 10,000 
hours a e  600°C and chat the.specific surface area of 
the vires was -4 cm2fg. It shouid also be srated 
here that the data for nitrogen were somewhat obscured 
by other mass signals and that the profile for nitro- 
gen was estimated to be about the same as the oxygen 
profile as is indicated in Pig. 2.  Zn the case of 0, 
N, and C, the dashed portions of the curves in Fig. 2 
represent upper limits to the extended profile and. 
in fact, in each case the center reading (at 0.75 mm) 
was actbally below the limit of reliable detection 
(-80 counts). The apparently higher concentration of 
hydrogen in the 0 to 400 um region. compared to the 
wire-.contarline value (at 0.75 mm), may be due to 
trapping of hydrogen by other impurities or latcice 
defects (14.15). Ordinarily, the hydrogen profile 
vould be expected to be relatively flat, because of 
the high diffusivity of hydrogen in zirconium at 550- 
6OO0C. 

CONCLJSIONS REGARDING LITHIUM PROCESSING CAPABILITIES 

Based on.the work reported herein and in refer- 
ence 1, 2 and 6, it is possible to define in reason- 
ably specific terms a processing methodology for 
liquid lithium that will meet the needs of inertial 
and magnetic fusion,power reactors. A summary of pro- 
jected processing capabilities for the three purifi- 
cation methods ( cold trapping. getter trapping, and 
salt extraction) studied in this paper and in 
reference 1 is given in Table 5. These results in- 
dicate that a combination of salt extraction and cold 
trapping should provide adequate tritium recovery and 
impurity control. It is ex~ected that the hydrogen 
isotopes, nitrogen, and to some extent carbon will be 
removed via  the salt extraction equipment and that 
cold trapping will control carbon, oxygen and halogen 
levels. 

Because the salt-extraction step must be carried 
out at 500 to 550°C, it will probably have to be per- 
formed on the lithium at the peak temperature of the 
thermal conversion cycle. For the case of lithium 
cooled reactors, it.vil1 be incumbent upon future 
process verification tests to'determine whether the 
removal from lithium of entrained and dissolved salt 
must be carried out immediately after the salt pro- 
cessing operation or can be delayed until after the 
energy extraction step. Since only a small fraction 
of the total lithium flow coming from the reactor 
would be directed to the salt processing leg (1 to 2% 
perhaps), the loss of thermal energy accompanying 
cold trapping of the process stream (before enerpv ex- 
traction) vould not be severe, and, in fact, some of 
that energy might be recoverable through clever cold- 
trap economizer design. On the other hand, it seems 
that no serious problems would arise from blending 
the process stream in vith the primary entrant flow 
to the intermediate heat exchanger (1HX)and then cold 
trapping some fraction of the 'low temperature lithium 
returning to the reactor from the IHX. Regardless of 
which approach is used, the salt level in the bulk 
lithium will eventually reach the level set by the 
effective cold-trap temperature. This level appears 
to be ~ 3 0 0  wppm total halogen, C1 + Br + F. based on 
preliminary results of some cold trap experiments 
that are still in progress. 



In an actual reaCtor blanket system, it sho id be 
possible to reduce the steady-state concentratio! of 
the hydrogen isotopes (total) and the ambient impuri- 
ties (excluding'oxygen) to the 110 vppm level. By 
permitting,the hydrogen and/or deuterium steady-state 
concentrations to exceed the tritium concentration by 
a factor of 10 or more, the tritium level can be held 
to cl w p m .  This does not appear to put an unreason- 
able burden on subsequent fuel enrichment operations. 
More work ic needed to LeLter define a cold-trapping 
or gettering procedure that will effectively reduce 
oxygen to the c10 w p m  level. Because the decomposi- 
tion potential of Liz0 is higher than that of the 
extraction salt (LiF-LiCl-LiBr), it will not likely 
be possible to evolve oxygen during salt electrolysis. 

On the whole, the prospert+ for maintaining a 
low-eritrum-inventory, high-purity circulating lithium 
system in a fusion power reactor appear to be quite 
good at this time. Steps are presently being taken 
in the ANL blanket processing program to provide a 
dafiniti- -rerifiaotian of Jyuanlc real-tile tritium 
recovery and simultaneous impurity control on a scale 
that should extrapolate to anticipated fusion reactor 
operating conditions. 

Table 5 - Summary Comparison of processing W l o n s  

IMPURITY CONTROL M~THODS' 
IMPURITY COLD-TRAPPING Gm:/RAP%G &LTMTRAtTlOnl 

TRITIUM .IMX) w p ~ m  (c l .I w p ~ m  

CARBON - 5  WDm fcl -10 w ~ p m  

OXYGEN ' -'I00 w p m b  fc l  (d ) 

a ~ u m b e r s  indicate projected' upper or laver  l imit of control. 

bNithout post-trap filtration. 

C ~ e p e n d s  on getler material, temperature, and trap design-- 
= 100 wppm is possible. 

d ~ o i  applicable 
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!Table 1. SODIUM LOOP FACILITIES AT ANL, BLDG. 206 

?SL - 

LOOP 

Sod i um 

Trace Heating 

375 kw Heat Exc. 

1200 

470 ', 

Annular .- L inear  
Induc t ion  Pump . 

120 

120 

20150 

6 ft. V e r t i c a l  

Components and Mater ia ls  Evaluat ion Loop 

b O u t - o f - ~ i l e  Expulsion and Reentry Apparatus 

'small Sodium Tes.t Loop 

b~~~~~ 

Bl  owdown 

Sod i urn 

Trace Heating & 
Fuel Pin Simulators 

Heat Capacity 

1200 

200 (Blowdown Vessel) 
10 ( R e c ~ i  ver Vessel) 

Pressure B i  f f e r e n t i a l  

250 

C 

6 5 

12 ft. Ver t i ca l  

F a c i l  i t i  con f i gu ra t i on  

' F l u i d  

Heat Source 

Heat Sink 

Design Temperature, O F  

. . 
Design Pressure, p s i g  

Flow Control  

Sodi um F l  owrate, gpm 

Pump ~ead-,  p s i d  

Sodi um Inventory i n  .Loop/ . * 

Tota l  , Gal. 

- Test ~ e c t i o n ( s )  

a 

a ~ ~ ~ ~ ~ -  I I 

Loop o r  Bl  owdown 

Sodium . 

Trace Heating 

Heat Capacity 

1000 

300 

EM Pump (Loop) o r  
Pressure D i f f e r e n t i a l  

220 (LOOP) 
400 ow low down) 

150 

60180 

9.6 ft. Ver t i ca l ,  
3 ft. Hor izonta l  
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Dear Mr. Hsu: 

I am replying to your letter of September 11, 1981, requesting 
responses to questions concerning Los Alamos capabl.1j.tj.e~ in performing 
portions of TPE-I1 of the overall ANL FW/B/S program. 

Los Alamos responded to the original EOI for TPE-I and TPE-111. The 
material submitted as part of the Los Alamos EOI response to TPE-I can,be 
applied directly to the bulk of the TPE-I1 tasks. It is within this 
context that I enclose a copy of the Los Alamos TPE-I response. 

In surveying the subquestj.ons under items /I1 and /I2 of your 
questionnaire, we feel that all non-nuclear requirements of TPE-I1 can be 
met or exceeded by the facilities, personnel and/or general capabilities 
outlined in the enclosed Los Alamos response to EOI/TPE-I. The major 
sources of steady-state nuclear (neutron) heating at the Laboratory would 
be a small pool-type fission reactor (Omega West) and the 'beam-dump at the 
LAMPF. Relevant responses to your item /I3 of the questionnaire with 
respect to the Omega West Reactor and the LAMPF beam-dump can be generated 
at a later date, should you so desire. 

. Thank you for ' your interest, and please do not' hesitate to call for 
added information. (FTS-843-5863). 

Sincerely yours, 

RAK/ odm 
Robert A. Krakowski 

encls. a/s 
xc: CRMO (2) 
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I. INTRODUCTION/BACKGROUND 

Th i s  s e c t i o n  summarizes t h e  e s s e n t i a l  e lements  of TPE-I as g i v e n  by t h e  "Program 

P l a n  f u r  DOE/Office of Fusion Energy First-Wall/Blanket/Shield Engineer ing  

Test Program" (November, 1980). 

. A. DEFINITION OF TPE-I 

l h e  t a s k  d e f i n i t i o n  f o r  TPE--I ie as fo l lows:  non-nuclear t h e r m a l h y d r a u l i c  ' 

a n d '  thennomechanical  t e s t i n g  of  f i r s t - w a l l  and, where i n t e g r a l l y  coupled,  
I 

f i r s t - w a l l l b l a n k e t  f a c s i m i l e s  w i t h  emphasis on s u r f a c e  h e a t  load and heat-1.oad. . 

t r a n s i e n t  ( i .e . ,  plasma d i s r u p t i o n )  e f f e c t s .  

B. TECHNICAL BASIS 

The exper imenta l  program f o r  TPE-I a d d r e s s e s  a v a r i e t y  o f  f i r s t - w a l l  and 

f i r s t - w a l l l b l a n k e t  c o n f i g u r a t i o n s  under normal and t r a n s i e n t  hea t - load ings -  

S p e c i f i c a l l y ,  t h e s e  tests w i l l :  

e ~ a m i n e  t h e  f i r s t - w a l l  component r e l i a b i l i t y  and i n t e g r i t y  under 

a c o n d i t i o n s  of s e n s i b l e  h e a t  r ecovery  w i t h  f u s i o n - r e l e v a n t ,  combined 

h y d r a u l i c  and mechanical  responses .  

model exper imenta l ly  t h e  h y d r a u l i c  and mechanical  r e sponse  of f u l l y -  

s t r u c t u r e d  f i r s t  w ? l l s  ( i  .e., i n c l u d i n g  bends ,  weldments, f a s t e n e r s ,  

s u p p o r t s ,  c o a t i n g s )  under  t r a n s i e n t  cond i t ion .  

perform e n g i n e e r i n g  tests t o  f a i l u r e  vfa s i n g l e -  o r  n u l t i p l e - p u l s e  

o p e r a t i o n  of r e a l i ~ t i c a ~ l y  eng ineered  f i r s t - w a l l  s t r u c t u r e s  t o  deve lop  a  

d e s i g n  b a s i s  f o r  r e l i a b l e ,  c o s t - e f f e c t i v e  f i r s t - w a l l  c o n f i g u r a t i o n s .  

examine the. h y d r a u l i c  and mechanical  r e sponse  of s p e c i a l i z e d  f i r s t - w a l l  

components (pumped-limiters,  c o a t i n g s / l i n e r s ,  p r o t e c t i v e  armor) t h a t  a r e  

,expected t o  be subjected t o  bo th  s t e a d y - s t a t e  and rraasjient s u r f a c e  h e a t  

l o a d s  t h a t  f a r  exceed t h e  d e s i g n  l i m i t s  I e r  se a n t i c i p a t e d  f o r  t h e  f i r s t  

w a l l .  

C. GENERAL ORGANIZATION OF TPE-I 

Phase 0 :  D e t a i l e d  p lann ing  of  TPE-I t h a t  f a c t o r s  i n  t h e  deve lop ing  

d e f i n i t i o n  of needs f o r  ETF/FED. 

Phase I:  .Development of h e a t  e j e c t o r ( s )  t h a t  g i v e s  a r e a l i s t i c  s i m u l a t i o n  

o f  o p e r a t i o n a l  e f f e c t  on a  r e p r e s e n t a t i v e  f i r s t - w a l l  and /o r  f i r s t - w a l l / b l a n k e t  

segment under f u s i o w s p e c i f i c  h y d r a u l i c  and mechanical  s i m u l a t i o n s .  The 

g e n e r a l  o b j e c t i v e s  of T P G I  a r e :  



develop and o p e r a t e  a f i r s t - w a l l  t e s t  f a c i l i t y  t h a t  can d e l i v e r  h e a t  a t  

a  r a t e  of 1-2 M W / ~ *  t o  f i r s t - w a l l  segments of a r e a  2 0.1 m2,-10120 MW/& 

t o  s m a l l  components, a n d  as h i g h  as 100  M W / ~ ~  under t r a n s i e n t  

c o n d i t i o n s .  

a examine a range of f i r s t - w a l l  c o n f i g u r a t i o n s ,  i n c l u d i n g  panel  c o i l s ,  

tube-banks, and s l o t t e d  monol i ths  of v a r i o u s  t h i c k n e s s e s ,  shape,  

m a t e r i a l s ,  c o o l a n t s  and c o o l a r ~ t  parameters ,  s t r u c t u r a l  s u p p o r t s ,  

c o a t i n g s ,  and t empera tu res .  

examine under h i g h  h e a t  f l u x  a range of f i r s t - w a l l  components, such a s  

l i m i t e r s  and p r o t e c t i v e  armor. 

e v a l u a t e  thermal  and mechanical  o p e r a t i n g  l i m i t s  i d e n t i f y  f a i l u r e  mode 

and o p t i m a l  c o n f i g u r a t i o n s  f o r  a range of f i r s t L w a l 1  and f i r s t - w a l l  

component c o n f i g u r a t i o n s  f o r  bo th  s t e a d y - s t a t e  and t r a n s i e n t  c o n d i t i o n s .  

a deve lop  a f i r s t - w a l l  e n g i n e e r i n g  d a t a  base  through comparison of 

exper imenta l  r e s u l t s  w i t h  numerical  models t h a t  can be  used by o r  

extended t o  ETF/FED c o n d i t i o n s  i n s o f a r  as s t r e s s ,  s t r a i n ,  f a t i g u e ,  

d e f l e c t i o n s ,  de fo rmat ions ,  v i b r a t i o n s ,  f a i l u r e  modes, e f f e c t s  of f a i l u r e  

and g e n e r a l  thermobydraul ic  r e sponses  are concerned. 

D- LOS,ALAMOS ORGANIZATION FOR IMPLEMENTATION OF TPE-I. 

The .genera1  o r g a n i z a t i o n  of Los Alamos s t a f f  proposed t o  under take  TPE-I 

and t o  a c h i e v e  meaningful  exper imenta l  r e s u l t s  i n  t h e  s h o r t e s t  p o s s i b l e  t ime  on 

e x i s t i n g  f a c i l i t i e s  is shown i n  Attachment #I. The centrum of  t h e  exper imenta l  

e f f o r t  w i l l  b e  l o c a t e d  In t h e  Advanced Heat-Transfer Group 9-13. 

Thermohydraulic and thermomechanical ' a n a l y s e s  f o r  bo th  d e s i g n  and 

i n t e r p r e t a t i o n  of a l l  exper iments  ' a l s o  w i l l  be  6erfonned i n  Group 4-13, wi th  

s i g n i f i c a n t  suppor t  and guidance be ing  provided by Groups CTR-12 and WX-4 i n  

o r d e r  t o  a s s u r e  t h e  o p t i m a l  g e n e r a t i o n  ':f fus ion- re levan t  d a t a  and d a t a  

c o r r e l a t i o n s .  
- 

11. RESPONSE TO REQUEST FOR EOI ON TPE-I 

A s p e c i f i c  r e sponse  t o  t h e  r e q u e s t  f o r  EOI o n  TPE-I i s  con ta ined  he re in .  

T h i s  r e sponse  f o l l o w s  e x p l i c i t l y  t h e  ' o u t l i n e  sugges ted  by  he ANL request - f  or- 

EOI memorandum of November. 24, 1980 (Sec. 11.~: Approach; 

Sec. 1 I . B :  I n t e g r a t i o n ;  Sec. 1I.C: C h a r a c t e r i s t i c s ;  Sec. 1 I . D :  Support; 
, . 

- Sec. 1I.E: Schedule;  Sec. 1I.F: P r i n c i p a l s ) .  The i n t e n t  of t h i s  response  is t o  

demons t ra te  t h e  unique combination of e x i s t i n g  the rmal  test f a c i l i t i e s ,  



advanced-heat- t ransfer  e x p e r t i s e  and fus ion- re leven t  exper ience  t h a t  p r e s e n t l y  

r e s i d e s  and is a c t i v e  a t  Los Alamos; t h e  t i m e s c a l e  reques ted  f o r  t h i s  EOI does  

n o t  permit  t h e  p lann ing  of a  s p e c i f i c ,  e x t e n s i v e  and q u a a t l t a t i v e  exper imenta l  
/ program t o  be included,  t h e  i n f e r e n c e  being t h a t  such a c t i v i t y  would be 

i n c l u d e d  i n  t h e  Phase  0  p a r t  of TPE-I. 

A. TPE-I (Phase I )  Approach 

1. Ckaeral Exper imental  Approach/Obj e c t i v e s .  The g e n e r a l  approach 

proposed f o r  TPE-I i s  i l l u s t r a t e d  s c h e m a t i c a l l y  on Attachment 62. This  well- 

t r i e d  and s u r r e s s f u l  approach is based on t h e  u t i l i z a t i o n  of e x i s t i n g  

f a c i l i t i e s ,  includi.ng a 2.5-MW dc g e n e r a t o r ,  well-equipped test bays ,  l a r g e  

vacuum chambers and modern d a t a  a c q u i s i t i o n  systems. Ihe proposed tests w i l l  

be  performed i n  con junc t ion  wi th  s ta te-of- the-ar t  thennomechanical and 

thermohydraul ic  a n a l y s e s  and codes t o  produce fus ion- re levan t  r e s u l t s  under t h e  

c l o s e  guidance and /or  d i r e c t  p a r t i c i p a t i o n  of in-houea e x p e r t s  i n  t h e  a r e a s  of 

advanced heat. t r a n s f e r ,  mecllanical d e s i g n / a n a l y s i s  and f u s i o n  technology. 

Meaningful r e s u l t s  should  be for thcoming w i t h i n  s i x  t o  n i n e  months a£ t h e  

p r o j e c t  i n i t i a t i o n .  Because of t h e  e x i s t e n c e  and a v a i l a b i l i t y  of bo th  

impress ive  f a c i l i t i e s  a?d h i g h l y - q u a l i f i e d  s t a f f ,  a wide range of f i r s t - w a l l  

c o n f i g u r a t i o n s  and f i r s t - w a l l  components can be t e s t e d ,  analyzed and c o r r e l a t e d  

w i t h  a r a p i d  and inexpensive  r e t r o f i t  c a p a b i l i t y  a l r e a d y  i n  p l a c e  and  

func t ion ing .  

S p e c i f i c a l l y  , a l l  f  i r s t - w a l l  and f i r s t - w a l l  component tests w i l l  be 

performed i n  vacuo o r  i n  low-Pressure hydrogen (few m t o r r )  i n  o r d e r  t o  s i m u l a t e  

c l o s e l y  t h e  fus ion-device  environment. Focused, c o n t r o l l a b l e  and programmable 

r a d i a n t  h e a t e r s  w i l l  be used t o  d e l i v e r  as much a s  2 MW of  d c  power t o  f i r s t -  

w a l l  Segments t h a t  a r e  of fus ion- re levan t  s i z e  (0.1-1.0 m2) .  A u x i l i a r y  power 

s o u r c e s  and h e a t i n g  methods (e.g., e l e c t r o n  beams, r e s i s t a n c e  h e a t i n g )  a r e  

a v a i l a b l e  t o  superpose  on any f i r s t - w a l l  test segment l o c a l i z e d  h e a t  f l u x e s  i n  

e x c e s s  of 10-20 M W / ~ ~ .  Both a d d i t i o n a l  s p a c e  and power is  a v a i l a b l e  t o  provide 

neutral-beam o r  ion-beam h e a t i n g  of l a r g e  s u r f a c e s ,  g i v e n  t h a t  t h e  a c q u i s i t i o n  

o f  such h e a t e r s  is deemed d e s i r a b l e  d u r i n g  t h e  Phase  I1 a c t i v i t y .  The u s e  of 

plasma a r c - j e t  hea t ing ,  e i t h e r  a s  t h e  main o r  a u x i l i a r y  s u r f a c e - h e a t i n g  scheme 

could  a l s o  be used, a l though  t h i s  scheme w a s  r e j e c t e d  as n o t  r e p r e s e n t a t i v e  of 

t h e  f u s i o n  environment ( i . e . ,  because of h i g h  p r e s s u r e ) .  Ihe v e r s a t i l i t y  of 

t h e  main dc  power s o u r c e  o p e r a t i n g  i n  con junc t ion  w i t h  numerous, l a r g e  t e s t  
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bays  pe rmi t s  a s  many a s  f o u r  major t e s t s  t o  be performed s imul taneous ly ,  should 

t h e  funding f o r  TPFiI e v e r  match t h i s  unique e x p e r i m e n t a l / t e s t i n g  c a p a b i l i t y .  

The o v e r a l l  program o b j e c t i v e s ,  a s  o u t l i n e d  i n  t h e  "~oE/o£  f  i c e  of ' -  Fusion 

Energy First-Wall/Blanket/Sh i e l d  Engineer ing T e s t  Program Pian"  and as 

summarized i n  Secs.  I.B. and I . C .  o f '  t h i s  EOI are s t r a i g h t f o r w a r d  and 

a p p r o p r i a t e .  Implementation of t h e  o b j e c t i v e s  on t h e  b a s i s  of a - q u a l i t a t i v e  

i n t e r p r e t a t i o n  must awai t  t h e  r e s u l t s  of t h e  Phase-0 a c t i v i t ' i e s .  General ly ,  
' 

t h e  development of a n  a p p r o p r i a t e l y  conf igured and coo led  f i r s t i w a l l  segment of 

0.1-1.0 m 2  a r e a  and t h e  t r a n s f e r  t o  t h a t  t e s t  segment a s t e a d y - s t a t e ,  uniform 

h e a t  f l u x  of 1-2 I9w/m2 r e p r e s e n t s  a s t a t e o f - t h e - a r t  ta.sk. Although long-term 

s t e a d y - s t a t e  tests under t h e s e  c o n d i t i o n s  and i n  t h i s  environment w i l l  be 

performed t o  extend an  a l r e a d y  s u b s t a n t i a l  d a t a  b a s i s ,  t h e  f o c u s  of t h e  TPE-I 

a c t i v i t i e s  w i l l  be p laced  on f a i l u r e  mode a n a l y s i s  and component e v a l u a t i o n  

under  more s e v e r e  pulsed,  h igher-heat- f lux c o n d i t i o n s  and on h e a t - t r a n s f e r  

s u r f a c e s  t h a t  a r e  no t  conven t iona l  ( i .e . ,  coa ted  s u r f a c e s ,  b r i t t l e  m a t e r i a l s ,  

t e s t  e lements  t h a t  have t h e  p o t e n t i a l  f o r  l o c a l  f a i l u r e  p o i n t s ,  such as 

weldments and bends). In t h e  p rocesses  of developing and extending t h e  

e n g i n e e r i n g  des ign  d a t a  b a s e  f o r  t h e s e  l e s s  t h a n  . " i d e a l "  c o n d i t i o n s ,  a l l  

exper iments  w i l l  be des igned and v e r i f i e d  by s ta te -o f - the -a r t  computer codes 

and models. As  noted p r e v i o u s l y ,  t h e s e  tests w i l l  apply  a n  a u x i l i a r y ,  

l o c a l i z e d  power d e n s i t y  t o  develop "hot-spot" c o n d i t i o n s  t h a t  w i l l  f o r c e  t h e  

k i n d s  of s t r u c t u r a l / c o o l a n t  i n t e r a c t i o n s  expected t o  occur  i n  a f u s i o n  

e n g i n e e r i n g  system, even under c o n d i t i o n s  of "normal" opera t ion .  

2. Program S t r u c t u r e .  The o r g a n i z a t i o n a l  s t r u c t u r e  t h a t  w i l l  be 

implemented a t  Los Alamos t o  a s s u r e  t h e  s u c c e s s f u l  e x e c u t i o n  of TPE-I h a s  been 

shown schemat ica l ly  i n  Attachement i l l .  Although t h e  TPE-I exper iments  p e r  s e  

w i l l  be  designed, o p e r a t e d  and analyzed p r i m a r i l y  by t h e  Advanced Heat-Transfer 

Group, 4-13, t h e  o v e r a l l  program w i l l  be advised and guided from t h e  fus ion  

technology/systems-studies group, CTR-12. A Los Alamos adv i sory  committee w i l l  

b e  formed t o  a s s u r e  t h e  f u s i o n  re levance  of TPE-I, t h i s  committee being 

comprised of e x p e r t s  i n  t h e  a r e a  of f u s i o n  technology/systems-studies, hea t  

t r a n s f e r ,  thermomechanical d e s i g n / a n a l y s i s  and m a t e r i a l s .  R o v i s i o n s  f o r  

op t imal  f a c i l i t y  usage and program growth w i l l  be  a s s u r e d  through t h e  TPE-I 

a d v i s o r y  committee, t h i s  committee r e p r e s e n t i n g  t h e  primary c o n t a c t  wi th  ANL 

through an a p p r o p r i a t e l y  appointed program manager. A .  shown on ~ t t a c h m e n t  #1, 



t h e  program manager would a i s o  be  r e s p o n s i b l e  f o r  o t h e r  FW/B/S TPE's, shou ld  

t h e y  come t o  Los Alamos. 

3. Program Schedule. A t  tachment # 3  g i v e s  a t e n t a t i v e  program schedu le  

f o r  TPE-I. A s  noted p r e v i o u s l y ,  t h e  unique,  high-power f a c i l i t y  coupled w i t h  

a n  exper ienced and d i v e r s e  s u p p o r t  s t a f f  promises a r a p i d  s t a r t  and a f l e x i b l e  

prograu.  A s  p r e s e n t l y  s t r u c t u r e d ,  t h e  fund ing  l e v e l  f o r  TPE-I i s  p e r s o n n e l  

l i m i t e d  r a t h e r  t h a n  f a c i l i t y  l i m i t e d ,  the reby  a s s u r i n g  a  s t r o n g  p o t e n t i a l  f o r  

r a p i d  and c n s t - e f f e c t i v e  growth i n  test p r o g ~ a u  output. 

B. RELEVANT EXPERTISE AND INTEGRATION WITH OTHER FUSION EFFORTS 

1. Fusion-Specif ic  Phvsics .  The i n t e g r a t i o n  of  p a s t  and deve lop ing  

f u s i o n - r e l e v a n t  p h y s i c s  i ,  c h a r a c t e r  and l e v e l  of h e a t  f l u x e s  and 

vo lumet r i c  s o u r c e s ,  f i r s t - w a l l  and first-wall-component c o n f i g u r a t i o n s ,  

t r a n s i e n t  responses)  w i l l  be a s s u r e d  through t h e  TPE-I a d v i s o r y  c n m i c t e a  by 

Group C T K - ~ ~ .  Group CTR-12 h a s  a  s t r o n g  background i n  a  wide range of f u s i o n  

technology and phys ics  i s s u e s ,  works w i t h  t h e  s u p p o r t  of a wide range of plasma 

p h y s i c s  e x p e r t s  wlehln  CTK-division, and h a s  worked w i t h  o t h e r  groups  on 

programmatic t a s k s .  

2. Relevant  engineer in^ and T e s t i n g  Exper ience .  Los Alamos p r o v i d e s  a 

. 'coordinated and exper ienced e n g i n e e r i n g  d e s i g n  team (Group WX-4) i n  ' t h e  Design 

Engineer ing D i v i s i o n ,  WX, t h a t  s p e c i a l i z e s  i n  b o t h  systems and component 

eng inee r ing .  For a l l  m a j o r , s c i e n t i f i c  p r o j e c t s  conducted i n  t h e  Labora to ry  t h e  

r e s p o n s i b i l i t i e s  of WX-Division i n c l u d e  t h e  p r o v i s i o n  of d i r e c t  feedback t o  

systems d e e i g n c r s ,  i n c l u d i u g  d e s i g n e r s  Of cnncaptrlnl. magnet ic  and i n c r t i a l  

f u s i o n  r e a c t o r s .  . Engineer ing p r o j e c t s  i n  which t h e  Design Eng ineer ing  D i v i s i o n  

has been a s s o c i a t e d  i n c l u d e  many I l rs t -of-a-kind systems t h a t  have advanced t h e  

s t a t e  of technology i n  l a s e r  f u s i o n ,  magnet ic  f u s i o n  and high-energy physics- 

Group WX-4, , s p e c i f i c a l l y ,  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  Weapons Neutron 

Research (WNR) f a c i l i t y ,  t h e  T o r o i d a l  Reversed-f i e l d  P inch  (ZT-40) exper iment ,  

t h e  H e l i o s  and A n t a r e s  C02-laser t e s t  f a c i l i t i e s  and t h e  Los  Alamos Meson 

P h y s i c s  F a c i l i t y  (LAMPF). Eng ineer ing  t e s t s  w i t h  r e l e v a n c e  t o  T P G I  t h a t  have 

been performed i n c l u d e  h e a t - t r a n s f e r  and t h e r y a l - s t r e s s  a n a l y s e s  of  magnets, 

f i r s t  w a l l s ,  t a r g e t s  and e n e r g e t i c p a r t i c l e - b e a m  dumps. Ehgineer ing d e s i g n  

p r o j e c t s  have inc luded  remote hand l ing  sys tems,  l a r g e  vacuum systems,  p r e c i s i o n  

t a r g e t  i n s e r t i o n / r e c o v e r y  mechanisms, p a r t i c l e  a c c e l e r a t i n g  c a v i t i e s ,  r f  power 

g e n e r a t o r s ,  magnet s t a n d s ,  a l ignment  f i x t u r e s  and b l a s t  conta inment  v e s s e l s -  



In projects that are directly applicable to TPE-I, heat-transfer, 

fluid-flow and structural analyses have been conducted in the course of 

conceptual design of fusion reactor first-walls and blanket systems for the 

following magnetic fusion reacLur coaccpts: Reference Theta-Pinch Reactor, 

Reversed-Field Pinch Reactor, Elmo Bumpy Torus Reactor, Linear Theta Pinch 

Reactor and the Tandem Mirrnr Reactor. Additionally, conceptual designs have 

been completed fir laser-driven inertially-conf ined fusion reactors, utilizing 
.. . 

both wetted and magnetically-protected first walis, and for the lni&ding Fast- 

Liner Reactor. References 1-6 give an example of past fusion-specific work 

performed by Group WX-4. The combination of analysis and design skills 

developed by Group WX-4 in these prior programs provide a unique basis of 

experience that is directly relatable to the tasks of developing, planning and 

executing TPE-I. 

Directly relatable testing experience has also been developed in the 

successful and timely completion of a "proof-of-principle" experiment for 

evaluation of programmed electron-beam heating as a means to simulate first- 

. wall thermal and mechanical environments.' This experience provides a basis 

for using electron-beam heating as a supplement to the aforementioned radiant . 
heat flux method proposed as the mainstay for 'the TPE-I experimental activity. 

Additionally, experience with large, high-current accelerators, such as LAMPF 

and the FMIT ion source, provides a strong background for evaluation and 

development of future, comprehensive first-wall simulations, including effects 

of ion-bombardment and plasma/wall interactions. Examples include a test 

facility presently being used to determine the effects of cyclic stress on 

metallic samples undergoing simultaneous 800-MeV proton irradiation (LAMPF) 

Test experience in the simulation of thermohydraulic effects in loss-of- 

coolant and loss-of-flow accident conditions for the gas-cooled fast reactor 

(GCFR) provides additional background at Los Alamos with relevance to TPE-I. 

This semi-scale test program was conducted by Group 4-13 over a four-year 

period and utilized resistance-heating simulations of nuclear heating in 

-appropriate fission-fuel arrays. The experience developed in high-power, 

electrical system control, hydraulic instrumentation and data processing, as 

well as with the test facilities themselves, are all directly applicable to 

TPE-I. These thermohydraulic/thermomechanical test facilities are described in 

Sec. C.3. 



Much of t h i s  t e s t i n g  exper ience ,  which h a s  been developed under c o n d i t i o n s  

t h a t  g e n e r a l l y  exceed i n  d i f f i c u l t y  t h o s e  a n t i c i p a t e d  f o r  TPE-I, o r i g i n a t e d  

w i t h  t h e  n u c l e a r  rocke t  program i n  t h e  1960's and has  cont inued s ince .  Hence, 

rhe Los Alamos team would b r i n g  t o  t h e  FW/B/S Tes t /Eva lua t ion  Program o v e r  20  

y e a r s  of t e s t i n g / e v a l u a t i o n  exper ience  t h a t  s t r o n g l y  emphasizes t h e  e n g i n e e r i n g  

d a t a - ~ A R P  Atvtlupuuub f o r  advaaeed-techuolugy sysrems. 

3. Relevant Ana lyr ic  model in^ Experience.  An e x t e n s i v e  background i n  

a n a l y t i c  modeling of thermomechanical and thermohydraul ic  responses  of advanced 

e n g i n e e r i n g  systems has  been developed a t  Los Alamos through p r i o r  f i s s i o n -  

r e a c t o r  s a f e t y  s t u d i e s  and high-energy p h y s i c s  r e s e a r c h  p r o j e c t s .  h r e  r e c e n t  

thermomechanical model development i n c l u d e s  a t r a n s i e n t  t h e r m o e l a s t i c  a n a l y s i s  

of t h e  g r a p h i t e  core-support  s t r u c t u r e  of t h e  High-Temperature Gas-Cooled 

Reac tor  (HTQR) Ll~at: has  been Subjected t o  a $evere  cool-down thermal  t r a n s i e n t  

f o l l o w i n g  a loss-of-f o r c e d - c i r c u l a t i o n  a c c i d e n t .  Another r e c e n t  s tudy i n  t h i s  

a r e a  analyzed t h e  t r a n s i e n t  response of a  s a p p h i r e  window used t o  view r e a c t o r  

c o r e  d i s r u p t i o n s  dur ing  t h e  a c c i d e n t  sequence; t h e  r e s u l t s  of t h i s  a n a l y s i s  

gave recommendations t h a t  when a p p l i e d  precluded window f a i l u r e  through the rmal  

shock. Low-stress f i n  des igns  f o r  high-performance ceramic h e a t  exchanges have . 
a l s o  r e s u l t e d  from a n a l y s i s  of t r a n s i e n t  t h e r m o e l a s t i c  s t r e s s e s ,  t h i s  a c t i v i t y  

a l s o  s e r v i n g  as a n o t h e r  example of an  a c t i v i t y  t h a t  is d i r e c t l y  r e l a t a b l e  t o  

t h e  a n a l y s i s  requirements  a n t i c i p a t e d  f o r  T P E I .  

Relevant a n a l y t i c a l  exper ience  a l s o  i n c l u d e s  t h e  c a l c u l a t i o n  of t h e  

t r a n s i e n t  response of f i s s i o n - r e a c t o r  p r e s s u r e  v e s s e l s  and containment t o  

p r e s s u r e  buildup.10 These a n a l y s e s  use  n o n l i n e a r  methods f o r  t h e  e s t i m a t e  of 

u l t i m a t e  s t r u c L u r a l  capabillcles. 'lhe c o r r e l a t i o n  of model p r e d i c t i o n s  wi th  

s u b s t a n t i a t i n g  exper iments  h a s  a l s o  been performed f o r  t h e  d e t e r m i n a t i o n  of 

b u c k l i n g  loads  of f i s s i o n  r e a c t o r  containment s t r u c t u r e s .  A n a l y t i c a l  

t e c h n i q u e s  f o r  t h e  p r e d i c t i o n  o f  c r e e p  have been i n c o r p o r a t e d  i n t o  e x i s t i n g  

computer codes and have been a p p l i e d  t o  a  wide range of l igh t -wate r  f i s s i o n  

r e a c t o r  s a f e t y  problems. Recent a n a l y t i c a l  t echn iques  have been developed t o  

d e s c r i b e  f l u i d / s  t r u c t u r a l / t h e r r n a l  i n t e r a c t i o n s l l  r e l a t e d  t o  loss-of-f low 

a c c i d e n t s  i n  t h e  GCFR and r e l e v a n t  t e s t  programs being conducted a t  Los Alamos- 

A number of t h e  f i n i t e - e l e m e n t  codes used t o  d e s c r i b e  t h e s e  problems could  b e ,  

o r  have been modified t o  i n c l u d e  e l e c t r o m a g n e t i c  f o r c e s  and o t h e r  r e l a t e d  

magnet ic  f i e l d  i n t e r a c t i o n s .  



Attachment # 4  g i v e s  a  p a r t i a l  l ist of computer programs p r e s e n t l y  used a t  

Los Alamos w i t h  a  h igh  p o t e n t i a l  f o r  a p p l i c a t i o n  t o  t h e  FW/S/S t e s t / e v o l u t i o n  

program: The SPAR, TSASS, ADINA, and ADINA-T computer programs a r e  of most 

i n t e r e s t  t o  TPE-I.  SPAR^* i s  a n  i n t e r a c t i v e / b a t c h  computer code u s e d - p r i m a r i l y  

f o r  performing s t r e s s ,  buck l ing  and v i b r a t i o n a l  a n a l y s e s  of l i n e a r  f i n i t e -  

element geometr ies .  S p a r s e  m a t r i x  s o l u t i o n  methods p rov ide  a l a r g e - s i z e  

c a p a c i t y  ( >  2000 degrees  of freedom),  and a  s o p h i s t i c a t e d  daLa hand l ing  r o u t j n e  

and a r i t h m e t i c  u t i l i t y  sys tem makes t h e  SPAR code  e s p e c i a l l y  u s e f u l  f o r  t h e  

manipu la t ion  of  l a r g e  d a t a  b locks .  It is expected t h a t  t h i s  code system would 

b e  used e x t e n s i v e l y  i n  t h e  TPE-I d e s i g n  and d a t a  a n a l y s i s  a c t i v i t i e s .  

The TSAAS c o d e l 3 - i s  a  two-dimensional f in i t e -e lement  computer program t h a t  

i s  capab le  of performing both  s t e a d y - s t a t e  and t r a n s i e n t  t h e r m o e l a s t i c  a n a l y s e s  

o f  mul t i -ma te r i a l  systems.  TSAAS i s  used f o r  determining t empera tu res ,  

d i sp lacements  and s t r e s s e s  i n  complex solid-body c o n f i g u r a t i o n s  wi th  

o r t h o t r o p i c ,  temperature-dependent m a t e r i a l  p r o p e r t i e s .  Non-linear mechanical  

b e h a v i o r ,  a s  i s  t y p i f i e d  by p l a s t i c ,  lock ing ,  t e n s i o n l e s s ,  o r  c reep ing  

m a t e r i a l s  can be approximated. Because of i t s  conc i seness  and coding 

s i m p l i c i t y ,  TSAAS i s  e s p e c i a l l y  a p p r o p r i a t e  f o r  developing new m a t e r i a l s  models 

and f o r  t h i s  r eason  would be a  mains tay a n a l y t i c  t o o l  f o r  TPE-I. The 

c o n c i s e n e s s  of TSAAS a l s o  l e n d s  t h i s  code t o  ready u s e  a s  a rea l - t ime  p r e d i c t o r  

i n  connect ion wi th  t h e  exper imenta l  t e s t  program. TSAAS h a s  been a p p l i e d  t o  

examine t h e  t r a n s i e n t  response  of complex, p u l s e  magnets i n  connect ion wi th  t h e  

d e s i g n  of f u s i o n  dev ices .  l 4  

ADINAT i s  a  f i n i t e - e l e m e n t  computer code lS  des igned f o r  l i n e a r  and 

n o n l i n e a r  s t e a d y - s t a t e  and t r a n s i e n t  a n a l y s i s  of h e a t - t r a n s f e r  and o t h e r  f i e l d  

problems. ' h e a t i n g  conduc t ion ,  convec t ion  and r a d i a t i o n  i n  t h r e e  dimensions,  

ADINAT s t o r e s  temperature  f i e l d s  i n  a  format  t h a t  is  e a s i l y  r ead  by t h e  s i s t e r  

s t r e s s  code,  ADINA.  S e v e r a l  l i n e a r  and n o n l i n e a r  conduct ion models a r e  

a v a i l a b l e .  Temperature-dependent convect ion c o e f f i c i e n t s  and e m i s s i v i t i e s  can 

be  used. Aniso t rop ies  i n  conduct ion p r o p e r t i e s  can be t r e a t e d  a s  o r t h o t r o p i c  

c o n s t a n t  c o n d u c t i v i t i e s .  ADINA i s  a  . f in i t e -e lement  computer code16 f o r  l i n e a r  

and n o n l i n e a r ,  s t a t i c  and dynamic a n a l y s i s  of s t r u c t u r e s .  It can be used t o  

perform displacement  and s t r e s s  a n a l y s i s  of s o l i d s ,  s t r u c t u r e d  systems,  and 

f l u i d - s t r u c t u r e  systems.  The f i n i t e e l e m e n t  l i b r a r y  i n c l u d e s  a wide v a r i e t y  of 

e l ements  ranging from a  three-dimensional  t r u s s  t o  a  three-dimensional  s o l i d  

e lement .  S e v e r a l  m a t e r i a l  models a r e  a v a i l a b l e .  The more important  models f o r  



u s e  i n  t h e  f i r s t - w a l l  s t u d i e s  i n c l u d e  a n  i s o t r o p i c  t h e r m o e l a s t i c  model and o 

c u r v e  d e s c r i p t i o n  model wi th  t e n s i o n  c u t o f f  ( c rack ing) .  ADINA is des igned  t o  

a c c e p t  d a t a  from t h e  companion h e a t - ~ r a n s f e r  code ADINAT. 

In o r d e r  t o  t a k e  f u l l  advantage of t h e s e  l a r g e  f in i t e -e lement  computer 

codes  a number of p re -  and pos t -p rocessors  are a v a i l a b l e .  The pre-processors  

t y p i c a l l y  a r e  used f o r  a u t o m a t i c a l l y  g e n e r a t i n 6  meehce and l o a d s  from a miniuum 

of i n p u t  informat ion.  To manipula te  and a n a l y z e  t h e  l a r g e  q u a n t i t i e s  of d a t a  

i genera ted  by t h e s e  codes,  p a r t i c u l a r l y  f o r  t r a n s i e n t  a n a l y s e s ,  t h e  post- 

processurs p r e s e a t  d a t a  i n  a number df fo rmats  rang ing  from s imple  l i n e  p l o t s  

t o  colored mnviou.  Cbqlcx use of t h e s e  pre- and  pos t -p rocessors  w i l l  be  of 

p a r t i c u l a r  v a l u e  i n  t h e  thermomechanical a n a l y s e s  a n t i c i p a t e d  f o r  t h e  FW/B/S 

t e s t / e v a l u a t i o n  program. 

C.  TEST PROGRAM DESCRIPTION AND CHARACTERISTICS TO BE EVALUATED BY TPE-I 

(PHASE I )  

1. D e f i n i t i o n  of T e s t  Ehvironment. The test environment f o r  TPFiI w i l l  

as a minimum meet t h e  g e n e r a l  g u i d e l i n e s  g iven  i n  t h e  DOE/Office of Fusion 

Energy F i r s  t -Wal l /Blanket /Shie ld  ~ n g i n e e r i n g  T e s t  Program P l a n  and summarized 

i n  Secs.  1.B and I . C .  The o p e r a t i n g  environment w i l l  be vacuum o r  low-pressure . 
(few mtor r )  hydrogen, and t h e  primary h e a t e r  w i l l  be  c o n t r o l l a b l e  r a d i a n t  

e lements  o p e r a t i n g  a t  a t o t a l  s t e a d y - s t a t e  power of a few megawatts. T y p i c a l  

o p e r a t i o n a l  t e s t  parameters  w i l l  be: . 

s t e a d y - s t a t e  s u r f a c e  h e a t  f l u x  : 1-2 M W / ~ *  

pulsed o r  concen t ra ted  h e a t  f l w e s :  10-20 Mw/rn2 

s high1.y-concentrated and destructive h e a t  f l u x e s  : > 100 Mw/m2 

t y p i c a l  t e s t  sample s i z e  ; 0.1-1.0 q2 

t y p i c a l  s t e a d y - s t a t e  o p e r a t i n g  temperatures :  : 500-800 K 

c o o l a n t s  : water  o r  helium gas, both  p ressur ized .  

2. T e s t  Element S e l e c t i o n .  A t y p i c a l  test element w i l l  be  0.1-1.0 m2 i n  

a r e a  and w i l l  be formed from pane l  . c o i l s ,  t u b e  a r r a y s  o r  s l o t t e d  monol i ths  

The f a b r i c a t i o n ,  shapes ,  appendages, weldments, f a s t e n e r s ,  and m a t e r i a l s  w i l l  

b e  s e l e c t e d  and arranged t o  be p r o t o t y p i c a l  of a range  of f u s i o n  r e a c t o r  

f i r s t - w a l l  concepts .  Both coa ted  and uncoated s t a i n l e s s  s t e e l  w i l l  be used 

p r i m a r i l y ,  a l though  a wide range of m a t e r i a l s  w i l l  be  used under c o n d i t i o n s  of 

h i g h  s t e a d y - s t a t e  and pu l sed  h e a t  f l w e s  t o  s i m u l a t e  t h e  high-performance 

responses  of s p e c i a l  f i r s t - w a l l  components (e.g., l i m i t e r s ,  p r o t e c t i v e  armor). 

I n  l a t e r  phases  of T P G I ,  f i r s t - w a l l  d u c t s  and p e n e t r a t i o n s  w i l l  b e  f a b r i c a t e d  
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i n t o  t h e  l a r g e r '  t e s t  i t ems  i n  o r d e r  t o  examine s p e c i a l  c o o l i n g  problems t h a t  

may be encountered i n  and around nonaxisymmetric f i x t u r e s  r e l a t e d  t o  t h e  f i r s t  

w a l l ,  i n c l u d i n g  e l e c t r i c a l  i n s u l a t o r s .  I o c a l ,  nonsymmetric . .  . , h e a t i n g  . w i l l  . be 

a p p l i e d  t o  t h e s e  f i r s t - w a l l  r e g i o n s  by electron-beam h e a t e r s  ( s u r f a c e  f l u x )  o r  

l o c a l  j o u l e  h e a t e r s  ( b u l k  h e a t i n g ) .  

3. T e s t  F a c i l i t y  Development 

a. Summary of Requiremenes. 'De f a c i l i t y  r ~ q ~ l i r e m e n t s  f o r  accomplishment 

o f  t h e  t e s t  o b j e c t i v e s  of TPE-I (Phase  I )  as a minimum c o n s i s t s  of a vacuum t e s t  

e n c l o s u r e  capab le  of c o n t a i n i n g  a > 0.1 m2  a r e a  f i r s t - w a l l  t e s t  w i t h  a s s o c i a t e d  

i n s t r u m e n t a t i o n ,  h e a t i n g  and c o o l i n g  sys tems,  approximate ly  2 MU of  power 

s u p p l y  f o r  t h e  h e a t i n g  system, a n  e q u a l  crioling c a p a c i t y  f o r  wa te r  o r  helium 

c o o l a n t  loops ,  and s u p p o r t  f a c i l i t i e s  f o r  test se t -up and o p e r a t i o n .  In 

a d d i t i o n ,  p r o v i s i o n  must b e  made t o  modify t h e  b a s i c  test f a c i l i t y  i n  o r d e r  t o  

t e s t  s m a l l e r  f i r s t - w a l l  s i z e s  a t  h i g h e r  power d e n s i t i e s .  F u l f i l l m e n t  of t h e  

Phase  I program w i t h i n  t h e  proposed schedu le  w i l l  r e q u i r e  u s e  of a n  e x i s t i n g  

t e s t  f a c i l i t y ,  s i n c e  t h e  c o n s t r u c t i o n  of  a  new f a c i l i t y  would no t  b e  p o s s i b l e  

w i t h i n  temporal  and monetary c o n s t r a i n t s  imposed. C o n t r o l  sys tems f o r  h e a t i n g  

and c o o l i n g  of  t h e  f i r s t - w a l l  t e s t  should  a l l o w  t h e  impos i t ion  of  programmed . 
t h e r m a l  f l u x  shapes  on t h e  t e s t  a r r a y .  Automatic programming of t h e  thermal  

sys tems should  p rov ide  t h e  c a p a b i l i t y  f o r  c y c l i c  f a t i g u e  t e s t i n g  of f i r s t - w a l l  

m a t e r i a l s  and components. High-speed au tomat ic  d a t a  r e c o r d i n g  and on-l ine d a t a  

a n a l y s i s  i s  d e s i r a b l e  f o r  more a c c u r a t e  c o r r e l a t i o n  w i t h  a n a l y t i c  model 

p r e d i c t i o n s  and t h e  f a i l u r e  a n a l y s i s .  'Ihese f a c i l i t y  requirements  and 

d e s i r a b l e  f e a t u r e s  a r e  summarized below: 

Minimal Requirements . - 

- > 0.1-111~ f i r s t - w a l l  t e s t  a r e a  

- > 104W/m2 peak thermal  l o a d i n g  

- vacuum o r  low-pressure (few mtor r )  hydrogen environment 

- t empera tu re ,  hea t - f lux ,  s t r e s s - d e f l e c t i o n  i n s t r u m e n t a t i o n  

- l i q u i d  (H20) c o o l i n g  system f o r  f i r s t - w a l l  t e s t  p a n e l s  

- u s e  of e x i s t i n g  f a c i l i t y .  

D e s i r a b l e  C h a r a ~ t e r i s t i c s  

- - 1 0 0 4 ~ / m ~  thermal  l o a d i n g  f o r  t r a n s i e n t s  
I - g a s  o r  l iqu id -meta l  c o o l i n g  c a p a b i l i t y  

- on- l ine  d a t a  r educ t ion .  



b. Review of E x i s t i n n  F a c i l i t y .  LASL o f f e r s  a combination of  exis ' t i .ng 

f a c t l i t i e s  a t  one of i t s  T e c h n i c a l  Areas  (TA-46) t h a t  p r o v i d e s  f o r  exper imenta l '  

h e a t - t r a n s f e r ,  t h e r m o d y n a m i , ~ ~  and f luid-f low s t u d . i e s  f o r  t h e  thermohydraul ic  

and thermomechanical f i r s t - w a l l  t e s t  programs. The f a c i l i t i e s ,  o r i g i n a l l y  

developed a s  p a r t  of t h e  n u c l e a r  r o c k e t  program, have 'most  r e c e n t l y  been used 

t o  perform loss-of-coolant  and loss-of-flow t e s t s  of gas-cooled f n a t - f i s s i o n  

r e a c t o r  components. 

These f a c i l i t i e s  a r e  d e s c r i b e d  on Attachment # 5  and  i n c l u d e  f o u r  t e s t  

c e l l s ,  a 40- f t - t a l l ,  high-bay, a 2.5-MW (dc )  power s u p p l y ,  a 500-kW d c  power 

s u p p l y ,  a  d u a l  Hewlet t  Packard d a t a  a c q u i s i t i o n  system, p r e s s u r e  and vacuum 

v e s s e l s  s u i t a b l e  f o r  c o n t r o l l e d  environment tests, a u x i l i a r y  b u i l d i n g s  and 

equipment necessa ry  f o r  t e s t  suppor t .  The t o t a l  power supp ly  t o  t h e  test a r e a  

i s  about  8  MW. A  modern d i g i t a l  d a t a  a c q u i s i t i o n  sys tem e x i s t s  a t  t h e  

f a c i l i t y .  This system and i t s  i n s t r u m e n t s  p r c e e n t l y  I n c l u d e  two Hewlett-  

Packard 3 0 5 2  d a t a  a c q u i s i t i o n  systems comprising:  

a Two HP 9825 c a l c u l a t o r s  (64 k b y t e s  of memory each)  

a 210 channe l  c a p a c i t y  

Two f u l l  width l i n e  p r i n t e r s  
* 

a A four -co lo r  p l o t t e r  

0 Three  f l e x i b l e  d i s k  d r i v e s  (0.5 Mbytes p e r  d i s k )  

0 Two s i x - d i g i t - r e s o l u t i o n  v o l t m e t e r s  

o One HP 5992 g a s  chromatograph/mass s p e c t r o m e t e r  

a A l a s e r  dopp le r  v e l o c i m e t e r  

A hot-wirc anemmete r  

Two 75 channe l  chrome1 a lumel  thermocouple r e f e r e n r ~  junc t iono .  

K e t e r r i n g  t o  A t t a ~ l l m e n ~  # 5 ,  t h i s  t e s t  c e l l  i s  l o c a t e d  a t  T e c h n i c a l  Area 46 

(TA-46). The TA-46 t e s t - c e l l  complex c o q r i o c o  two u d l n  b u i l d i n g s  connected by 

a n  underground tunnel .  h e  b u i l d i n g  houses t h e  2.5-MW d c  power supp ly ,  w h i l e  

t h e  second b u i l d i n g  c o n t a i n s  f o u r  t e s t  c e l l s ,  a high-bay a d d i t i o n ,  and t h r e e  

c o n t r o l  rooms. A connec t ing  t u n n e l  c o n t a i n s  busbars  t h a t  connect  by means of 

a n  automated dc-power d i s t r i b u t i o n  system t h e  test c e l l s  t o  t h e  2.5-MW d c  power 

supp ly .  O f f i c e  space  and a  t e s t  p r e p a r a t i o n  a r e a  a r e  l o c a t e d  a d j a c e n t  t o  t h i s  

f a c i l i t y ,  a s  i s  i n d i c a t e d  i n  Attachment 1 5 ,  which p r o v i d e s  a complete l i s t  of 

t h e  s i t e  b u i l d i n g s .  



The t e s t -ce l l / con t ro l - room b u i l d i n g  h a s  a  nominal  wid th  of 2 0  f t ,  and 

p r o v i d e s  c e l l s  of v a r y i n g  s i z e s .  T e s t  C e l l ' # l  (15'  x 40') i s  t h e  l a r g e s t  of 

t h e  a v a i l a b l e  c e l l s  and h a s  a n  opening d i r e c t l y  i n t o  t h e  high-bay add i t ion .  

T e s t  Cel l  $2 (20; x 15') h a s  d i r e c t  v i s u a l  a c c e s s  t o  C o n t r o l  Room #2 

(20' x 42'). The remaining c o n t r o l  rooms (#I-20' x 22' a n d ,  #3-20' x 27', 

r e s p e c t i v e l y )  a l s o  have v i s u a l  c o n t a c t  w i t h  t h e i r  a d j o i n i n g  t e s t  c e l l s .  

Each of t h e  f o u r  , t e s t  c e l l s  h a s  .two p a r a l l e l  r c i n f o r c s d  c o n c r e t e  w a l l s  

(10" t h i c k )  w i t h  minimum c e i l i n g  h e i g h t s  of 10 f t .  The high-bay , a d d i t i o n  

(15'7" x 12'4") a d j o i n i n g  T e s t  C e l l  # I  i s  a 40-f t - t a l l  s t r u c t u r e  w i t h  ca twalks  

a t  10- f t  increments .  T h i s  bay h a s  a removable r o o f ,  a 1 0  t o n  overhead c r a n e  a  

h a l f - t o n  c rane  and 1 8 - f t - t a l l  doors  t h a c  a l l o w  f o r  e a s y  access t o  l a r g e  

equipment and exper imenta l  s e t u p s .  

A l l  test c e l l s  a r e  s e r v e d  w i t h  n a t u r a l  g a s ,  wa te r ,  compressed a i r ,  and a c  

e l e c t r i c  power. A  h igh-pressure  . g a s  d i s t r i b u t i o n  sys tem can s imul taneous ly  

s u p p l y  t h r e e  d i f f e r e n t  g a s e s  t o  each t e s t  c e l l  from tube  t r a i l e r s  through two 

1-in. s t a i n l e s s - s t e e l - l i n e d  mains (25 MPa c a p a c i t y )  and a 1-in. s t a i n l e s s - s t e e l  

s e r v i c e  drop (16.5 MPa). R e c i r c u l a t i n g  c o o l i n g  w a t e r  is d i s t r i b u t e d  t o  t h e  

t e s t  c e l l s  by 8" mains over  t h e  b u i l d i n g  l e n g t h .  . 
The dc  power supply  c o n s i s t s  of two 1.4-MW synchronous motors ,  each 

d r i v i n g  two 0.6254W d c  g e n e r a t o r s .  The g e n e r a t o r s  a r e  each r a t e d  a t  7 5  V and 

8333 A.  The g e n e r a t o r s  can be  o p e r a t e d  e i t h e r  i n  p a r a l l e l  o r  i n  s e r i e s  

combinat ions ,  p rov id ing  75  V, 150 V, and 300  V a t  33.3 kA, 16.7 kA, and 8.3 kA, 

r e s p e c t i v e l y .  A  12-kA c i r c u i t  b r e a k e r  p r o t e c t s  each l e g  of each g e n e r a t o r  

c i r c u i t ,  r e s u l t i n g  i n  a  t o t a l  of e i g h t  b reakers .  One of t h e  motor /genera tor  

s e t s  h a s  been modified t o  permit  t h e  s e r i e s  o p e r a t i o n  of i t s  g e n e r a t o r s  a t  a  

combined p o t e n t i a l  of 175 V. 

Power i s  s u p p l i e d  t o  t h e  c e l l s  through a n  underground t u n n e l  ex tend ing  t h e  

l e n g t h  of t h e  t e s t - c e l l  bu i ld ing .  Aluminum b u s b a r s ,  cooled by n a t u r a l  

convec t ion  and wi th  a  maximum con t inuous  du ty  r a t i n g  of 1 6  kA, d i s t r i b u t e  power 

. v i a  - copper r i s e r s  i n . e a c h  of f o u r  t e s t  c e l l s .  Water-cooled power c a b l e s ,  r a t e d  

a t  20-liA c a p a c i t y ,  p rov ide  power t o  t h e  high-bay a d d i t i o n .  

A s e p a r a t e  500-kW dc-power supp ly ,  r a t e d  a t  2000 A and 250 V, is housed i n  

t h e  a r e a .  ' Ihis  g e n e r a t o r  d i s t r i b u t e s  power, d i r e c t l y  t o  t h e  high-bay a d d i t i o n  

by a  p r o t e c t e d  copper c a b l i n g  system. Two p o r t a b l e  d c p o w e r  s u p p l i e s ,  r a t e d  a t  

150 A and 6 4  V, a r e  a l s o  a v a i l a b l e .  



C e n t r a l  c o n t r o l  of t h e  2.5-UW d c  supply is l o c a t e d  i n  Cont ro l  Room 1 2 ,  b u t  

remote c o n t r o l  can be d e l e g a t e d  t o  any of t h e  t h r e e  conl:rol  rooms. Remote 

programming f o r  a l l  of t h e  e x i s t i n g  power s u p p l i e s  can be accomplished through 

t h e  Hewlett-Packard d a t a  c o n t r o l l e r  i n  T e s t  C e l l  #2. 

Experimental  i n s t r u m e n t a t i o n  is c e n t r a l l y  c o n t r o l l e d  by a d u a l  Bewlctt-  

Yackard d a t a  a c q u i s i t i o n  sys tem i n  T e s t  C e l l  #2. Two HP-9825 c a l c u l a t o r s  

f (64  k b y t e  memory each) c o n t r o l  d a t a  a c q u i s i t i o n  and p rov ide  f o r  t h e  remdte ' .  

regulatfnn of power s u p p l l e s  and exper imenta l  d e v i c e s  i n  t h e  f o u r  test  c e l l s .  

The data system i n c l u d c s  turn vulLmeteru with G-1/2 d i g i r  r e s o l u t i o n  and d a t a  

scann ing  r a t e s  of approximately  20 r e a d i n g s  p e r  second, and a  t h i r d  v o l t m e t e r  

capab le  of hand l ing  about  4500 b u r s t  r ead ings  p e r  second on one channel w i t h  

3-112 d 4 g i t  r e s o l u t i o n .  A l l  d a t a  c o l l e c t e d  can  be s t o r e d  on any of t h r e e  

f l e x i b l e - d r i v e  d i s k  systems. Two p r i n t e r s ,  a p l o t t e r  and s t r i p  c h a r t  r e c o r d e r s  

p r ~ v i d e  on-line in format ion  d i s p l a y .  

Measurements of temperature ,  p r e s s u r e ,  mass f low,  and power can be made 

w i t h  e x i s t i n g  i n s t r u m e n t a t i o n  a t  v a r i o u s  accuracy l e v e l s .  Highly s p e c i a l i z e d  

i n s t r u m e n t s ,  such a s  a  15-W He-Ne l a s e r  dopple r  ve loc imet ry  system, a  

t emperature-compensated , hot-wire anemometry s y s  tem, and a gas  

chromatograph/mass spec t romete r  complement t h e  e x t e n s i v e ,  b a s i c  i n s t r u m e n t a t i o n  

a v a i l a b l e  a t  t h e  f a c i l i t y .  

The s i te  prov ides  a number of e x i s t i n g  vacuum and p r e s s u r e  v e s s e l s  t h a t  

c a n  be used i n  t h e  proposed t e s t  program. The p r i n c i p l e  chamber planned f o r  

use i n  T P C I  (Phase I)  i s  a l s o  shown i n  Attachment 1 5 .  This vacuum chamber 

p rov ides  a useab le  t e s t  s p a c e  of approximately  2-m i n  dfamnter and 2.5-m i n  

l e n g t h ,  r e s u l t i n g  i n  a  u s e a b l e  volume of - 8 m3. Ful l -diameter  access  i s  

a v a i l a b l e  f o r  test pane l  3 .ns ta l l a t ion .  Four p o r t s  are provided f o r  t e s t  
1 o b s e r v a t i o n ,  i n s t r u m e n t a t i o n  o r  o t h e r  purposes.  Th i s  chamber is f i t t e d  wi th  a  

high-speed ,pumping system i n c l u d i n g  mechanical  roughing pumps, turbomolecular 

pumps and sub l imat ion  pumps. E l e c t r i c a l  power and c o o l a n t  feedthroughs a r e  

a v a i l a b l e  in .  a  f i x e d  end-flange. The main s h e l l  of  t h e  chamber, excluding t h e  

end-flange ho ld ing  t h e  pumping system and feed throushs ,  can be moved on r a i l s  

t o  permit  u n r e s t r i c t e d  a c c e s s  t o  t h e  f i r s t - w a l l  test. 

Other  test chambers a r e  a v a i l a b l e  a t  t h e  s i t e  and may be  adapted a s  

r e q u i r e d  f o r  use  i n  TPE-I exper iments .  The l a r g e s t  chamber a v a i l a b l e  is  

l o c a t e d  i n  t h e  high-bay a d d i t i o n  and is 192" t a l l  by 30.6" diameter.  Zhis  



v e s s e l  has  numerous p o r t s  s u i t a b l e  f o r  i n s t r u m e n t a t i o n  as w e l l  as g a s  and water  

f low. 

A shop, t h a t  i.s complete w i t h  l a t h e ,  m i l l ,  band saw; c u t o f f  saws, d r i l l  

p r e s s ,  u l t r a - s o n i c  c l e a n e r s ,  and oxy-acetelene,  - TIG and  o t h e r  arc-welding 

equipment is a v a i l a b l e  f o r  test assembly prepai-a t ion i n  Bui ldfng WA-77. 

(Attachment #5). A remotely  programmable, c y l i n d r i c a l  g r i n d e r  s u i t a b l e  f o r  

con tour ing  g t a p h l t e  h e a t e r  rodo i s  s i t t i a t e d  i n  %st C e l l  #3. The s i t e  a l s o  

s u p p o r t s  a s m a l l  machine shop, a s m a l l  o f f i c e ,  a l a v a t o r y  and l o c k e r  room, and 

a n  equipment room t h a t  houses t h e  main a i r  compressor f o r  t h e  e n t i r e  f a c i l i t y .  

The test f a c i l i t i e s  were e s t a b l i s h e d  f o r  h e a t  t r a n s f e r ,  thermodynamic and 

f l u i d - f l o w  exper imenta l  work and, t h e r e f o r e ,  w i l l  r e q u i r e  minimal modi f i ca t ion  

f o r  u s e  i n  t h e  T P G I  t e s t  program. 

c. F a c i l i t y  Modif icat ions .  No fundamental  m o d i f i c a t i o n  of t h e  e x i s t i n g  

t e s t  f a c i l i t i e s  w i l l  be necessa ry  f o r  t h e  T P G I ( P h a s e  I) test  program. The 

a d d i t i o n  of r a d i a n t  h e a t e r  p a n e l s  t o  t h e  vacuum e n c l o s u r e  desc r ibed  i n  

S'ec. II.C.3.c. w i l l  enab le  t e s t i n g  of 0 . 1 q 2  samples a t  thermal  f l u x  l e v e l s  of 

1-2 My/m2 e a r l y  i n  t h e  program. The e x t e n s i v e  i n s t r u m e n t a t i o n  and d a t a  

r e d u c t i o n  c a p a b i l i t y  i n  e x i s t e n c e  and o p e r a t i o n a l  at  t h e  t e s t  s i t e  w i l l  a l s o  . 
s e r v e  t o  e x p e d i t e  t h e  f i r s t  t e s t s .  Use of t h i s  e x i s t i n g  f a c i l i t y  w i l l  permit  

t h e  conduct of b a s i c  f i r s t - w a l l  t e s t s  w e l l  w i t h i n  t h e  f i r s t  y e a r  of t h e  program 

w h i l e  . t h e  p a r a l l e l  development of a d d i t i o n a l  c a p a b i l i t y  is  proceeding. 

Modi f ica t ions  considered f o r  development w i l l  i n c l u d e  t h e  a d d i t i o n  of a  

high-energy-density heat- f lux s o u r c e  f o r  t r a n s i e n t  t e s t i n g  a t  l o c a l i z e d  

thermal-f lux  l e v e l s  up t o  100  Mw/rn2.  Zhe method f o r  implementation of t h e s e  

pulsed-power l e v e l s  w i l l  be determined by i n i t i a l  (Phase 0 )  program s t u d i e s .  

Candidate  sources  f o r  e v a l u a t i o n  w i l l  i n c l u d e  electron-beam o r  i n d u c t i v e  

( J o u l e )  h e a t i n g  genera to rs .  

The e x i s t e n c e  of f o u r  s e p a r a t e  t e s t  c e l l s  wi th  shared  i n s t r u m e n t a t i o n  and 

c o n t r o l ,  combined w i t h  t h e  e l e c t r i c a l  power s u p p l i e s  and l iqu id -  and 

gas-coolant  d i s t r i b u t i o n  systems a t  t h e  proposed t e s t .  f a c i l i t y ,  p r o v i d e .  t h e  

b a s i s  f o r  cons iderab le  test-program growth a t  a  common site. 

4. Ana ly t i c  Model Development. Based on an  i n i t i a l ,  conceptual  

d e f i n i t i o n  of each FW/B/S t e s t  item, a p r e l i m i n a r y  s t r e s s  and thermal  a n a l y s i s  

w i l l  be performed u s i n g  a s imple  f in i t e -e lement  model f o r  r e s o l u t i o n  of 

c o n f i g u r a t i o n  d e t a i l s .  Th i s  a n a l y s i s  w i l l  s e r v e  t o  i d e n t i f y  a r e a s  of .des ign 

r e q u i r i n g  major modi f i ca t ion  o r  improvement. h c e  t h e  f i n a l  test conf igura t ion  



i s  def ined,  a  d e t a i l e d  three-dimensional,  thermomechanical f i n i t e - e l e m e n t  model 

w i l l  be  developed. Ii r e q u i r e d  f o r  s p e c i f i c  m a t e r i a l s  o r  m a t e r i a l  i n t e r f a c e s  

new code f e a t u r e s  w i l l  be developed u s i n g  as a b a s i s  one o f  t h e  p r e s e n t l y  

o p e r a t i n g  codes (e.g., ADINA). 

The three-dimensional model w i l l  be  used t o  de te rmine  t h e  k i n d  and 

l o c a t i o n  of ins t rumenta t ion  f o r  t h e  t e s t s  based on p r e d i c t e d  temperature-t ime 

h i s t o r y ,  s t r e s s e s ,  and d e f l e c t i o n s .  These i n i t i a l  p r e d i c t i o n s  w i l l  be  v e r i f i e d  

by d a t a  c o r r e l a t i o n  from e a r l y  t e s t s ,  and ad jus tments  t o  both  t h e  model and the 

t e s t  se t -up w i l l  be made a s  necessary .  Th is  c o r r e l a t i o n  of p r e d i c t i v e  a n a l y s i s  

w i t h  t e c t  data w i l l  be a major o b j e c t i v e  of t h e  test program. Once optimum 

ins t rument  l o c a t i v ~ l s  are e s t a b l i s h e d ,  test parameters  w i l l  be v a r i e d  w i t h  t h e  

major g o a l  being t h e  c o r r e l a t i o n  and upgrading of t h e  model and t h e  reviewing 

and r e v i s i n g  of t h e  test c o n f i g u r a t i o n  a f t e r  each opera t ion .  Long-term 

a n a l y t i c  development nccds w i l l  be determined and s p e c i a l  emphasis p laced  on 

o b t a i n i n g  p roper  d a t a  t o  benchmark' t h e s e  developments. 

5. Ins t rumenta t ion  Development. A wide range of t r a n s d u c e r s  is a v a i l a b l e  

t o  monitor both  s t e a d y - s t a t e  and t r a n s i e n t  responses .  Zhese t empera tu re ,  

s t r e s s  and d e f l e c t i o n  t r a n s d u c e r s  w i l l  be  used i n  c o n j u n c t i o n  wi th  a f u l l y -  . 
a u t o m a t i c  d a t a  a c q u i s i t i o n  system t o  g i v e  a t ime/space reso lved  d a t a  a r r a y  f o r  

a g iven f i r s t - w a l l  coi l f iguracion t h a t  i n  t u r n  can be  compared w i t h  an  

a p p r o p r i a t e  computer s i m u l a t i o n ( s ) .  

a. Transducer Selection. .  Development of i n s t r u m e n t a t i o n  f o r  t h e  TPE-I 

t e s t  program w i l l  be d i r e c t e d  towards t h r e e  o b j e c t i v e s .  The f i r s t  o b j e c t i v e  i s  

t h e  a c q u . i s i t i o n  of eng ineer ing  d a t a  from t h e  tests f o r  u s e  i n  m a t e r i a l  and 

d e s i g n  ' eva lua t ion .  A second and e q u a l l y  important  g o a l  is  t h e  v e r i f i c a t i o n  of 

a n a l y t i c  p r e d i c t i o n s  of t empera tu res ,  s t r e s s e s ,  and h e a t  f low i n  o r d e r  t o  

develop conf idence i n  t h e  a n a l y t i c  t o o l s  t o  be used i n  ETF/FED and  p r o t o t y p e  

f u s i o n  r e a c t o r  des igns .  A t h i r d  o b j e c t i v e  i s  t h e  development of 

i n s t r u m e n t a t i o n  techniques  capab le  of be ing  used f o r  f a c i l i t y  moni to r ing  and 

d i a g n o s t i c s  i n  a  p r o t o t y p e  f a c i l i t y .  T h i s  l a t t e r  purpose  n e c e s s i t a t e s  t h e  

c o n s i d e r a t i o n  of environmental  e f f e c t s  which may n o t  be p r e s e n t  i n  t h e  a c t u a l  

TPE-I t e s t s ,  (e.g., h igh neu t ron  f l u e n c e s  and magnetic f i e l d s ) . .  For t h i s  

r eason  t h e  fo l lowing  d i s c u s s i o n  of i n s t r u m e n t a t i o n  c o n s i d e r a t i o n s  f o r  t h e  TPf2-I 

t e s t  program concerns i t s e l f  w i t h  p r o t o t y p i c a l  environments.  



t empera tu re ,  p r e s s u r e ,  s t r a i n ,  d i sp lacement ,  v e l o c i t y ,  and a c c e l e r a t i o n .  h 

a d d i t i o n  f low parameters  f o r  t h e  c o o l i n g  system must be  measured. A s  the  

I phenomena t o  b e  measured g e n e r a l l y  w i l l  'be t r a n s i e n t  and w i l l  be  recorded 

remote ly ,  t r a n s d u c e r s  t h a t  conver t  t h e  p h y s i c a l  , q u a n t i t y  of i n t e r e s t  t o  an 

e l e c t r i c a l  s i g n a l  w i l l  b e  necessary .  Numerqu~ e l e c  t c i c a l  t r a n s d u c e r s  a r e  

a v a i l a b l e  f o r  t h e  measurement of each of t h e  ~ h y s i c a l  pa ramete r s  l i s t e d *  

Because of t h e  s e v e r e  environments encountered i n -  t h i s  usage,  however, 

s e l e c t i o n  of a p p r o p r i a t e  t r a n s d u c e r s  w i l l  be  c r i t i c a l  f o r  longer-term 

a p p l i c a t i o n s .  

It is a n t i c i p a t e d  t h a t  p r e l i m i n a r y  t t2s t ing of t h e  s e l e c t e d  t r a n s d u c e r s  

w i l l  be required.  These i n s t r u m e n t a t i o n '  t e s t s  w i l l  n o t  c o n s t i t u t e  t r ansducer '  

development; r a t h e r ,  t h e y  w i l l  c o n s i s t  of c a l f b r a t i o n  df ' i n  t h e '  u s e  

environment and e v a l u a t i o n  of mounting and p r o t e c t i v e  modi f i ca t ion .  , 

b. Candidate  Ins t rumenta t ion .  v a r i a b l e - r e s i s t a n c e  (AR) ' t y p e  t empera tu re  

t r a n s d u c e r s  can be  used f o r  a c c u r a t e  measurement up t o  1100 K (e.g., Trans- 

s o n i c ,  h c . ) .  These t empera tu re  t r a n s d u c e r s  a r e  made of p la t inum o r  n i c k l e  

a l l o y s  and demonstra te  good s t a b i l i t y  i n  a  r a d i a t i b n  environment. When used a t  . 
t h e  h i g h e r  o p e r a t i n g  temperature ,  i n s t a l l a t i o n  is  u s u a l l y  made by welding. 

S e v e r a l  k i n d s  of thermocouples a r e  a v a i l a b l e  f o r  u s e  i n  t h e  800-700 K 

t empera tu re  range (e .g. , 60% ir id ium-40% rhodium/iridium; p la t inum-  10% rhodium/ 

pla t inum,  from Hy-Cal Engineer ing) .  Thermocouples a r e  used widely  i n  a 

r a d i a t i o n  environment,  r e s u l t i n g  i n  t h e  a v a i l a b i l i t y  o f  a l a r g e  amount of 

r a d i a t i o n - e f f e c t s  da ta .  

P r e s s u r e ,  s t r a i n  and a c c e l e r a t i o n  t r ansducers '  a r e  normally embodied i n  t h e  

f o l l o w i n g  t h r e e  k inds:  

a v a r i a b l e  r e s i s t a n c e  (meta l )  

a v a r i a b l e  r e s i s t a n c e  (semi-conductor) 

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

The AR semi-conductor t r a n s d u c e r s  g e n e r a l l y  show c o n s i d e r a b l e  d i s t o r t i o n  a t  

h i g h  t empera tu res  and r a d i a t i o n  f luence .  Consequently,  i f  t h e  measuring 

t e c h n i q u e s  developed i n  t h e  c o u r s e  of TPE-I a r e  t o  be extended t o  more 

r e a l i s t i c  c o n d i t i o n s  i n  t h e  f u t u r e ,  semi-conductor AR t r a n s d u c e r s  should  be 

avoided.  ' h e  meta l  AR t r a n s d u c e r s  have been used t o  measure s t a t i c  s t r a i n s  ( o r  

p r e s s u r e s )  a t  t h e  t empera tu res  a s  h igh  a s  8 0 0  K. Temperature compensation and 

t r a n s d u c e r  mounting p r e s e n t  t h e  major problems. At  t empera tu res  envisaged f o r  



t h e  T P G I  t e s t s ,  s t r a i n  gages are of t e n  a t t a c h e d  by welding (e.g., Microdot,  

Inc . ,  Weldable-wire s t r a i n  gage). R a d i a t i o n  e f f e c t s  on metal AR t r a n s d u c e r s  

have  beea s t u d i e d  e x t e n s i v e l y ;  g e n e r a l l y  t h e  z e r o - c a l i b r a t i o n  s h i f t s  under 

cont inuous  i r r a d i a t i o n ,  and, t h e r e f o r e ,  long-term s t r a i n  o r  p r e s s u r e  

measurements a r e  d i f f i c u l t .  

Although no t  as wldcly usrd as Llrt l  AR eransducer  tl~r var iab le -capac i t ance  

A trtansri~.!cer f o r  measurciiici~t uf m o C i O r i ,  s t r a i n  and p r e s s u r e  has  unique 

advantages  when a high-temperature measurement is  requ i red .  These devi nes are 

a l s o  operab le  i n  a r a d i a t i o n  environment. 

P i e z o e l e c t r i c .  t r a n s d u c e r s ,  as a p p l i e d  t o  t h e  measurement of p r e s s u r e  o r  

a c c e l e r a t i o n ,  have been s p e c i f i c a l l y  des igned f o r .  h igh- temperature  i n  a 

r a d i a t i o n  environment (e.g., b d e v c o  and PCB P i e z o t r o n i c s  provide d e v i c e s  f o r  

u s e  i n  PWR and LWR systems). ' k a n s i e n t  r a d i a t i o n  f i e l d s  produce f a l s e  s i g n a l s ,  

b u t  t h e s e  s i g n a l s  g e n e r a l l y  a r e  s m a l l  compared t o  t h e  a c c e l e r a t i o n s  o r  

pressure- induced s i g n a l s .  l b e  p i e z o e l e c t r i c  t r a n s d u c e r s  shou ld  be  used i n  t h e  

charge mode under t h e s e  c i rcumstances ,  s i n c e  t h e  f i e l d - e f f e c t  t r a n s i s t o r s  used 

i n  a v o l t a g e  mode a r e  damaged by r a d i a t i o n .  

6. TEST OPERATION 

a .  Steady-St a t e  Operation.  I n i t i a l  tests w i l l  be performed on pane l -co i l  

and  tube-sheet  f i r s t - w a l l  c o n f i g u r a t i o n s  t h a t  a r e  cooled w i t h  p r e s s u r i z e d  w a t e r  

and opera ted  i n  a s t e a d y  s t a t e .  Radiant h e a t i n g  i n  vacuo o r  l o w ~ p r e s s u r e  (few 

mtor r )  hydrogen w i l l  be used on a n  a r r a y  of f i r s t - w a l l  element s i z e s  t o  pe rmi t  

h e a t - f l u e s  i n  t h e  range 1-10 Mw/rn2 ( s t e a d y - s t a t e )  t o  be examined. A l l  t e s t  

a r r a y s  w i l l  be r e p r e s e n t a t i v e  of a fu l ly -eng ineered  f i r s t  w a l l ,  s u p p o r t i n g  

a p p r n p t f a t e  ekaco and numbers uf weldmenes, bends, asymmetrico, and rnec l i a~~fca l  

j o i n t s .  The s t a i n l e s s - s t e e l ,  prime-condidate a l l o y  (PCASS) w i l l  be used wi th  

and  wi thou t  low-Z c o a t i n g s .  S i m i l a r l y ,  s m a l l e r  samples of f i r s t - w a l l  

components i l . , l i m i t e r  edges ,  p r o t e c t i v e  armor) w i l l  be examined under 

s t e a d y - s t a t e  h e a t  f l u x e s  i n  t h e  range 10-100 Mw/rn2. In a d d i t i o n  t o  mapping 

t empera tu res ,  s t r e s s e s  and d e f l e c t i o n s  f o r  a range o f  coo lan t  c o n d i t i o n s ,  non- 

symmetric h e a t i n g  and suppor t  c o n f i g u r a t i o n s ,  sys tem responses  as r e f l e c t e d  by 

changing m a t e r i a l  p r o p e r t i e s ,  mass t r a n s p o r t ,  changing h e a t - t r a n s f e r  

c h a r a c t e r i s t i c s  (e.g., f o u l i n g )  w i l l  be documented under c o n d i t i o n s  of long- 

t e r m  t e s t i n g  f o r  both  t h e  g e n e r i c  f i r s t - w a l l  and f i r s t - w a l l  component 

conf igura t io t l s .  For s e l e c t e d  t e s t  e lements ,  s t a t e - o f - t h e - a r t  p o s t - t e s t  



d i a g n o s t i c s  w i l l  be performed on c r i t i c a l  f i r s t - w a l l  r eg ions  and f i r s t - w a l l  

components. 

S ince  i t  is d e s i r a b l e  t o  c a r r y  any t e s t  sequence t o  a f a i l u r e  mode, and 

s i n c e  t h e  i n c r e a s e d  h e a t  l o a d s  r e q u i r e d  t o  induce f a i l u r e s  can be achieved only  

by reduced tes t -e lement  s i z e ,  c o n s i d e r a b l e  c a r e  must be  used i n  r e l a t i n g  any 

observed f a i l u r e  mode t o  e i t h e r  h i g h e r  h e a t  l o a d i n g 9 e r  se o r  t o  geometr ic  and 

c o o l a n t - c o n f i g u r a t i o n a l  changes t h a t  may r e s u l t  from a need t o  reduce t e s t  

element s i z e .  The ,TPE-I program w i l l  r e l y  s t r o n g l y  o n , b o t h  eng ineer ing  

judgment, s t a t e - o f - t h e - a r t  a n a l y s i s  and p o s t - t e s t  d i a g n o s t i c s  t o  s e p a r a t e  t h e s e  

e f f e c t s  as causes  f o r  s p e c i f i c  f a i l u r e  modes observed under high-heat-flux,  

s t e a d y - s t a t e  cond i t ions .  

b. T r a n s i e n t  E f f e c t s .  A l a r g e  number of t r a n s i e n t  heat - f lux c o n d i t i o n s  - 
can  be envisaged and s imula ted  by t h e  TPE-I exper imenta l  program. For example: 

normal co ld  s t a r t u p  t o  a s t e a d y - s t a t e - o p e r a t i n g  p o i n t  

o s c i l l a t i o n s  i n  t h e  s t e a d y - s t a t e  h e a t  f l u x  t h a t  a r e  s m a l l  r e l a t i v e  t o  

t h e  s t e a d y - s t a t e  v a l u e  

0 l o c a l i z e d  t r a n s i e n t s  wherein t h e  average h e a t  f l u x  i s  c o n s t a n t  but  t ime 

v a r i a t i o n s  occur a y o s s  t h e  bulk  of t h e  t e s t  element 

s i n g l e - s h o t  i n t e n s e  h e a t  , dumps t h a t  f a r  exceed steady-s t a t e  des ign  

v a l u e s  e i t h e r  over  t h e  e n t i r e  t e s t  element o r  l o c a l i z e d  t o  a  smal l  

p o r t i o n  of t h e  test element 

sudden changes i n  t h e  coo lan t  f low o r  geometry. 

The TPE-I t e s t  f a c i l i t y  and g e n e r a l  approach proposed h e r e i n  is capab le  of 

s i m u l a t i n g  a l l  of t h e  above c o n d i t i o n s  through: a )  c o n t r o l  of t h e  primary 

r a d i a t i v e  h e a t i n g  source  (e.g., power c o n t r o l  o r  c o n t r o l  through t h e  u s e  of a  

v a r i a b l e  s h u t t e r  o r  focus ing  mechanism; b )  u s e  of a u x i l i a r y ,  i n t e n s e  h e a t e r s  

(e.g., e l e c t r o n  beams, i n d u c t i v e  o r  dc r e s i s t a n c e  h e a t e r s ,  n e u t r a l  o r  ion  

beams); o r  c )  combination of t h e  above. F a i l u r e  of a  f i r s t - w a l l  t e s t  element 

i s  expected t o  occur  e i t h e r  s i n g u l a r l y  (e.g., by m e l t i n g  o r  l o s s  of c o a t i n g )  o r  

o v e r  a  pe r iod  of t ime through f a t i g u e  ( p r i m a r i l y  a t  bends, weldments and o t h e r  

a r e a s  of s t r u c t u r a l  imper fec t ion) .  S ince  t h e s e  t r a n s i e n t  tests t o  f a i l u r e  

g e n e r a l l y  a r e  expected t o  be t i m e  i n t e n s i v e  and d i f f i c u l t  t o  i n t e r p r e t ,  t h i s  

phase  of TPE-I shou ld  be  d i scussed  w i t h  bo th  ANL, t h e  ETF/FED d e s i g n  team and 

t h e  f u s i o n  technology community a s  a whole. It is  n e v e r t h e l e s s  recommended 

t h a t  t h e  fo l lowing  t h r e e  c a t e g o r i e s  be used i n  c l a s s i f y i n g  any s e r i e s  of 

t r a n s i e n t  TPE-I tests: 



"steady-state" o s c i l l a t i o n s  and r ecu r r ing  "local" t r a n s i e n t s  

diminution o r  103s of cool ing capac i ty  

i n t ense ,  l o c a l  s ingle-shot  hea t  . dumps - ( i - e . ,  plasma d i s rup t ions ,  l ead ing  

t o  i n t ense  su r f ace  and bulk power d e n s i t i e s ) .  
1 

7. Test  Data Reduction, Evaluation and Dissemination. Data a c q u i s i t i o n  

and reduct ion throughout t h e  test program w i l l  be d i r e c t e d  towards t h e  

fol lowing object ives:  a )  c o r r e l a r i n g  a n a l y t i c  p red ic t ions ;  b )  p rovid ing  a  b a s i s  

f o r  coroponent evaluat ion;  and c) developing a n  engineer ing da t a  base  f o r  

f a c i l i t y  design. It is assumed t h a t  t h e  da t a  requirements f o r  t h e s e  t h r e e  

o b j e c t i v e s  w i l l  be s imi l a r .  Each w i l l  r e q u i r e  t h e  a b i l i t y  t o  record  l a r g e  

q u a n t i t i e s  of da t a  a t  medium r a t e s  ( i .e . ,  .at a maximum one da ta  p o i n t  pe r  

1-10 ms). In t h e  case of t h e  a n a l y t i c  d a t a  c o r r e l a t i o n  program, c a p a b i l i t y ' f o r  

on-l ine d a t a  reduct ion and d i sp l ay  vill be used t o  minimize turn-around time. 

The basis f o r  t h e  t e s t  da ta  handling system w i l l  be t h e  Hewlett-Packard system 

now i n  ex is tence  at t h e  proposed test f a c i l i t y  (Sec. II.C.3.b.) T h i s  

programmable da t a  manipulat ion c a p a b i l i t y  permits  on - l i ne  d i s p l a y  of reduced 

d a t a  by p l o t t e r ,  p r i u t r r  o r  CRT. 'incoming test  s i g n a l s  a r e  d i g i t i z e d  and 

s t o r e d  i n  t h e  mini-computer memories up t o  a  t o t a l  of 120 kbytes .  When t h e  

s t o r a g e  capac i ty  of t he  minicomputers is reached t h e  recording i s  i n t e r r u p t e d  

b r i e f l y  and t h e  accumulated da ta  dumped t o  a  f loppy d isk .  The d i sk  provides  a  

s t o r a g e  capac i ty  up t o  1.5 Mbytes, allowing continuous monitoring of long-term 

t e s t s .  The s to rage  capac i ty  of  t h e  minicomputer memories is s u f f i c i e n t  t o  

record  d a t a  through i n i t i a l  t r a n s i e n t s ,  thereby minimizing d a t a  l o s s  i n  t h e  

transfer prnr.ea.s. For post- teot  data reduction1 t h e  d i s k  6~01ed data  may be 

t r a n s f e r r e d  back through t h e  ' processor  f o r  reduc t ion  and d isp lay .  The da t a  

handliag capability of t he  e x i s t i n g  ayetem provides t h e  means f o r  r ap id  

reduc t ion  of l a r g e  q u a n t i t i e s  of t e s t  information t o  an  app rop r i a t e  fdrm f o r  

diss imenat ion and use i n  t h e  engineer ing des ign  of f u s i o n  r e a c t o r s .  Format and 

conten t  of the engineer ing design d a t a  documentation w i l l  be e s t ab l i shed  i n  t h e  

Phase 0 e f f o r t .  

D* INVOLVEMENT OF SUPPORTING PARTICIPANTS 

As  seen from t h e  Laboratory o rgan iza t ion  proposed f o r  TPE-I 

(Attachment 01) a l l  a spec t s  of t h i s  t a s k  a r e  adequately covered by an 

app rop r i a t e  l e v e l  and range of expe r t i s e .  'lhe pr imarly fu s io+re l evan t  i npu t  

and e x p e r t i s e  w i l l  be channeled through Group CTR-12, which through t h e  program 

manager w i l l  s e rve  a s  t he  i n t e r f a c e  between t h e  LASL 'TPE-I a c t i v i t y ,  ANL, and 



. o the r  TPE a c t i v i t i e s .  I£ i t  appears  a p p r o p r i a t e  and i f , a v a i l a b l e  e x p e r t s  a r e  

i d e n t i f i e d , . h o w e v e r ,  they  w i l l  be i n c o r p o r a t e d  i n t o . t h e  program as required.  

E. PHASE I SCHEDULE 

A p r e l i m i n a r y  schedu le  of Phase  I a c t i v i t i e s  is  g iven  i n  Attachment #3. 

T h i s  schedu le  is based on t h e  g e n e r a l  approach sugges ted  i n  Sec. 1 I . A  and 

cor responding ly  w i l l  be s u b j e c t  t o  ref inement  as t h e  Phase  0 proceeds .  

Genera l ly ,  t i t e r  rests uu e x i s t l n g  equipment u s i n g  a l a r g e  b u t  r e l a t i v e l y  

s i m p l e  pane l -co i l  o r  tube-bank f i r s t - w a l l  segments should  beg in  under f u l l  

i n s t r u m e n t a t i o n  by May 1981 w i t h  t h e  f i r s t  conc lus ive  r e s u l t s  emerging f o r  

rev iew from Phase I i n  t h e  June-July 1981 t i m e  frame. 

F. PRINCIPAL AND KEY INVESTIGATORS 

A g e n e r a l  LASL o r g a n i z a t i o n  proposed f o r  t h e  execu t ion  of t h e  TPE-I t a s k  J 

i s  g iven  i n  Attachment # l .  Given below is a breakdown of key i n d i v i d u a l s  who 

would ' c o n t r i b u t e .  t o -  t h e  TPE-I (Phase I )  e f f o r t .  . IZesumes - f o r  each key 

i n v e s t i g a t o r  a r e  found" i n  Attachment # 6. 

e P r i n c i p a l  i n v e s t i g a t o r  f o r  management of Phase  I 

M. A. Merrigan 1/4 t ime 

Co-principal  i n v e s t i g a t o r  f o r  f u s i o n  technology l i a i s o n  

R. A. Krakowski 1/4 t i m e  

Experimental  program i n v e s t i g a t o r  

M. A. Merrigan. 1/2 t i m e  

e A n a l y t i c  program l e a d e r s  

T. A. Butler/G. E. C o r t .  1 t i m e  

T e s t  e v a l u a t i o n s  l e a d e r  

R. C. l b v e  1 /4 t ime 

T e s t  f a c i l i t y  d e s i g n e r  

G. E. Cor t  1 /4 t ime 

T o t a l  2-1/2 man-years 

G. TECHNICAL AND MANAGERIAL CAPABILITIES 

The t e c h n i c a l  and manager ia l  o r g a n i z a t i o n  (Attachment # l )  t h a t  w i l l  be 

used t o  implement TPE-I r e f l e c t s  a n  e s t a b l i s h e d  and well-known c a p a b i l i t y .  Los 

Alamos Group 4-13 i s  w e l l  ve r sed  i n  t h e  exper imental  and a n a l y t i c a l  methods 

needed t o  f u l f i l l  a l l  TPE-I (Phase I )  t a s k s .  In a d d i t i o n ,  Group 4-13 w i l l  be 

suppor ted  by e x p e r t s  i n  o t h e r  a r e a s  of f u s i o n  technology (Group CTR-12), 

advanced eng ineer ing  a n a l y s i d d e s i g n  (Group WX-4) and m a t e r i a l s  technology 



(Groups CMB-3, -5, and -6). Coordination of t h i s  e f f o r t  and d i r e c t  

comxpunication with ANL w i l l  be assured through a program manager whose o v e r a l l  

r e s p o n s i b i l i t i e s  include a l l  Laboratory-wide e f f o r t s  i n  magnetic f u s i o n  

development/technology. 

H. UNIQUE FACILITIES AND OTHER RESOURCES . 

The f a c i l i t i e s  chat w i l l  be appl ied  t o  TPE-I(Phase I )  have been descr ibed 

i n  Sec. II.C.3. and Attachment 115. These f a c i l i t i e s  w i l l  be shared by o t h e r  

programs t o  an ex t en t  t h a t  i s  y e t  t o  be determined. me ex i s t ence  of t he se  

f a c i l i t i e s ,  p a r t i c u l a r l y  t h e  power supp l i e s ,  test bays, ins t rumenta t ion  and 

support  shops,  represen ts  a considerable  savings of both cost  and e f f o r t  f o r  

t h e  TPE-I (Phase I )  program. The c o s t  burden t o  a TPE-I(Phase I )  program t h a t  

u se s  these  f a c i l i t i e s  and modif icat ions thereof has not  ye t  been determined, 

bu t  should be minimal; gene ra l l y ,  i t  is  expected t h a t  a major p a r t  of such 

c o s t s  w i l l  be r e l a t e d  only t o  maintenance, r e p a i r ,  and r e t r o f i t t i n g .  

I. DATA RELEASE STATEMENT 

The Los Alamos Nat ional  Laboratory i s  a n a t i o n a l  l abo ra to ry  and, a s  such,  

a l l  unc lass i f ied '  information generated by t h e  labora tory  is  and w i l l  be made 

a v a i l a b l e  t o  t he  public.  

J. COST INFORMATION 

A t  t he  2.5 ' man-year leve l -of -e f for t  (Sec.1I.F.). p ro j ec t ed  f o r  

TPE-I (Phase I )  and an annual staff-member c o s t  of 96 k$/y,  t he  r e s u l t i n g  240 k$ 

p l u s  40 k$ f o r  ma te r i a l s  and supp l i e s  would r e s u l t  i n  a t a r g e t  cos t  of 280 k$ 

f o r  fY 1.981. I h e  9 6  k$  pe r  s t a f f  member year  inc ludes  a 70.5% overhead . charge 

on s a l a r y .  p lus  f r i n g e  bene f i t s .  l h e s e  c o s t s  a r e  t y p i c a l  of o t h e r  magnetic 

f u s i o n  energy programs funded d i r e c t l y  by t h e  Of f i ce  of Fusion Energy/DOE a t  

Los Alamos. 
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Attachment #3  
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ATTACHMENT #4 

COMPUTER PROGRAMS I N  USE AT LOS A M O S  WITH DIRECT APPLICATION 
TO THE FW/B/S PROBLEM 

( P a r t i a l  l i s t )  . 

S t r u c t u r a l  Ana lys i s  ( a l l  use  t h e  f i n i t e - e l e m e n t  method) , 

SAPV - S t a t i c  and dynamic a n a l y s i s  of l i n e a r ,  t h r e e d i m e n s i o n a l  systems. 

I TSASS - Thermal and s t r e s s  a n a l y s i s  of s t a t i c  and 'dynamic, l i n e a r  and 
n o n l i n e a r ,  three-dimensional systems. 

ADINA - S t a t i c  and dynamic a n a l y s i s  of l i n e a r  and n o n l i n e a r  th ree -  
d imenuional sy s terns. 

SPAR - I n t e r a c t i v e  s t r e s s  a n a l y s i s  of s t a t i c  and dynamic, l i n e a r ,  two- 
dimensional  s y s  tems . 

Heat Trans fe r*  

MITAS - I n t e r a c t i v e  f i n i t e - d i f f e r e n c e  s o l v e r  f o r  l a r g e  mul t id imens iona l  
lumped-parameter, i .e . ,  r e s i s t o r  c a p a c i t o r  (R-C) network 
r e p r e s e n t a t i o n s  of thermal  systems. 

AYER - V e r s a t i l e  f in i t e -e lement  program t o  s o l v e  t h e  t r a n s i e n t ,  n o n l i n e a r ,  
two-dimensional heat-conduction equa t ion ,  i n c l u d i n g ,  e f f e c t s  of 
a n i s o t r o p y  and m a t e r i a i  movement. 

ADINAT - General  n o n l i n e a r  f i n i t e - e l e m e n t  s o l u t i o n  t o  three-dimensional ,  
t r a n s i e n t  heat-conduction problems. 

F l u i d  Flow 

VN A .  - V e r s a t i l e  f i n i t e d i f f e r e n c e  program f o r  c a l c u l a t i n g  , v i s c o u s ,  
two-dimensional, s t eady  and unsteady,  compress ib le  i n t e r n a l  flow. 
Typica l  problems t h a t  can be s o l v e d  are f low i n  p i p e s  and d u c t s ,  
subsonic  and oupcroonic inlets, free-jet c x p a n s i o ~ ~ s ,  and n o z z l e s .  

S OLA - V e r s a t i l e  three-dimensional  t r a n s i e n t  i n  compress ib le  v i s c o u s  f low 
b with v a r i a b l e  mesh and f r e e  s u r f a c e .  

Chemical React ion 

CHEMSHARE - A broad-based p rocess  s i m u l a t o r  wi th  c a p a b i l i t y  f o r  developing 
p rocess  f low s h e e t s ,  h e a t  and m a t e r i a l  ba lance  d a t a ,  p h y s i c a l  
p r o p e r t y  d a t a ,  phase e q u i l i b r i a ,  and equipment s i z i n g  and design.  

GENMIX - General  code f o r  p r e d i c t i n g  s t e a d y ,  two-dimensional f l u i d  f low w i t h  
h e a t  and mass t r a n s f e r  and chemical  r e a c t i o n s .  

2 DE - Reac t ive ,  multicomponent, two-dimensional E u l e r i a n  hydrodynamic 
code used t o  model shock waves, d e t o n a t i o n s ,  and i n i t i a t i o n  of 
d e t o n a t i o n s  i n  homogeneous and heterogeneous  e ~ l o s i v e s .  

* 
Because of t h e  analogy between v a r i o u s  f i e l d  v a r i a b l e s ,  t h e s e  codes have been 

used t o  s o l v e  o t h e r  f i e l d  problems, such a s  f low i n  a porous medium. 



ATTACHMENT #5 
General  D e s c r i p t i o n  of E x i s t i n g  T e s t  F a c i l i t y  t o  be used f o r  TPE-I. 

F i g u r e  Capfions f o r  Attachment #5. 

Fig. 1. TA-46 f a c i l i t i e s  a t  Los Alamos a p p l i c a b l e  t o  FW/B/S test program. 

Fig. 2. 2.5-MW d c  g e n e r a t o r  s e t  p rov ides  a programmable s o u r c e  f o r  r a d i a n t  
h e a t e r  powcr. 

Fig. 3. C e n t r a l  d a t a  a c q u i s i t i o n  and c o n t r o l  s t a t i o n  employs two HP-9825 d a t a  
p rocessors .  

Fig. 4. Vacuum chamber t o  be  used f o r  FW/B/S' t e s t  program. , 

Fig.  5. Schematic diagram of exper imenta l  a p p a r a t u s  proposed f o r  FW/B/S t e s t  
program. I 



WA-18 , 

WA- 1 9 

WA-37 

WA- 5 8 

WA- 7 7 

WA- 8 6 . 
WA- 8 7 

WA- 105 

ULR-385 

TABLE I 

BUILDING SUMMARY 

Ri rposc 

Tes t  c e l l s ,  c o n t r o l  rooms, 2.5 MU d c  power 
supply and d i s t r i b u t i o n  system 

Lnvotoryi a i r  C O ~ ~ ' ~ ~ S U C ,  loca~ion f o r  
a d d i t i o n a l  power supply (has  access  t o  tunne l )  

d c  power d i s t r i b u t i o n  tunne l  

1500 KVA t ransformer - i n p u t  power t o  Bldg. 17 

High pressure  compressor 'and gas handling 
equipment, inc lud ing  t u b e - t r a i l e r  hookup 
f a c i l i t i e s  

Support shop f a c i l i t y ,  l ava to ry ,  l ocke r  room, 
equipment room, o f f i c e  

Tes t  a r t i c l e  prepara t ion  and s t a g i n g  a r ea  

Cooling tower 

Cooling water t reatment  and . c i r cu l a t i on  
equipment, hea t  exchanger 

5000 KVA Transformer - a c  power supply f o r  
2 . 5  'MW MG s e t  

F i e l d  o f f i c e  with l ava to ry  



~ i g .  1. TA-46 FACILITIES APPLICABLE TO THE FW/B/S 
TEST PROGRAM 



THERMAL 

FIRST WALL THERMAL-HYDRAULIC TEST FACILITY 

F i g .  5 .  



ATTACHMENT 86 

Resumb of Key Investigators 



QUALIFICATIONS AND ASSIGNMENT OF PROGRAM PERSONNEL 

M. A. Mcrrigan 

Education BSME, MSME, U n i v e r s i t y  of Southern C a l i f o r n i a  

Expcricncc;  2 y e a r s  a t  Los Alamos N a t i o n a l  Labora to ry  
22  y e a r s  t o t a l  

Specia1.i tlies: Ihermodynauics, F l u i d  Mechanics, Heat f i a n s f  e r ,  Chemical 
K i n e t i c s  

P l e s e n t  assignment i s  p r o j e c t  l e a d e r  f o r  t h e  Ceramic Heat  P i p e  Program i n  
exper imenta l  DOE f o s s i l  f u e l s  program conducted through t h e  P i t t s b u r g  Energy 
Technology Center  (PETC). A c t i v i t i e s  i n  t h i s  c a p a c i t y  c o n s i s t  of t h e  t e c h n i c a l  
management of LASL and  s u b c o n t r a c t  i n v e s t i g a t i o n s ,  p r e p a r a t i o n  o f  r e p o r t s  and 
rev iews ,  and t h e  development and n e g o t i a t i o n  of budgets.  

Immediate p r i o r  p o s i t i o n  was a t  Highes A i r c r a f t  Company a s  Head of t h e  
Mechanical  Design and Ana lys i s  S e c t i o n  i n  t h e  Communications and Radar D i v i s i o n  
f rom 1 9 7 4 '  t o  1979. S e c t i o n  r e s p o n s i b i l i t i e s  c o n s i s t e d  of t h e  p h y s i c a l  d e s i g n  
and  implementation of r a d a r  and commnica t ions  systems i n c l u d i n g  d i r e c t i o n  of 
in-house and s u b c o n t r a c t  f a b r i c a t i o n  of e l e c t r o n i c  d e v i c e s  and subsystems 
rang ing  from p r i n t e d  c i r c u i t  and s t r i p l i n e  boards  through f e r r i t e  and d iode  
phase  s h i f  ters t o  se rvo-con t ro l  equipment. IXlties i n c l u d e d  t e c h n i c a l  
s u p e r v i s i o n ,  c o s t  and schedu le  e s t i m a t i o n  and c o n t r o l ,  vendor s e l e c t i o n  and 
moni tor ing,  and p r e p a r a t i o n  and p r e s e n t a t i o n  of t e c h n i c a l  p roposa l s .  and 
reviews.  T h i s  p o s i t i o n  e n t a i l e d  t h e  d i r e c t i o n  of approximately  50 a n a l y s i s  and 
d e s i g n  personnel.  

P rev ious  assignment a t  Hughes was a s  Head of t h e  Advanced Development and 
A n a l y s i s  S e c t i o n  . f o r  t h e  T e c h n i c a l  S e r v i c e s  Group Off i c e  f rom 1 9 6 8  t o  1 9 7 4 .  In 
t h i s  c a p a c i t y  was r e s p o n s i b l e  f o r  t e c h n i c a l  s u p p o r t  t o  t h e  l i n e  e n g i n e e r i n g  
e l e c t r o n i c  o r g a n i z a t i o n s  f o r  thermal  a n a l y s i s ,  dynamics, and des ign  f o r  
m i l i t a r y  f i e l d  environments and t e s t s .  R e s p o n s i b i l i t i e s  as S e c t i o n  Head 
inc luded  t h e  development and d i r e c t i o n  of in-house s u p p o r t  C f f o r t  as well as 
e n g i n e e r i n g  RLD programs encompassing program d e f i n i t i o n ,  p roposa l  p r e p a r a t i o n ,  
n e g o t i a t i o n  w i t h  sponsors ,  and s u p e r v i s i o n  of t e c h n i c a l  e f f o r t s .  Pragrams 
devel-aped dur ing  t e n u r e  included a n  i n v e s t i g a t i o n  of m i c r o e l e c t r o n i c s  packaging 
t echn iques  conducted f o r  USAF; t h i c k - f i l m  hybr id  m i c r o e l e c t r o n i c  thermal  des ign  
models f o r  u s e  i n  c i r c u i t  l a y o u t ,  and t h e  a p p l i c a t i o n  of e b u l l i e n t  c o o l i n g  
t echn iques  t o  h igh  v o l t a g e  power s u p p l i e s .  Zhe a p p l i c a t i o n  of advanced thermal  
c o n t r o l  t echn iques  t o  m i l i t a r y  e l e c t r o n i c s  equipment through t h e  u t i l i z a t i o n  of 
h e a t  p i p e s  and phase change m a t e r i a l s  f o r  energy s t o r a g e  was i n v e s t i g a t e d  under 
t h e  sponsorsh ip  of USAF, Wright P a t t e r s o n  A i r  Force Base; NASA, Huntsv i l l e ;  and  
U.S. Army E l e c t r o n i c s  Command. Other  programs invo lved  t h e  f e a s i b i l i t y  
a n a l y s i s  of combined environment test f a c i l i t i e s  f o r  t h e  U.S.  tkvy and t h e  . 
e v a l u a t i o n  of dynamic t e s t  methods f o r  h igh  i n t e n s i t y  shock s imula t ion .  While 
a s s i g n e d  t o  t h e  Techn ica l  S e r v i c e s  Group O f f i c e  a l s o  s e r v e d  as Chairman of t h e  
Techn ica l  Papers  Review Committee 

M r .  Merrigan h a s  conducted f e a s i b i l i t y  s t u d i e s  of s p a c e  environmental  
f a c i l i t i e s  f o r  p ropu ls ion  resea rch ;  exper imenta l  i n v e s t i g a t i o n s  of hypergo l ic  



p r o p e l l a n t  r e a c t i o n s  i n  low p r e s s u r e ,  c ryogen ic  environments;  a n a l y s i s  if 
SNAP-8 components. 

P u b l i c a t i o n s  

Techn ica l  Repor t  No. 23-34, "Design Guide f o r  P r e s s u r i z a t i o n  System A r a l u a t i o n  
L i q u i d  P r o p u l s i o n  Rocket Engines ," Aeroj  e t  Genera l  Corpora t ion ,  'September 1962. 

Technical Repor t  No. USC-86-101, "investigation of Chemical Non-Equilibrium 
E f f e c t s  i n  Viscous  Shock Layers," USC Engineering Cente r ,  May 1963. 

T e c h n i c a l  Repor t  No. AFRPL-TR-65-19, " P r o p e l l a n t  Reac t ion  C h a r a c t e r i s t i c s  i n  
, Space Environmental  T e s t  F a c i l i t i e s  ," C e l e s c o  Corpora t ion ,  1 5  January 1965. 

"On t h e  Spontaneous I g n i t i o n  of Hypergol ic  P r o # e l l a n t  Systems a t  Low p r e s s u r e s  
and  Temperatures,"  P a p e r  No. 64-29, Western S t a t e s  Combustion I n s t i t u t e  
Meeting, S a l t  Lake C i t y ,  Utah. 

"Prope l l an t  Reac t ion  C h a r a c t e r i s t i c s  i n  Space Environment T e s t  F a c i l i t i e s , "  
AFRPL-TR-65-19, 15  Jan. 1965. 

"Thermal Cont ro l .  of Airborne  E l e c t r o n i c  Equipment ," AFFDL-TR-73-12, June  1973. 

" I n v e s t i g a t i o n  of Novel Hea t  Removal Techniques f o r  Power T r a n s i s t o r s  ," 
ECOM-0021-1 R6D Report October  1972. 

" P i p e l i n e s  a s  Ins t rumented Networks f o r  Ear thquake P r e d i c t i o n , "  NACE paper  
No. 59, Corros ion 1974 Symposium, March 1974, Chicago, I l l i n o i s .  

"High Temperature Heat P i p e s  f o r  Waste Heat Recovery," M e  A. Pierrigan and E.  
S Keddy; AIAA 1 5 t h  Thermophysics Conference J u l y  14-16, 1980, Snowmass, 
Colorado; LA-UR-79-3437. 

"Economics of High Temperature Recupera t ion  Using Ceramic Heat Pipes" ;  M. 
Merr igan,  American S o c i e t y  f o r  Meta l s  Conf e rence ,  June  4 ,  1980, P i l l s b u r g h ,  
Pa. ; LA-UR-80-1550. 

"A Heat P i p e  Heat &changer  Model f o r  High Temperature Recuperators ,"  M. 
Merr igan,  CUBE Symposium, Otb. 22-24, 1980, Lewtence Livermore Na t iona l  
Laboratory;  LA-UR-80-1985. 

A c t i v i t i e s  Tau Beta  P i ,  P i  Tau Sigma, American S o c i e t y  of Metals  
and Honors: - 



Rober t  A. Krakowski 
MS-641 
Los Alamos ' S c i e n t i f i c  Labora to ry  
Los Alamos, New Mexico 87545 
505-667-5863 
FTS 843-542'7 

Education: B.Ch.E./M.S. The 01110 S t a t e  U n i v e r s i t y  i n  Chemical Eng ineer ing  ' 

(1 961) Thes i s :  Gamma-ray Induced Chemical Reac t ions .  
f i  a n *  I i n i v ~ r s i t y  of C a l i f u r u l a ,  b e f k e l e y ,  ' i n  Nuc lea r  
Eng ineer ingIEngineer ing  P h y s i c s  ( 1  967). D i s s e r t a t i o n :  
High-Temperature I u t e t a c t i o n  of Hydrogen Beams w i t h  Metcll l ic  
Surf  a c e s .  

P r e s e n t  P o s i t i o n  
Croup Leader ,  LASL Group CTR-12 
Magnetic Fusion Systems S t u d i e s  

Henors 
Tau Beta  P i  
P h i  Lambda Ups i lon  
sigma Chi 
AEC Fel lowship  ( 1  961-62) 
UOP Fel lowship  (1960-61) 

P r o f e s s i o n a l  Exper ience  
1962-65 - Research A s s i s t a n t  a t  Lawrence R a d i a t i o n  L a b o r a t o r y ,  

Berkeley s i t e .  
1965-66 - A c t i n g  I n s t r u c t o r  of Nuclear  Eng ineer ing  a t  Berkeley 
1967-68 - Research Fellow a t  I s p r a  ( I t a l y )  C e n t e r  of Research f o r  

Euratom 
1968-72 - A s s i s t a n t  P r o f e s s o r ,  F a ~ c l e a r  Enginccr lng,  03U 
1972-73 - S t a f f  Member, Group N-5 (Thermionics Development), LASL 
1973-present  - S t  ef f  Member/Croup Leader  (1 976), Group CTR-12 

(ElagurLlc Fusion Sjrstems S t u d i e s ) ,  LASL 

Consu l t ing  Experience:  
B a t t e l l e  h m o r i a l  I n s t i t u t e  (5168-6/71). 
Los Alamos S c i e n t i f i c  Labora to ry  (6/70-9/70)' 
U n i v e r s i t y  o f .  C a l i f o r n i a ,  Berkeley (1976-1979) 
U n i v e r s i t y  of Washington (1 978) 

P r o f e s s i o n a l  and S c i e n t i f i c  Organ iza t ions :  
American Nuc lea r  S o c i e t y  
American Ceramic S o c i e t y  
American Chemical S o c i e t y  
Ohio S o c i e t y  of P r o f e s s i o n a l  Eng ineers  and Surveyors  
R e g i s t e r e d  P r o f e s s i o n a l  Engineer ,  S t a t e  of Ohio 

Genera l  Areas  of Research I n t e r e s t :  
U g h  t empera tu re  ( i n o r g a n i c )  chemis t ry ,  s o l i d - s t a t e  p h y s i c s ,  

, r a d i a t i o n  e f f e c t s  i n  s o l i d s ,  p h y s i c a l  chemis t ry  of n u c l e a r  f u e l s ,  
he terogeneous  c a t a l y s i s ,  chemical  k i n e t i c s ,  a d s o r p t i o n  phenomena, 
m a t e r i a l  c reep ,  s o l i d - s t a t e  d i f f u s i o n  and t r a n s p o r t  phenomena, 



electrochemistry, corrosion (oxidation), Mssbauer spectroscopy, 
material and heat-transport problems associated with nuclear 
reactor safety, fusion technology and systems studies, plasma ' 

engineering. 

RESEARCH EXPERIENCE AND RESPONSIBILITIES: 

Q Research ,Experience at Los Alamos Scientific Laboratory: 
(717 2-6/73; ~u~ervisor: William A. Ranken) 
(6/73-617 7; Supervisor: R e d  RibelKeith Thomassen) 
(617 7-present; Supervisor: Harry Dreicer) 

As a' staff member and group leader associated with fusion-reactor systems 
situdies and plasma engineering, primary responsibilities have centered on 
the.computationa1 modeling and design of a wide, range of magnetic 
confinement schemes for thefproduction of fusion power. In the course of 
.evaluating specific fusion concepts the following engineering and 
scientific topics were addressed: plasma physics, plasma, engineering, 
electrotechnology and energy .storage, thermomechanical and 
thermohydraulic .design, systems design, tritium chemistry, radiation 
damage, engineering economics. In addition to performing system studies 
and technology assessments for a large number of fusion reactor concepts, 
a strong interaction was maintained in a range of areas of contemporary 
interest to and planning for the CTR Division. 

As. a staff member associated with thermionic reactor research, primary 
responsibilities were in the area of materials problems associated with 
fuel and fuellcladding interactions. The major tasks in this 
effort which were actively being pursued at the termination of this 
program were: 

- Development of a fueled'irradiation capsule to resolve and enhance the 
long-term dimensional stability of thermionic emitters. The 
irradiation ' was scheduled for the Gulf General Atomic TRIGA reactor in 
San Diego. 

- Development of a fueled irradiation capsule to resolve the short-te'rm 
behavior of fission products,and dimensional stability of thermionic 
emitters. The irradiation was scheduled in the LASL OUR. 

- Development of a high volume percent (90 v/o) UO W cermet having high 
open porosity with good high-temperature stab$lity. lhis high creep 
rate material is to form a fuel weakening region between the dense U02 
core and the W clad and by stress relieving mechanism reduce the stress 
exerted by the fuel on the clad (emitter). Sintering and creep studies 
of the U02/W cermet were being performed, and fabrication procedures 
required to 'form this material into specific shapes for use in 
thermionic emitters were being resolved. 

- The biaxial creep properties of columnar oriented U02 was to be studied 
out-of-pile. 

- A means to enhance the creep properties of U02 via chemical additions 
were being researched. 



- A n  out-of-pile test of a  f u e l e d  thermionic  e m i t t e r  was i n  p rogress .  
This  t e s t  was des igned t o  s i m u l a t e  c l o s e l y  t h e  thermal  g r a d i e n t s  
expected in-pi le .  Fue l  (UO ) r e d e p o s i t i o n  mechanisms and thermal 
r a t c h e t i n g  p rocesses  were t o  ge s t u d i e d .  A d d i t i o n a l l y ,  t h e  des ign  
bases  s e l e c t e d  f o r  t h e  two aforementioned i r r a d i a t i o n  exper iments  and a  
means t o  produce columnar o r i e n t e d  U 0 2  f o r  out-of-pi le  c reep  
i n v e s t i g a t i o n s  were t o  be  provided by t h e  out-of-pi le  t e s t s .  

- p o s t - i r r a d i a t i o n  a n a l y s e s  of f u e l e d  c a p s u l e  exper iments  and the rmion ic  
f u e l  element t e s t s  were being performed. '  Th i s  work involved f i s s i o n  

Y 

i gas  r e t e n t i o n  s t u d i e s ,  2 3 5 ~  burn-up d e t e r m i n a t i o n ,  metal lography , and 
el .ectron microprobe ana lyses .  The g o a l  of t h e s e  a n a l y s e s  was t o  
e l u c i d a t e  f i s s i o n  g a s  t r a n s p o r t  mechanisms, m a t e r i a l  c o m p a t i b i l i t y ,  and 
c e r t a i n  chemical  r e a c r i o n  zones. 

- Development of a n a l y t i c a l  models t o  p r e d i c t  t empera tu re  d i s t r i b u t i o n s ,  ' 

f i s s i o n  gas  t r a n s p o r t  and r e l e a s e ,  f u e l  r e d i s t r i b u t i o n ,  and stress 
f i e l d  i n  f u e l e d  e m i t t e r  was i n  p rogress .  

R t?spons ib i l i t i e s  a t  Ohio Stat-e.-University: 
(9/68-717 2 ;  Supervisor :  Donald Glower) 

Course R e s p o n s i b i l i t i e s :  

. - Mechanical  Engineer ing 3 11 (511) : Heat T r a n s f e r  and F l u i d  Flow. Study of 
t h e  fundamental  p r i n c i p l e s  of h e a t  t r a n s f e r  and f l u i d  f low. 
(Undergraduate) . 

- Nuclear Engineer ing 7  16: Nuclear Safety .  Modeling t h e o r y  developed and 
a p p l i e d  t o  n u c l e a r  systems t o  f a c i l i t a t e  a n a l y s i s  of p o s s i b l e  n u c l e a r  
a c c i d e n t s ,  p r e p a r a t i o n  of Pre l iminary  S a f e t y  A n a l y s i s  Repor t s ,  r e a c t o r  
s i t i n g  c r i t e r i a ,  r e a c t o r  safeguard,  w i t h  s p e c i a l  emphasis on l igh t -wate r  
power ' r e a c t o r s .  (Graduatelundergraduate) 

- Nuelear Engix~eer ing 743: Nuclear Engineer ing  I. Ekperimental  
i n v e s t i g a t i o n  of n u c l e a r  r a d i a t i o n  i n t e r a c t i o n  w i t h  m a t t e r ,  exper imenta l  
v e r i f i c a t i u n  of basic p r i n c i p l e s  of a tomic and n u c l e a r  p h y s i c s ,  
s h i e l d i n g ,  d e t e c t o r  response,  r a d i a t i o n  d e t e c t i o n  systems. (Graduate) 

- Nuclear  Engineer ing 744: Nuclear Engineer ing 11. Fxper imental  n u c l e a r  
I r e a c t o r  a n a l y s i s ,  c r i t i c a l i t y  exper iments ,  measurement of nuc leon ic  and 

r e a c t o r  parameters.  (Graduate) 

- Nuclear Engineer ing 814: E f f e c t s  of RBdiation I n t e r a c t i o n s  i n  Matter. 
E f f e c t s  of high-energy r a d i a t i o n  i n  g a s e s ,  l i q u i d s ,  and s o l i d s  wi th  
emphasis on b a s i c  i n t e r a c t i o n  p rocesses  i n  s o l i d s ,  p r o p e r t y  change i n  
r e a c t o r  f u e l s  and c o n s t r u c t i o n  m a t e r i a l s .  (Graduate) 

- Nuclear Engineer ing 862: Breeder Reactor  Design. Breeding c y c l e  i n  , 

thermal  and f a s t  r e a c t o r s ,  b reed ing  r a t e s  and c r i t i c a l i t y  c a l c u l a t i o n s  
f o r  breeding systems,  f u e l  c y c l e s ,  s p e c i a l  d e s i g n  concep t s ,  l iqu id -meta l  
f a s t  b reeder  technology,  f a s t  r e a c t o r  physics .  (Graduate)  

,2 



a Research R e s p o n s i b i l i t i e s :  

- "Oxygen Concen t ra t ion  C e l l  Measurement of 1 o n i c  T r a n s p o r t  Numbers i n  t h e  
Family of PZT P o l y c r y s t a l s , "  MS T h e s i s ,  Andre E z i s  (1969). 

- "Defect Me.chanisms i n  Lead Z i r c o n a t e  T i  t a n a t e A C  Conduc t iv i ty  and EMF 
Measurements ,I' Ph .D. D l s s e r t a t i o n ,  John Bur t  ( 1  970). 

If - T r a n s p o r t  phenomena a t  Liquid-Vapor I n t e r f a c e  of Mercury Using a  
Rad ioac t ive  Tracer ,"  PhaD. D i s s e r t a t i o n ,  Kyral  F. Wylie (1970). R. W. 
Brodkey, D. D. Glower, co-advisors.  

- "Puls&Decay Phenomena i n  Lead Z i r c o n a t e  T i t a n a t e  F e r r o e l e c t r i c  Ceramics,  
MS T h e s i s ,  A l i  Zied (1971). 

- " E f f e c t s  of H y d r o s t a t i c  P r e s s u r e  on t h e  Degree o f  Swel l ing  of  Uranium 
Monocarbide Induced by F i s s i o n  Produc t  Gases ." T h i s  work r e p r e s e n t s  an  
exper imenta l  i n - p i l e  s t u d y  of f i s s i o n  gas  s w e l l i n g  a t  h i g h  p r e s s u r e  
(- 1 0  k p s i )  and high t empera tu re  (- 1000-1500°c). The s w e l l i n g  r a t e  w i l l  
b e  measured i n  s i t u ,  and a range o f  s t o i c h i o m e t r y  (UC1 ) w i l l  be 
i n v e s t i g a t e d .  Ph .D. M s s e r t a t i o n ,  begun 1970, experimentat?on underway 
a t  Argonne Na ' t ional  Laboratory .  

- .  "Study o f  t h e  Oxida t ion  of 304 S t a i n l e s s  S t e e l  Using Mtissbauer 
Spect roscopy ." T h i n  (25 um) f o i l s  of 304 s t a i n l e s s  s teel  are ox id ized  i n  
d r y  a i r  i n  t h e  t empera tu re  range 6 0 0 - 1 0 0 0 ~ ~ .  Oxidat ion k i n e t i c s  ' a r e  
r e s o l v e d  by conbinuous weight-gain measurements. Within s e l e c t e d  
o x i d a t i o n  regimes ( n u c l e a t i o n ,  p r o t e c t i v e ,  and breakaway s t a g e s )  t h e  
ox id ized  specimen . i s  cooled and Mb'ssbauer s p e c t r a  are obta ined.  Phase 
changes a r e  monitored and i d e n t i f i e d ,  bo th  i n  t h e  o x i d e  phase  ( v i a  ox ide  
s t r i p p i n g )  a n d . i n  t h e  m e t a l l i c  s u b s t r a t e .  X-ray and e l e c t r o n  microprobe 
a n a l y s e s  a r e  used i n  con junc t ion  w i t h  t h e  Mb'ssbauer spec t roscopy  t o  
e l u c i d a t e  t h e  o x i d a t i o n  p rocesses .  &.d. D i s s e r t a t i o n ,  s t a r t e d  1970, 
work completed 1/73. 

- "Response of He/CH4 P r o p o r t i o n a l  Counter  t o  E l e c t r o n  I r r a d i a t i o n s  i n  t h e  
Range 5-10 k e ~ . ' "  The p r o p o r t i o n i n g  c h a r a c t e r i s t i c s  of He/CH - f i l l e d  gas 
c o u n t e r s  t o  low energy,  e l e c t r o n  i r r a d i a t i o n  are r e s o  4 ved. The 
l i m i t a t i o n s  on energy r e s o l u t i o n  imposed by d e t e c t o r  geometry, m a t e r i a l  
of c o n s t r u c t i o n ,  g a s  composit ion,  a p p l i e d  v o l t a g e ,  background r a d i a t i o n ,  
and pulse-shaping c i r c u i t r y  a r e  i d e n t i f i e d .  System parameters  of 
importance t o  energy r e s o l u t i o n  a r e  optimized.  MS T h e s i s ,  s t a r t e d  1971, 
completed 617 2. 

- "Corrosion S t u d i e s  Using B a c k s c a t t e r i n g  Mtissbauer Spect roscopy and 
E l e c t r o n  Energy Resolution." T h i s  t h e o r e t i c a l  s t u d y  i n v e s t i g a t e s  t h e  
p o s s i b i l i t y  of o b t a i n i n g  s p a t i a l l y  r e s o l v e d  Mb'ssbauer s p e c t r a  v i a  energy 
a n a l y s i s  of  convers ion e l e c t r o n s  e m i t t e d  d u r i n g  t h e  resonance a b s o r p t i o n  
and d e - e x c i t a t i o n  of Fe-57. A p p l i c a t i o n  of t h i s  t echn ique  t o  t h e  ,. 

e l u c i d a t i o n  of oxide-growth p r o c e s s e s  on a u s t e n i t i c  steels a r e  made. 
Ph.D. D i s s e r t a t i o n ,  s t a r t e d  1971, work n e a r  .completion. 
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Research a t  Euratom was performed i n  t h e  Chemistry Department and invo lved  t h e  
d e t e r m i n a t i n n  nf carbnn s e l f - d i f f u e i v i t i e c  in u r a n i m  n ~ o n ~ c a ~ l ~ l r l r .  A number of 
t echn iques  were used,  i n c l u d i n g  b e t a  (C-14) r a y  d e g r a d a t i o n  and specimen 
vvcLioning v i a  c a t h o d i c  s p u t t e r i n g .  

e Research a t  Lawrence R a d i a t i o n  Labora to ry ,  Berkeley: 
(6162-316 7; Supervisor :  Donald Olander)  

- L i t e r a t u r e  review and d a t a  a n a l y s i s  of r e a c t i o n  mechanisms a s s o c i a t e d  w i t h  
the g a s i f i c a t i o h  of cerbon by hydrogen* 

- Exper imenta l  s t u d y  of hydrogen d i s s o c i a t i o n  a t  t an ta lum s u r f a c e s  u s i n g  
molecular  beam/mass s p e c t r o m e t r i c  t echn iques  (Ph.D. D i s s e r t a t i o n ) .  
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LANL P o s i t i o n s  - M r .  B u t l e r  h a s  been invo ived  i n  t h e  thermomechanical and 
s t r u c t u r a l  a n a l y s i s  of r e a c t o r  components exposed t o  bo th  normal o p e r a t i n g  and 
a c c i d e n t  c o n d i t i o n s .  Some of t h e s e  components a r e  v e r y  complex g e o m e t r i c a l l y  
and  a r e  t y p i c a l l y  exposed t o  combinat ions  of s u r f a c e  connect ion,  conduct ion,  
and r a d i a t i o n  h e a t  l o a d s  a s  w e l l  as p r e s u r e  and g r a v i t y  loads .  The response  is 
g e n e r a l l y  non l inea r .  Be' was p r i n c i p l e  i n v e s t i g a t o r  on a p r o j e c t  t o  develop 
a n a l y t i c a l  methods f o r  e v a l u a t i n g  n u c l e a r  m a t e r i a l  s h i p p i n g  c o n t a i n e r s  when 
t h e y  a r e  s u b j e c t e d  t o  a c c i d e n t '  c o n d i t i o n s .  T h i s  involved t h e  c a l c u l a t i o n  of 
h i g h l y  n o n l i n e a r  m a t e r i a l  and g e o m e t r i c a l  response.  M r .  B u t l e r  p a r t i c i p a t e d  i n  
s e v e r a l  exper imenta l  programs w i t h  o t h e r  n a t i o n a l  l a b o r a t o r i e s  t o  o b t a i n  
s u b s t a n t i a t i n g  d a t a  f o r  h i s  modeling work. 

P r e v i o u s  A s s o c i a t i o n s  - A t  t h e  Lockheed M i s s l e s  and Space Company M r .  B u t l e r  
was invo lved  i n  t h e  a n a l y s i s  of t h e  s t r u c t u r a l  response  of s p a c e c r a f t  t o  launch 
l o a d s  and on-orbi t  e x c i t a t i o n s .  He was a l s o  invo lved  i n  developing a n a l y t i c a l  
t e c h n i q u e s  f o r  performing t h e s e  c a l c u l a t i o n s .  C a l c u l a t i o n s  were normally 
c o r r e l a t e d  w i t h  e i t h e r  a c t u a l  launch and o r b i t a l  d a t a  o r  ground tests 
s p e c i f i c a l l y  des igned t o  v e r i f y  a n a l y t i c a l  models. M r .  B u t l e r  was a l s o  
d i r e c t l y  involved i n  l i a i s o n  w i t h  s u b c o n t r a c t o r s ,  p a r t i c u l a r l y  i n  t h e  a r e a  of 
equipment q u a l i f i c a t i o n  f o r  v i b r a t i o n  environments.  
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Fol lowing are  Appendix H from the GA-EG&G Idaho expression o f  i n t e r e s t  f o r  TPE- 

I I and an e x t r a c t  (pp 36-41) from our proposal on t h a t  program which describes . 
the tungsten mesh furnace f a c i  1 i t y .  Photographs have been omitted.  



H. FACILITIES AND RESOURCES 

H . l  BENCH SCALE FACILITIES 

The c a p a b i l i t i e s . a v a i l a b l e  a t  General  Atomic and EG&G f o r  bench s c a l e  

thermal-hydraul ic ,  mechanical  and m a t e r i a l s  s c i e n c e  and e n g i n e e r i n g  

t e s t i n g .  i n c l u d e  a broad range of s k i l l s  and f a c i l i t i e s  s u i t a b l e  f o r  

e v a l u a t i o n  and t e s t i n g  of m e t a l l i c  and ceramic m a t e r i a l s  f o r  a v a r i e t y  of 

s o p h i s t i c a t e d  a p p l i c a t i o n s .  These c a p a b i l i t i e s  a r e  a p p l i c a b l e  t o  the  

e v a l u a t i o n  of equipment used i n  a wide v a r i e t y  of temperature  environments 

found i n  power g e n e r a t i o n  f a c i l i t i e s ,  pe t rochemical  p l a n t s ,  advanced 

energy, -convers ion sys tems,  e t c .  and w i l l  & . d i r e c t l y  a p p l i c a b l e  . to  TPE 11. 

A f u l l  complement of l a b o r a t o r y  f a c i l i t i e s  and equipment developed f o r  

G A ' s  HTGR, GCFR and Fusion programs, and f o r  EG&G1s.LWR and LMFBR program 

and t h e  a v a i l a b i l i t i  of many s c i e n t i f i c  and e n g i n e e r i n g  pe r sonne l  (such a s  

P h y s i c i s t s ,  Chemists ,  ~ e c h a n i c a l  Engineers ,  S t r e s s  Ana lys t s ,  e t c . )  enab les  

t h e  t e s t i n g  and m a t e r i a l s  groups e f f e c t i v e l y  t o  perform programs t h a t  

r e q u i r e  i n t e r d i s c i p l i n a r y  s k i l l s .  

Some examples c a p a b i l i t i e s  a v a i l a b l e  a r e  a s  fo l lows :  

Creep, r u p t u r e ,  f a t i g u e ,  c reep- fa t igue  and r e l a t e d  behaviors  can be 

s t u d i e d  i n  e l e v a t e d  t empera tu re ,  mechanical  p r o p e r t i e s  and behavior t e s t  

f a c i l i t i e s .  Some c u r r e n t  programs emphasize t h e  e f f e c t s  of unusual  

environments ( such  a s  helium and l i q u i d  m e t a l s )  on t h e s e  p r o p e r t i e s  of 

both meta l s  and ceramics .  S ince  much of t h i s  work is c a r r i e d  o u t  t o  

suppor t  the  des ign  of nuc lea r  components f o r  s o p h i s t i c a t e d  Codes (such a s  

ASME Code Case N-47), t h e  d a t a  g e n e r a t e d  can be g iven  the  most e x a c t i n g  

a n a l y s i s .  

Cor ros ion  btihavior i n  e l e v a t e d  temperature  gaseous  environments 

c a p a b i l i t i e s  i n c l u d e s  t h e  a b i l i t y  not  on ly  t o  perform t e s t i n g  but  a l s o  t o  

ana lyze .  r e s u l t i n g  d a t a  i n  terms of k i n e t i c  and thermodynamic models. . 



Corrosion behavior i n  moderate temperature steam and water environ- 

ments c a p a b i l i t i e s  inc lude  eva lua t ion  of gene ra l  corrosion;  e ros ion  

co r ros ion ,  s t r e s s  cor ros ion  cracking,  e t c .  

F r i c t i o n  wear and f r e t t i n g  behavior eva lua t ions  can be performed i n  a 

v a r i e t y  of test f a c i l i t y  environments. These test c a p a b i l i t i e s  a r e  

supplemented by f a c i l i t i e s  f o r  producing spec i a l i zed  coa t ings  f o r  phys ica l  

vapor depos i t ion ,  chemical vapor depos i t ion  and ion p l a t i n g  methods and by 

a n a l y t i c a l  s t a f f  capable  of performing r equ i r ed ' a s soc i a t ed  flow-induced 

v i b r a t i o n  and r e l a t e d  s tud i e s .  

Fab r i ca t i on  and jo in ing  s t u d i e s  can be performed i n  l a b o r a t o r i e s  and 

s i m i l a r  f a c i l i t i e s  using both convent ional  and unconventional welding and 

brazing equipment and techniques.  The e f f e c t s  of fabrication-induced cold 

work on m a t e r i a l s  behavior can be evaluated along with the e f f e c t s  of 

r e s i d u a l  stresses. S tud ie s  of the s p a t i a l  d i s t r i b u t i o n  of p rope r t i e s  i n  

both m e t a l l i c  and ceramic ma te r i a l s  can be performed. 

~ i c r o s t r u c t u r a i  c h a r a c t e r i s t i c s  of ma te r i a l s  can be evaluated i n  g r e a t  

depth by use of t h e  e l e c t r o n  microscope, scanning microscope, microprobe 

ana lyze r ,  X-ray d i f f r a c t i o n  and r e l a t e d  a n a l y t i c a l  equipment a v a i l a b l e  a t  

GA and EG&G. Expert s t a f f  provide complete i n t e r p r e t a t i o n s  and models of 

mic ros t ruc tu re  development i n  both m e t a l l i c  and ceramic ma te r i a l s .  

H.2 WATER TEST FACILITIES 

EGdG ope ra t e s  s e v e r a l  high pressure and temperature water t e s t  loops 

i n  support of i t s  f i s s i o n  r eac to r  t e s t  programs. Major f a c i l i t i e s  a t  EG&G 

of t h i s  kind a r e  l i s t e d  i n  Table H.2-1. One o r  more of these f a c i l i t i e s  

may be used i n  connection with TPE 11. Several  of these f a c i l i t i e s  w i l l  

be descr ibed i n  a d d i t i o n a l  d e t a i l  t o  i l l u s t r a t e  the range of capab i l i t y .  



TABLE H.2-1 
E.G.&G. TEST LOOPS 

Ambient Flow 
Calibration 

MTRIETR Test 
Loop 

Ballistic Flow 
Calibration 

Shim Rod Loop 

. ATR Safety Rod 
Drive 

High Temperature 
Hydraulic Test 
. . 

AirIWater 

High Temperaturs 

Fast Loop 

Blowdown .Facflity 

Two-Phase Flow 
Loop 

Location 

ARA- 3 

TRA 

ARA- 3 

TRA 

TRA 

TRA . . 

- .  
TAN 

ARA- 3 

TAN-LTSF 

TAN-LTSF 

TAN-LTSF 

Pressure Temp. 
Type MPa 0 C 

Water 2.1 52 

Water 1.8 6 5 

Water 0.8 65 

Water 3.2 115 

Water 3.2 115 

Water 7.7 260 . 

AirIWater 2.2 9 3. 

Water 7.8 279 

Water 15.6 288 

Flow Rate 
i3/ Status 

0.0'1 7 operat ibna.1 

0.038 Operational 

0.076 Operational 

0.006 Operational 

0.05 Operational 

0.076 Operational 

1.411.05 Operational 

0.019 Operational 

0.303 . Operational 

0.445 Operational 



Two-Phase Flow  loo^ 

The EG&G Two Phase Flow Loop (TPFL) is  a  l a r g e ,  h igh temperature  s t e a w  

wate r  t e s t  f a c i l i t y .  T h i s  loop,  shown s c h e m a t i c a l l y  i n  Fig.  H.2-1, 

c o n s i s t s  of f o u r  l a r g e  steam supply  v e s s e l s  t h a t  produce steam by 

c o n t r o l l e d  f l a s h i n g ,  a  mois tu re  s e p a r a t o r ,  an independent pumped and 

m'etered 'water loop,  a two-phase mixing s e c t i o n  and a  steam s e p a r a t o r  t h a t  

p e r m i t s .  o p e r a t i o n  wi th  a  range of steam-water mixtures .  Loop o p e r a t i n g  

c h a r a c t e r i s t i c s  a r e  g iven  i n  Table  H.2-2. 

TPFL i n s t r u m e n t a t i o n  i n c l u d e s  loop i n s t r u m e n t a t i o n ,  a s  w e l l  a s  a  

tomographic dens i tomete r ,  t r a v e r s i n g  impedance probes,  p i t o t  tubes ,  and 

s i x  b e t a l g a m a  dens i tomete rs .  

Two-phase f l o w . c o n d i t i o n s  can be  mainta ined a t  c o n s t a n t  p r e s s u r e  and 

temperature  u n t i l  t h e  p r e s s u r e  i n  the  v e s s e l s  can no longer  d r i v e  t h e  

s team through t h e  sys tem (approximately  4 minutes  a t  maximum steam f low 

c o n d i t i o n s  a t  6.7 MPa (1000 p s i )  and p r o p o r t i o n a l l y  longer  a t  lower 

f lows) .  'Tests can a l s o  be conducted wi th  subcooled o r  s a t u r a t e d ,  s i n g l e  

phase,  high t empera tu re  wa te r  o r  s i n g l e  phase s a t u r a t e d  steam pass ing  

through the  t e s t  sec t lon .  

Blowdown Loop 

The blowdown loop shown on Fig .  H.2-2 ' i s  an exper imental  a p p a r a t u s  

des igned f o r  ins t rument  c a l i b r a t i o n ,  component t e s t i n g  and h e a t  t r a n s f e r  

exper iments  i n  s imula ted  PWR s teady-s ta te  and t r a n s i e n t  environments.  It 

o p e r a t e s  up, t o  a  s t e a d y  s t a t e  p r e s s u r e  of 15.5 MPa (2250 p s i )  and up t o  a  

temperature  of 556 K (550 F), and has a  volume of 0.322 m3 (85 g a l ) .  The 

system i n c l u d e s  t h r e e  i n t e r c o u p l e d  loops  b u i l t  around a 0.277 m3 (60 g a l )  

p r e s s u r e  v e s s e l  and has  a quick-opening blowdown va lve .  I n  t h i s  system, 

two d i f f e r e n t  b a s i c  c o n f i g u r a t i o n s ,  a  small t e s t  loop and a l a r g e  test 

loop,  can be blown down. The system c o n s i s t s  of a l l  f l anged  piping, .  and 

major m o d i f i c a t i o n s  a r e  r o u t i n e l y  made i n  on ly  a  few days. During a 

two-shift  day of t e s t i n g ,  t h r e e  t o  f i v e  s h o r t  d u r a t i o n  blowdowns ,and one 

complete system blowdown can be completed. 



Steam supply . 

,Steam supply tank 

. Steam supply tank ' 

No. 4 

INEL-S-26 881 

Fig.  H.2-1  Two Phase Flow Loop 



TABLE H.2-2 
EGCG TWO PHASE FLOW LOOP DESIGN FEATURES 

S I English 

GENERAL CHAMCTERISTICS 

Maximum pressure 6.9 MPa 1000 Psi 

Maximum steam mass flow rate 25 kg/s 55 lbmls 

Maximum circulating water mass flow rate 420 kgls 924 lhm/s 

Maximum pressure drop for the steam 3 MFa 435 Psi 

Total volume of l n o p  110 m 3 3885 ft3 

Water volume 15 m3 530 ft3 

Steam supply vessels volume 85 m3 3000 ft3 

2. LIQUID SUPPLY SYSTEM 

Maximum volume flow rate 

Pump head at 9000 GPM 

NPSH required at 9000 

Power of diesel drive motor 

3. STEAM SUPPLY SYSTEM 

Steam Generator Maximum thermal power 

Storage tank steam supply 

2100 m3/h 9000 GPM 

73 m 940 ft 

4 m 13.1 ft 

522 kW 700 Hp 

85 m3 of 3000 ft of 
Sat Water Sat Water 
10.4 MPa 1500 Psi 



Blowdow 

Fig. H.2-2. Blowdoh Loop 



The major t e s t  assembly components inc lude  a p r e s s u r e  v e s s e l ,  a 

r e c i r c u l a t i o n  pump, t h r e e  e l e c t r i c a l  h e a t e r  rod v e s s e l s ,  a  t e s t  s e c t i o n ,  

and a  c o o l a n t  i n j e c t i o n  system. Remotely c o n t r o l l e d  v a l v e s  a r e  i n s t a l l e d  

i n  t h e  system t o  a l l o w  f l e x i b i l i t y  i n  f low path  s e l e c t i o n .  

F u l l  Area S teady  S t a t e  Loop 

The Full-Area Steady S t a t e  (FAST) loop is a  high-pressure  7.72 MPa 

(1120 p s i ) ,  h igh- temperature  552 K (535 F ) ,  high-mass f l u x  302 l / s  (4800 

gpm) subcooled-water , s t e a d y - s t a t e  t e s t  system. A p r e s s u r i z e r ,  t h e  pump 

i n p u t  energy,  and a  h e a t  exchanger a r e  t h e  primary means used t o  c o n t r o l  

p r e s s u r e  and temperature .  The unique c o n f i g u r a t i o n  of t h e  system a l lows  

s ing le -phase ,  con t inuous  f low i n  e i t h e r  d i r e c t i o n  through t h e  loop. Three 

t e s t  s e c t i o n s  a r e  i n s t a l l e d ,  one h o r i z o n t a l  and two v e r t i c a l .  One 

v e r t i c a l  s e c t i o n  i s  5.5 m (18 f t )  long by 45 cm (18  i n . )  i n  diameter,,  t h e  

o t h e r  is  5.5 m long by 15 cm diam. The h o r i z o n t a l  t e s t  s e c t i o n  can 

accommodate i n s t r u m e n t s  i n  a  Sweepolet-type i n s e r t i o n  p o r t .  The 

h o r i z o n t a l  t e s t  s e c t i o n  is  2.44 m (8  i t )  long by 35 c m  (14 i n . )  diam. The 

system was f a b r i c a t e d  from 304 s t a i n l e s s  s t e e l  throughout ,  and t h e  volume 

is  1.72 m3 (405 g a l ) .  The FAST l o o p  t e s t  assembly is i l l u s t r a t e d  i n  Fig. 

H.2-3. 

Other  F a c i l i t i e s  

The t e s t  loops  l i s t e d '  i n  Table  H.2-1 a r e  e s s e n t i a l l y  s p e c i a l i z e d  

f a c i l i t i e s  des igned  t o  perform s p e c i f i c ,  s e p a r a t e - e f f e c t s  type  t e s t s .  

There  a r e  a l s o  a t  E G ~ G  some i n t e g r a t e d  t e s t  f a c i l i t i e s  designed t o  

i n v e s t i g a t e  e f f e c t s  on i n t e g r a t e d  systems of the rmal /hydrua l i c  f a i l u r e s .  

One of these  is t h e  Semiscale  Mod-2A system shown i n  Fig. H.2-4. 

The Mod-2A system has a  s imula ted  r e a c t o r  v e s s e l  wi th  up t o  25 

e l e c t r i c a l l y - h e a t e d  P r e s s u r i z e d  Water Reactor  (PWR) " f u e l  rods". Two 

c i r c u l a t i n g  l o o p s  s i m u l a t e  a  broken loop and an i n t a c t  loop of a  PWR 

r e a c t o r  t h a t  has  s u f f e r e d  a  p ipe  break [ loss-of-coolant  a c c i d e n t  (LOCA)]. 



Fig; H.2-3. Fb11 Area steady State Loop 

. ., * .. - 

PE 
PDE 
TE 
LI 
FE 

Pressure element 
Differential pressure element 
Temperature element 
Level indication 
Flow turbine 

Construction malerial is 
304/316 Stainless Steel 



- Type II steam generator 
(intact loop) 

Speclal Features: 

Instrumented SG 
e Honeycomb insulation 

New core 

Pressure --+ Break assembly 

Pump suction -+ 

Vessel downcomer 

1 

F i g .  H.2-4. Semiscale Mod-2A System 



,. TABLE H.2-3 
SEMISCALE MOD-2A OPERATING CONDITIONS 

Characteristic Requirement 

Design Pressure 2500 psig 17.1 MPa 

Design Temperature 650°F 3'50" c 

Steady State Conditions 

Pressure 

Inlet Temperature 

Outlet Temperature 

Coolant Flowrate 

Total Power 

Transient 

2250 psig 15.4 MPa 

210 gpm 13.2 l/s 

2 MW 

Simultaneous rapid fluid thermal 
transients from 324" to 65°C and 
rapid pressure transient from 15.4 
to 0.1 MPa without damage. 



It has emergency c o r e  coo lan t  systems (ECCS) modeled a f t e r  a l a r g e  PWR. 

The v e s s e l  w i l l  hold  a 12 f o o t  long PWR 25 f u e l  rod bundle,  t h a t  is 

e l e c t r i c a l l y  heated.  The des ign  s p e c i f i c a t i o n s  a r e  l i s t e d  i n  Table  H.2-3. 

It is  a h i g h l y  f l e x i b l e  system i n  t h a t  i t  can be conf igured t o  s imula te  a 

v a r i e t y  of even t s .  It could be used i n  FW/B/S non-nuclear t e s t i n g  t o  

i n v e s t i g a t e  s i m i l a r  k i n d s  of f a i l u r e  s c e n a r i o s .  

H.3 HELIUM TEST FACILITIES 

A i r  Flow T e s t  F a c i l i t y  
. .. - - . A  

I I t l i i i m  f low t e a r s  tail Le s i l u u l a ~ e d  aL vuiy luw c u s t  I n  General  A t o m i c  

Company's a i r  f low test f a c i l i t y  ( s e e  Fig.  H.3-1 f o r  a schematic) .  It is  

housed i n  an enc losed  2200-sq-ft b u i l d i n g  wi th  a 3-ton br idge crane;  t e s t  

models a s  h igh as 10 m (33 i t )  can be accommodated. Larger  models, up t o  

23 m (75 f t ) ,  can be i n s t a l l e d  i n  an a d j a c e n t  tower us ing  two c ranes  wi th  

a c a p a c i t y  of 15 tons .  Both b u i l d i n g s  o f f e r  easy access  f o r  s p e c i a l  

hand l ing  dev ices .  

Three blowers of 185 kW (250 hp) each comprise the  primary air-moving 

system. These blowers can be o p e r a t e d  e i t h e r  i n  p a r a l l e l  t o  provide a i r  

f low r a t e s .  up t o  19 m 3 / s  (40,000 SCFM) w i t h  a 17 kPa (2.5 p s i )  p r e s s u r e  

r i s e  oy i n  s e r i e s  t o  provide 5.6 m 3 / s  (12,000 SCFM) w i t h  a 34 k P i  (5  p s i )  

p r e s s u r e  rise. A s i n g l e  670 kW (900-hp) blower can provide 2 1  m3/s  

(45,000 SCFM) w i t h  a 34 kPa (5-psi)  p r e s s u r e  r i se . '  S e v e r a l  low-capacity 

air-moving sources  a r e  a l s o  a v a i l a b l e .  A 90-kW h e a t e r  bank combined with 

a 2.8 m 3 / s  (6000-cu-f t /min) a i r  blower is  a v a i l a b l e  f o r  a p p l i c a t i o n s  

r e q u i r i n g  a h e a t e d  a i r  source .  

I n s t r u m e n t a t i o n  i n c l u d e s  many types  and s i z e s  of f lowmeters,  thermo- 

couple r e f e r e n c e  j u n c t i o n s ,  hot-wire anemometry g e a r ,  a c o u s t i c  and 

vibra t ion-measur ing equipment, helium-gas-concentration measuring 

equipment, and s t a n d a r d  and s p e c i a l t y  p r e s s u r e  probes. Accurate p r e s s u r e  

probe c a l i b r a t i o n s  a r e  accomplished by means of an o p t i c a l l y  a l i g n e d  wind 

tunne l  and alignment bed. 



A d i g i t a l  computer is used t o  c o n t r o l  p r e s s u r e  and temperature  high- , 

speed d a t a  c o l l e c t i o n  (400 d a t a  p o i n t s  s i m u l t a n e o u s l y )  and t o  perform 

smal l -scale  d a t a  r e d u c t i o n .  

HOT GAS TEST FACILITY 

. . 
The $4 M Hot Gas Tes t  F a c i l i t y  a t  General  Atomic Co. is housed i n  an 

enc losed  8000-sq-ft b u i l d i n g  wi th  a  15-ton overhead b r idge  c rane  (s.ee F i g .  

H.3-2 f o r  a  schemat ic) .  Th i s  f a c i l i t y ,  des igned i n i t i a l l y ' t o  t e s t  main 

helium c i r c u l a t o r s  HTGR's, c o n s i s t s  of two c l o s e d  loops:  

1. A non-condensing steam loop powered by a n  e l e c t r i c  motor dr iven '  6  

MW (8000 horsepower) mul t i - s t age  c e n t r i f u g a l  compressor 

c i r c u l a t i n g  22.7 k g / s  (50 l b s / s )  steam a t  385°C ( 7 2 5 " ~ )  and 0.9 

MPa (126 p s i a )  d i s c h a r g e  p r e s s u r e .  The compression p r e s s u r e  

r a t i o  is 2.2 a l lowing  f o r  s o n i c  v e l o c i t y  tests o r  f o r  d r i v i n g  

steam t u r b i n e s  w i t h  up t o  163 kJ /kg (70 b t u / l b )  en tha lpy  drop. 

T h i s  loop can a l s o  be opera td  wi th  helium a s  t h e  f lowing medium 

t o  t e s t  components i n  an  a u x i l i a r y  t e s t .  s e c t i o n .  Temperatures 

and p r e s s u r e s  a r e  s i m i l a r  t o  those  wi th  steam. 

2. Helium loop.  T h i s  is a  c l o s e d  loop w i t h  a  d e s i g n  c a p a c i t y  o f  49 

kg / sec  (107 l b / s e c )  helium f low a t  330°C (625°F). i n l e t  p r e s s u r e  

of 1'MPa (147 p s i a )  and a  p r e s s u r e  rise o f  34 KPa ( 5  p s i ) .  The 

f low i n  t h i s  loop  i s  genera ted  by the  hel ium c i r c u l a t o r  d r i v e n  by 

t h e  above d e s c r i b e d  steam loop.  T h i s  loop i s  housed i n s i d e  a 4 m 

(156in . )  d iamete r ,  5 m (16 f t )  t a l l ,  p r e s s u r e  v e s s e l  r a t e d  a t  1.4 

M P ~  (200 p s i g ) .  Th i s  loop could  be e a s i l y  adapted t o  c i r c u l a t e  

o t h e r  gases .  The main helium v e s s e l  h a s  two f l a n g e s  which can be 

used t o  p ipe  t h e  ho t  g a s  o u t s i d e  of t h e  v e s s e l  t o  ano the r  test 

v e s s e l  and back. Th i s  can be combined wi th  an a f t e r h e a t e r  and 

p r e c o o l e r  a l lowing  f o r  the  t e s t i n g  a t  t empera tu res  up t o  870°C 

( 1 6 0 0 ° ~ ) ,  p r e s s u r e  of 5.5 MPa (800 p s i a ) ,  a  f low r a t e  of 32 

kg / sec  (70 l b / s e c ) ,  and a  p r e s s u r e  drop of 0.1 MPa ( 1 5  p s i a ) .  

Typical. v e l o c i t i e s  in t h i s  loop  could  go a s  h i g h  as 300 m / s  (1000 

f t / s e c ) .  



BLOWER 4 '  BLOWER 3 BLOWER 2 
900 FEP 250 HP 250 HP 

~ i g .  ' H. 3-1. Schematic of Air Flow Test Faci l i ty  



Speed c o n t r o l  va lve  

Bypass va lve  

Temperature c o n t r o l  v a l v e  

Secondary gas  flow c o n t r o l  v a l v e  

Motor 8000 h~ 

Primary g a s  compressor 

Secondarp gas  compressor 

T.urbine 

Primary gas  coo le r  

Secondary gas  coo le r  

Fig.  H.3-2. Hot Gas Tes t  F a c i 1 i . t ~  Schematic 



This  is a  h igh ly  automated f a c i l i t y  with e l abo ra t e  data  a c q u i s i t i o n  

system s u i t a b l e  f o r  ope ra t i ona l  f l e x i b i l i t y  with respec t  t o  flow, 

temperature and pressure .  Instrumentat ion and c o n t r o l s  f o r  the loops 

c o n s i s t  of nuc lear  grade Foxboro Spec 200 components and systems. 

I n t e r l o c k  and p ro t ec t i on  c i r c u i t s  a r e  provided f o r  s a f e  opera t ion  and 

shutdown of t h e  loops.  . Exis t ing  test ins t rumenta t ion  is. a v a i l a b l e  t o  

monitor mu l t i p l e  channels  of temperature ,  p ressure  and flow and f o r  

r o t a t i n g  parameters such a s  speed, v i b r a t i o n  and wobble. 
. I  

Helium P l a w I V i b ~ a ~ i o n  Tcot Rig 

The helium f lowlv ib ra t i on  test r i g  a t  General Atomic Co. c o n s i s t s  of a  

c losed  s t a i n l e s s  steel loop with a  t e s t  chamber i n  which helium flows a t  

s p e c i f i e d  condi t ions .  The t e s t  loop i s  loca ted  i n  the west p i t  of the 

t e s t  bay a rea  of t h e  GA hot gas  t e s t  f a c i l i t y  with f u l l  access  t o  

ex t ens ive  ins t rumenta t ion 'and  support equipment. A compressor c i r c u l a t e s  

helium through the  t e s t  chamber and then through a  heat  exchanger where 

t he  excess hea t  i s  removed. A bypass l i n e  around the t e s t  chamber permits 

c o n t r o l  of t h e  mass flow r a t e  through the t e s t  specimen. Temperature 

c o n t r o l  is  achieved with a  bypass l i n e  around the hea t  exchanger. 

The ins t rumenta t ion  of the  loop includes temperatures and pressure  

gauges and flowmeters. Mass flow r a t e s  of helium a r e  determined with 

o r i f i c e  flo'wmeters l oca t ed  a t  the  o u t l e t  of the compressor and a t  the 

o u t l e t  of the t e s t  chamber. The opera t ion  and con t ro l  of the loop is 

e n t i r e l y  manual. 

The t e s t  v e s s e l  c o n s i s t s  of a  0.2 m (8  i n . )  by 3 m (10 f t )  long tube 

which is joined t o  t h e  loop by bol ted f langes .  However, by using these  

f l anges  any o the r  ves se l  s i z e s  o r  shapes could be e a s i l y  adapted. 

Curren t ly  the . t e s t  condi t ions  a r e  temperatures up t o  2 0 0 ' ~  ( 4 0 0 ° ~ ) ,  

p r e s su re s  t o  5.gaMPa (850 p s i a ) ,  and a flow of 0.08 d / s  (180 acfm)., 



Core Flow T e s t   loo^ 

General  Atomic has  p a r t i c i p a t e d  i n  t h e  d e s i g n  and c o n s t r u c t i o n  of t h e  

$40 M Core  low T e s t  Loop l o c a t e d  a t  ORNL. Th i s  f a c i l i t y  could  be used 

f o r  helium-cooled b lanke t  t e s t s  and w i l l  be inc luded  i n  t h e  t e s t  f a c i l i t y  

e v a l u a t i o n s  done i n  TPE 11. The f a c i l i t y  is capab le  of t h e  c o n d i t i o n s  

shown on Tab le  H.3-1. 

H.4 LIQUID METAL TEST FACILITIES 

To suppor t  t h e  L iqu id  Metal  F a s t  Breeder Reac to r  t e s t  , e f f o r t ,  a  

F i l l i n g ,  S to rage  and ~ e m e l t  (FSCR) F a c i l i t y  w a s  c o n s t r u c t e d  i n  t h e  EGCG 

ETR f a c i l i t y .  T h i s  f a c i l i t y  i s  comprised of an  experiment assembly i n  a 

s h i e l d e d  t e s t  c e l l ,  a  sodium c i r c u l a t i n g  and p u r i f i c a t i o n  system,. a  vacuum 

system, and a l a r g e  oven f o r  h e a t i n g  t e s t  components t o  300°C (500°F). 

(The t e s t  space  is  approximate ly  50 cm (19 in . )  d iamete r  by 90 m (27  f t )  

long) .  The FSCR i s  used f o r  out-of-pi le  v e r i f i c a t i o n  t e s t i n g .  To 

accomplish t h i s ,  over  250 channe l s  of .da ta  a c q u i s i t i o n  t i e - i n ' s  a r e  

a v a i l a b l e  i n  t h e  FSCR .as  w e l l  a s  a t i e - i n  t o  the  SLSF helium system. The . .. 

f a c i l i t y  is shown i n  Fig. H.4-1. 

I n  a d d i t i o n ,  the  FSCR i s  equipped wi th  ano the r  smal l  t e s t  loop,  c a l l e d  

the  Component T e s t  Loop f o r  t e s t i n g  components i n  a h igh temperature  

l i q u i d  meta l  environment above 600 O C  ( 1000 OF). 

The i n i t i a l  t e s t i n g  of b lanke t  modules us ing l i q u i d  l i t h i u m  could be 

s imula ted  us ing  l i q u i d  sodium. The sodium h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  

could  be s c a l e d  f o r  l i t h i u m ,  thus  p e r m i t t i n g  t e s t i n g  w i t h  a minimum of 

mndi . f ica t ions  t o  the FSdR f a c i l i t y .  

While t h e  b lanket  modules would not use sodium, s i m i l a r  types  of 

sys tems would k r e q u i r e d  t o  suppor t  the  assembly and out-of-pi le  t e s t i n g  

of FW/B/S components. The i n s t a l l e d  sodium charg ing  equipment is s k i d  

mounted t o  permit removal and replacement by o t h e r  systems.  The oven 

des ign would be s p e c i f i c  t o  t h e  module o r  components being t e s t e d .  



TABLE H. 3- 1 
MAIN CHARACTERISTICS OF THE CORE FLOW TEST LOOP (CFTL) 

Design Pressure: 11.8 MPa (1715 psia) 

operating Pressure: Ambient to 10.6 MPa (1540 psia) 
. , 

Power : 0 to 4 FiW, controlled by 13 independent 
power supplies 

Transients: 

260 to 600'~. Atemperation flow 
arrangement allows otainlec~ ~teel 
melting (approximately 1350°C) in the 
test section. 

Full power to zero power in. 1 second 

Full Flow to zero flow in 1 second 

Full pressure to approximately ambient 
less than 1 minute 

A11 transients fully program controlled 

Helium Circulators: Centrifugal type with gas lubricated 
bearings, hermetically sealed 

Working Media :' Designed for helium with impurity 
control 

Flow Rate: 0 'to 3.2 kg/s. (circulators in series) ; 
t o  9.6 kg/s (circulators ,in parallel) 

Flow Measurement: Wide range, high accuracy vortex 
shedding flowmeters 

Data Acquisition: High speed ('10 kHz) 640 channels 
(uxpar.ldable) colnputes c o n t r o l . l . ~ d  



F i g .  H.4-1.. L iqu id  metal F i l l i n g ,  S t o r a g e  and Remelt (FS6R) F a c i l i t y . .  



H.5 FISSION TEST REACTORS 

Engineer ing  T e s t  R e a c t o r .  

A s  i n d i c a t e d  i n  S e c t i o n  C, i t  is  important  t h a t  n e a r l y  f u l l - s c a l e  

b lanke t  modules t o  be used i n  systems . t e s t i n g .  To t e s t  b lanke t s  a s  now 

8 perce ived  w i l l  r e q u i r e  l a r g e  volumes wi th  h i g h  bulk  h e a t i n g ,  s u r f a c e  

h e a t i n g ,  and neu t ron  f l u x e s .  No p r e s e n t  t e s t  f a c i l i t i e s  can provide a l l  

three eavif oilments . s imul taneously .  However, t h e  ' ~ n ~ i n e e r i n ~ .  T e s t  Reactor  

(ETR) a t  EG&G has  the f l e x i b i l i t y ,  t e s t  vol.ume, r a d i a t i o n  environment, and 

a v a i l a b i l i t y  r e q u i r e d  t o  conduct a  meaningful f i r s t  w a l l /  b lanket  systems 

t e s t  program. S e v e r a l  r e a c t o r s  have p a r t i a l  c a p a b i i i t i e s  f o r  s c a l e d  

sys tems  t e s t s  and component t e s t i n g ,  but none appear  t o  be a s  s u i t a b l e  a s  

t h e  ETR f o r  t e s t i n g  of t h i s  k ind ,  as set f o r t h  i n  Table  H.5-1. 

The ETR shown i n  Fig. H.5-1 is  unique i n  t h a t  it  c o n t a i n s ,  w i t h i n  t h e  

c o r e  reg ion ,  a l a r g e  number of exper imenta l  f a c i l i t i e s .  Th i s  p o i n t  i s  

i l l u s t r a t e d  i n  Fig.  H.5-2 which shows a  c r o s s  s e c t i o n  of t h e  r e a c t o r  

th rough  the  p r e s s u r e  v e s s e l .  The r e a c t o r  c o r e  occnp ies  a  mat r ix  of 100 

3  x  3-in. s q u a r e s  and,  o f  t h e s e ,  t h e  exper imenta l  f a c i l i t i e s  occupy 3 1  

p o s i t i o n s .  A s  shown i n  Fig.  H.5-2, t h e s e  f a c i l i t i e s  c o n s i s t  of t h r e e  6  x 

6-in. exper imenta l  h o l e s ,  four  3  x 3-in. ho le s ,  one 6  x 9-in. f a c i l i t y ,  

and one 9 x  9-in. exper imenta l  r eg ion .  Each of t h e s e  f a c i l i t i e s  i s  

surrounded by f u e l  and a l l  except  two of t h e  3  x  3-in. f a c i l i t i e s  a r e  

through ho les .  Th i s  means t h a t  .an experiment enclosed i n  a pipe  may e n t e r  

t h e  p r e s s u r e  v e s s e l  above the  c o r e ,  go complete ly  through one of the  

exper imental  h o l e s ,  come o u t  under t h e  g r i d  p l a t e  which suppor t s  t h e  c o r e ,  

and l e a v e  the  p r e s s u r e  v e s s e l  at. the bottom. Thns, i t  i s  p o s s i b l e  t o  

a r r a n g e  exper iments  i n  t h e  fow l  of se l f -con ta ined  loops t h a t  pass  

comple te ly  through the  r e a c t o r  c o r e  reg ion  and t h a t  may c o n t a i n  components 

such a s  f lowmeters,  pumps, h e a t  exchangers ,  e t c .  which a r e  i s o l a t e d  from 

t h e  r e a c t o r  equLpment and ins t rumenta t ion .  The des ign  of t h e s e  f a c i l i t i e s  

pe rmi t s  one t o  examine t h e  e f f e c t s  of h igh neutron and ganrma f l u x e s  on 

n u c l e a r  f u e l s ,  m a t e r i a l s ,  components, and complete s e c t i o n s  of dev ices  

which w i l l  o p e r a t e  i n  high r a d i a t i o n  f i e l d s .  



TABLE H. 5-1 
TEST REACTOR COMPARISONS 

Present 
Maximum Neutron 

Test Volume ' Flux . , ~ensity 
Reactor Availability (liters) (cm-2sec-l) Features 

MITR Possibly 2.1 3 x 1013 Thermal In-core thimbles 
1 x 1014 Fast 

QRR Immediate 3.6 1.5 x 1014 Thermal Replacement of fuel. 
4.5 x 1014 Fast element with 

experiment 

HFIR Partially 6.8 2.8 x 1015 Thermal 
1.3 x 1015 Fast 

ETR 'Immediate 48 2.5 x 1014 Thermal Versatility very 
(451a) 4.0 x 1014 Fast high 

EBR-I1 Immediate 3.0 2.0 x 1015 Fast 

FFTF Immediate 8.6 4.6 x 1015 Fast Any core fuel or 
reflector position 

'with core reconfiguration. 



HELIUM OUTLET 

REMOVABLE 
TOP CL-OSURE 

HELIUM INLET 

-GLAND SEAL RING 

TOP DOME FLANGE 

I N  - VESSEL SUPPORT 

IN -PILE LOOP 

CONTROL .ROD 
TIE DOWN ARMS 

CONTROL ROD 
GUIDE TUBE 

CORE FILLER PIECE 

Fig. H.5-1. Diagram of Engineering Test Reactor (ETR) showing 
an in-pile loop experiment in place. 



Fig. H. 5 - 2 .  ETR core canf iguratian cy i a r l~ i ca l  mudule. 

> 



Outs ide  t h e  c o r e  r e g i o n  and surrounding i t  i's a s l a b  bery l l ium 

r e f l e c t o r  t h a t  c o n t a i n s  a d d i t i o n a l  ' exper imental  h o l e s  i n t o  which c a p s u l e s  

c o n t a i n i n g  t e s t  m a t e r i a l s  may be placed.  Surrounding the  s l a b  bery l l ium 

r e f l e c t o r  i s  a r e g i o n  c o n t a i n i n g  aluminum r e f l e c t o r  p ieces .  Each 

r e f l e c t o r  p i e c e  c o n t a i n s  a ho le  i n t o  which samples may be placed,  and each 

p i e c e  is  removable s o  t h a t  l a r g e  exper imenta l  r e g i o n s  may be made 

a v a i l a b l e  i n  t h e  aluminum re f  l e c t o r  reg ion .  Two 6 x 6-in. and s i x  3 x 

3-in. through f a c i l i t i e s  s1,milar t o  those  i n  t h e  core  a r e  a l s o  con ta ined  

i n  t h e  aluminum r e f l e c t o r  reg ion .  u 

The r a d i a t i o n  environment of t h e  ETR can be t a i l o r e d  t o  provide a 

neu t ron  spectrum which, except  f o r  the 14 MeV s p i k e ,  is s i m i l a r  t o  the 

neu t ron  spectrum a n t i c i p a t e d  i n  t h e  f i r s t  w a l l  of a f u s i o n  r e a c t o r .  Th i s  

comparison f o r  a FW/B/S module employing 3 ~ e  t o  s i m u l a t e  s u r f a c e  hgating.  

i n  ETR is  shown i n  Fig .  H.5-3. The high f l u x  ( s e e  Table  H.5-1) w i l l  a l l o w  

a c c e l e r a t e d  t e s t i n g  of FW/B/S hardware. 

The c o r e  c o n f i g u r a t i o n  of t h e  ETR is  h i g h l y  f l e x i b l e .  By moving f u e l  

p l a t e  assembl ies  and c o n t r o l  r o d s  t o  d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  100 

element mat r ix ,  i t  is p o s s i b l e  t o  accommodate even l a r g e r  test i tems.  

Th i s  is  i l l u s t r a t e d  i n  Fig .  H.5-4 which shows a concep tua l  c o r e  

arranuement f o r  do ing  FW/B/S t e s t i n g .  

The ETR i s  a l s o  r e a d i l y  a v a i l a b l e .  P r e s e n t  programs planned f o r  i t  

w i l l  be completed by 1982. It has  t h e  p o t e n t i a l  t o  become a d e d i c a t e d  

f a c i l i t y ,  a l t h o u g h  economic advantages  accri ie from runnlug ."piggy-=back" 

exper iments  s imul taneous ly .  

Support1 ng  Subsystems. The exper imenta l  a i r  system a d j a c e n t  t o  the  

r e a c t o r  b u i l d i n g  p rov ides  a f low r a t e  of up t o  14 kg/sec  a t  p r e s s u r e s  of 

350 t o  2200 kPa. I n . a d d i t i o n ,  up t o  11 kg/sec  a i r f l o w  can be heated a t  

t empera tu res  i n ' t h e  range of 260 t o  650°C. 
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Fig. H.5-3. Comparison of fusion first wall neutron spectrum with that in a 

FW/B/S module with 3 ~ e  surface heating in ETR. 



The helium c i r c u l a t i o n  system now employed i n  the  SLSF has a  des ign  

c a p a b i l i t y  o f  0.83 kg/sec  a t  1700 kPa and a t  a maximum. temperature  o f  

600 OC. 

Liquid meta l  hand l ing  c a p a b i l i t y  i n  t h e  ETR i s  provided by the  

F a l l i n g ,  S to rage ,  and Remelt (FS&R) f a c i l i t y .  Th i s  system provides  a l l  

t h e  c a p a b i l i t i e s  n e c e s s a r y  t o  o p e r a t e  a  c losed  l i q u i d  metal  loop i n  the  
S 

ETR. D e t a i l s  on t h e  sys tem can be found i n  S e c t i o n  H.4. 

Summarr. The ETR has  t h e  f l e x i b i l i t y ,  r a d i a t i 6 n  environment,  and 

exper imenta l  volumes r e q u i r e d  f o r  s u c c e s s f u l  n u c l e a r  exper iments  on most 
, 

r e a l i s t i c  f i r s t  w a l l l b l a n k e t  concepts .  Liquid  metal loops  have been 

o p e r a t e d  s u c c e s s f u l l y  i n  t h e  r e a c t o r  s i n c e  1976. N e a r t e r m  t e s t i n g  could  

be done wi th  v e r y  l i t t l e  e x t e n s i o n  t o  the  e x i s t i n g  c a p a b i l i t y  f o r  SLSF 

t e s t i n g .  

i 

H.6 OTHER FACILITIES t! 

HqtC-e-11 F a c i l i t i e s  

Hot C e l l  f a c i l i t i e s  a t 'GA and EG&G i n c l u d e  equipment and e x p e r t i s e  

g i v i n g  a  range of c a p a b i l t t i e s .  S p e c i a l  c a p a b i l i t i e s  f o r  n o n d e s t r u c t i v e  

e v a l u a t i o n  i n c l u d e  f u e l  rod gamma scanning ( g r o s s  and i s o t o p i c ) ,  neutron 

radiography,  pulsed eddy c u r r e n t  scanning,  automated dimensional  measure- 

ment s and channel  spac ing  on f u e l  rod bundles. U i s t f  uCtiW2 ~ ~ i i l u z i ; i 6 d s  

i n c l u d e  gas  a n a l y s i s  f o r  f u e l  rods  ( f i l l  g a s ,  metal lography and micro- 
. , 

h a r d n e s s ) ,  remoti'zed scanning e l e c t r o n  microscopy (SEM) , burnup a n a l y s i s  

of both f u e l  and c l a d d i n g  f o r  f u e l  rods ,  and r e p l i c a t i o n  of ballooned rods  

and a r t i f a c t s  on o t h e r  m a t e r i a l s .  Remote handl ing of f u e l  rods  ex tends  t o  

assembly a s  w e l l  a s  d isassembly.  

I n  a d d i t i o n ' t o  the  h o t  c e l l  f a c i l i t i e s  mentioned above which a r e  oper- 

a t e d  by EG&G Idaho, ANL-West o p e r a t e s  t h e  Hot F u e l  Examination F a c i l i t y  - 
North (HFEF-N) which is  t h e  l a r g e s t  alpha-gamma hot  c e l l  f a c i l i t y  i n  the  



United S t a t e s .  Th i s  f a c i l i t y  has handled ' i r r a d i a t e d  f u e l  and m a t e r i a l s  

exper iments  from E B R - I 1  and can accommodate l a r g e  exper iments  from o t h e r  

f a c i l i t i e s .  The HFEF-N i s  d iv ided  i n t o  an  a i r  atmosphere decontaminat ion 

c e l l  of 56 m2 a r e a  and an a d j a c e n t  main argon atmosphere cel l  having an 

a r e a  of 195 m2.  An e x t e n s i v e  a r r a y  of equipment is  a v a i l a b l e  i n  the  

HFEF-N f o r  both  d e s t r u c t i v e  and n o n d e s t r u c t i v e  examinat ion.  

High Temperature Furnaces  

EG&G h a s  two h igh  temperature  fu rnaces  w i t h  unique c a p a b i l i t i e s  which 

could be very  u s e f u l  i n  non-nuclear t e s t i n g  of FW/B/S components. These 

fu rnaces  a r e  commercial u n i t s  manufactured by Richard D.  Brew Co. of 

Concord, NH. Each c o n s i s t s  of a  vacuum chamber, vacuum pumps (mechanical  

and d i f f u s i o n ) ,  power t r a n s f o r m e r s ,  and a s s o c i a t e d  c o n t r o l s .  These a r e  

two sys tems,  commonly r e f e r r e d  t o  a s  t h e  b i g  Brew and the  s m a l l  B r e w .  

Each vacuum chamber i n c l u d e s  h e a t e r  u n i t s  made of tungs ten  mesh, and can 

be used wi th  i n e r t  gases .  F u r t h e r  s p e c i f i c a t i o n s  a r e  a s  fo l lows :  

Useable Work Area 

Small  Brew Large Brew 

2 in .  x 8 i n .  6  in .  dinm x 34 i n .  
( f o u r  independen t ly  
c o n t r o l l e d  hea t  zones)  

Rated Temperature 

Vacuum 3000 O C  3000 O C  

Helium ( u l t r a  h igh p u r i t y )  2500-2700°C . ' 2500-2700°C 

Argon ( h i g h  p u r i t y ) .  2000-2300 O C  2000 OC-2300 "C 

Hydrogen N/A 2000°C 

Each fu rnace  has viewing p o r t s  i n  the  chambers. O p t i c a l  pyrometers 

a r e  a v a i l a b l e  f o r  use wi th  the  systems.  The u l t i m a t e  vacuum ob ta inab le '  i n  

the  fu rnace  charpber is  approximate ly  2  x  1 0 ~  Tor r .  



D e s c r i p t i o n  of E x i s t i n g  F a c i l i t y  

G e n e r a l  Atomic and EG&G, I d a h o ,  h a v e  many f a c i l i t i e s  f o r  c o n d u c t i n g  

t h e r m a l - h y d r a u l i c  and  t h e n n o m e c h a n i c a l  t e s t i n g  of components  and 

a s s e m b l i e s .  o n e  which h a s  g r e a t  c a p a b i l i t y  and f l e x i b i l i t y  i s  a  f u r n a c e  

a t  EG6G m a n u f a c t u r e d  by R i c h a r d  .D. Brew and Company, known l o c a l l y  a s  t h e  

" B i g  Brew," which  i s  d e s c r i b e d  i n  T a b l e  2-4. T h i s  l a r g e ,  h i g h - t e m p e r a t u r e  

f u r n a c e  h a s  f o u r  s e p a r a t e l y  c o n t r o . l l a b l e  h e a t  z o n e s ,  ' each  of which i s  7  

i n .  i n  d i a m e t e r  and 7.7'5 i n .  h i g h .  The u s a b l e  work ' s p a c e  i n s t d ' e  t h e  

f u r n a c e  i s  a p p r o x i m a t e l y  7 i n .  i n  d i a m e t e r  a n d  3 4  i n .  h i g h .  T h e r e  work 

a c c e s s  p o r t s  8 i n .  i n  d i a m e t e r  a t  e a c h  end of t h e  f u r n a c e  and f o u r  v i e w i n g  

and i n s t r u m e n t  l e a d  windows 3  i n .  i n  d i a m e t e r  a t  e a c h  z o n e .  The chamber  

i t s e l f  c a n  be opened  v i a  a  l a r g e ,  h i n g e d ,  h a l f - c y l i n d e r  d o o r  t h a t  e x t e n d s  

t h e  e n t i r e  l e n g t h  of t h e  chamber  t o  a l l o w  e a s y  a c c e s s  t o  i n t e r n a l  

c o m p o n e n t s  o r .  t e s t  a s s e m b l i e s .  

H e a t i n g  is by t u n g s t e n  mesh. The maximum r a t e d  t e m p e r a t u r e  of t h e  

f u r n a c e  i s  d e p e n d e n t  on t h e  a t m o s p h e r e  i n  t h e  t e s t  chamber ,  a s  f o l l o w s :  
. . 

1. 3000°C i n  vilcuum ( o p e r s r l ~ l g  Vacuum 5. .u T o r r )  

2 .  2500 - 2700°C i n  , h i g h - p u r i t y  h e l i u m  

3 .  2000 - 2 3 0 0 ' ~  i n  h i g h - p u r i t y  a r g o n  

4. 2 0 0 0 " ~  i n  h y d r o g e n  

The t e m p e r a t u r e  u n i f o r m i t y  o f  a h e a t i n g  e l e m e n t  i s  w i t h i n  flOOc a s  

measured  by a  d i s a p p e a r i n g  f  i l a m e n t - t y p e  pyrome t e r  . 

F i g u r e  2-2 i s  a  s c h e m a t i c  d r a w i n g  of  t h e  "Big Brew" f u r n a c e  w i t h  trhe 

p r o p o s e d  e x p e r i m e n t  i n  p l a c e .  Each of t h e . h e a t  z o n e s  is  s e p a r a t e l y  

c o n t r o l l a b l e .  C o n t r o l s  a r e  m a n u a l ,  one  o r  more z o n e s  may be t i e d  t o  a  

s i n g l e  preprogrammed t e m p e r a t u r e  c y c l e  implemented  by a  c u r v e  t r a c k i n g  

c o n t r o l .  Each h e a t  zone h a s  s e p a r a t e l y  c o n t r o l l e d ,  w a t e r - c o o l e d  c o p p e r  

h e a t  s i n k s  t h a t  s u r r o u n d  t h e  h e a t  z o n e  j u s t  o u t s i d e  t h e  h e a t i n g  e l e m e n t s ;  

The h e a t  s i n k s  a r e  i s o l a t e d  f rom t h e  h e a t i n g  e l e m e n t s  by a  f i v e  l a y e r ,  

t u n g s t e n  r a d i a t i o n  s h i e l d .  



TABLE 2-4 
"BIG BREW" BLANKET TEST FACILITY SPECIFICATIONS 

1. H e a t i n g  C a p a b i l i t y  

Power :  5 3 0  kW 

T e s t  Volume:  18 c m  d i a m  x 79 c m  l o n g  

E q u i v a l e n t  Heat F l u x :  1 2 0  w / c m 2  : 

E q u i v a l e n t  V o l u m e t r i c  H e a t  S o u r c e  : 26 IJ/cm3 

2 .  E n g i n e e r i n g  D a t a  . 

A. H e a t i n g  E l e m e n t  S i z e :  18 c m  d i a m  x 2 0  cm h i g h  

8. Plaximurn T e m p e r a t u r e :  3000°C i n  vacuum,  2700°C i n  h e l i u m  

C. T e m p e r a t u r e  U n i f o r m i t y :  f l O  OC 

D.  H e a t i n g  E l e m e n t  M a t e r i a l  : T u n g s t e n  Elesh 

E.  Heat S h i e l d  ? l a t e r i , ~ l :  T u n g s t e n  S h e e t  

I:. O r ~ i  V :  S s 1 0 d 5  'Torr 

G .  U l t i m a t e  Vacuum: 1 x  T o r r  

3 .  F a c i l i t y  R e q u i r e m e n t s  

A.  E l e c t r i c a l :  530 kVA a t  480 V/3 p h a s e 1 6 0  Hz 

B. W a t e r :  3 . 5  y/s ( 5 4  gprn) a t  25°Cmaximum a n d  0 . 3  MPa ( 5 0  

p s i g )  minimum 

C. Air: 0 . 3  MPa (50  p s i g )  minimum 
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A v a i l a b i l i t v  

T h i s  f u r n a c e ' ,  shown i n  F i g .  2 - 3 ,  i s  p r e s r r l t l y  l o c a t e d  i n  t h e  C e n t r a l  

F a c i l i t i e s  a r e a ,  B u i l d i n g  688, a t  t h e  INEL. I n s t a l l a t i o n  is  e s s e n t i a l l y  

c o m p l e t e .  T h e r e  r e m a i n s  o n l y  f i n a l  c h e c k o u t  and f i n e  t u n i n g  t o  make t h e  

sy.s  tem f u l l y .  o p e r a t i o n a l .  A l l  n e c e s s a r y  h a r d w a r e  i s  a v a i l a b l e .  ' F a c i l i t y  

power ,  a i r ,  and w a t e r  h a v e  b e e n  c o n n e c t e d .  T h e r e  a r e  p r e s e n t l y  no o t h e r  

m a j o r  p r o g r a m s  t h a t  r e q u i r e  t h i s  f u r n a c e .  It w i l l  t h u s  be a v a i l a b l e  f o r  

FW/B/S t e s t i n g  e s s e n t i a l l y  f u l l  t i m e .  F u r t h e r m o r e ,  ' t h e r e  a r e  s h o p  

f a c i l i t i e s  i m m e d i a t e l y  a d j a c e n t  t o  t h e  f u r n a c e  ( n e x t  room) f o r  f a b r i c a t i n g  

p a r t s ,  a s s e m b l y ,  e x a m i n a t i o n ,  and r e p a i r s  a s  n e e d e d .  

D e s c r i ~ t i o n  of New C o m ~ o n e n t s  t o  be ~ d d e d  

The test  f a c i l i t y  w i l l  c o n s i s t  of t h e  e x i s t i n g  "Big Brew" f u r n a c e ,  

w h i c h  s e r v e s  a s  t h e  t es t  bed and h e a t  s o u r c e ,  and a  t e s t  a s s e m b l y  

t h a t  w i l l  be f a b r i c a t e d  and mounted i n  t h e  f u r n a c e .  The tes t  a s s e m b l y ,  

shown i n  F i g .  2-2, i s  c y l i n d r i c a l ,  o c c u p y i n g  t h e  e n t i r e  i n t e r i o r  work ing  

volume of  t h e  Brew f u r n a c e ,  w i t h  a  d i a m e t e r  of 1 5 . 2  cm and mounted on t o p  

and  bot'tom 20 cm F l a n g e s ,  f o r  a  t o t a l  a x i a l  l e n g t h  of 86 r m .  

The t e s t  a s s e m b l y  i t s e l f  i s  made up of two main sections. The rlpper 

s e c t i o n ,  t h e  t e s t - b e d  m o d u l e ,  which  i s  d e s c r i b e d  i n  S e c t i o n  2 . 2 . 5 ,  

a c t u a l l y  c o n t a i n s  t h e  b r e e d e r  bed t o  be t e s t e d .  The l o w e r  s e c t i o n  o f  t h e  

t es t  a s s e m b l y ,  t h e  t e s t  s u p p o r t  m o d u l e ,  c o n t a i n s  t h e  m e c h a n i c a l  i n t e r -  

f a c e s  n e e d e d  t o  s u p p o r t  t h e  t e s t  module .  The most  i m p o r t a n t  component i n  

t h e  l o w e r  s e c t i o n  is a  r a d i a n t  h e l i u m  h e a t e r ,  which o c c u p i e s  t h e  e n t i r e  

w o r k i n g  b o r e  of h e a t  z o n e  4 .  The p r e s e n t  c o n c e p t  f o r  t h i s  h e a t e r  c o n s ' l s t s  

s i m p l y  of a s m a l l  d i a m e t e r  ( 1 . 3  cm) t u b e  wound on t h e  e x t e r i o r  .of a  12 .7  . 

cm d i a m e t e r  s u p p o r t  c y l i n d e r ,  y i e l d i n g  an  e f f e c t i v e  d i a m e t e r  of 15.2 crn. 

T h i s  h e a t e r  r e c e i v e s  c o l d  h e l i u m  t h r o u g h  a  c o n n e c t i o n  i n  t h e  b o t t o m  f l a n g e  

and d i s c h a r g e s  h o t  h e l i u m  i n t o  t h e  plenum i n d i c a t e d  i n  F i g .  2-2. S i n c e  

t h i s  h e l i u m  h e a t e r  o c c L p i e s  o n l y  zone 4 ,  t h e  h e a t  r a t e  t o  t h e  h o t  h e l i u m  

s t r e a m  i s  i n d e p e n d e n t l y  c o n t r o l l a b l e .  I n  a d d 1  t i o n ,  a  s e p a r a t e  c o l d  h e l i u m  



s t r e a m  is i n t r o d u c e d  t h r o u g h  t h e  b o t t o m  f l a n g e  and m i x e s  w i t h  t h e  h o t  
I 

stream i n  t h e  p l enum b e f o r e  r e a c h i n g  t h e  b o t t o m  o f  t h e  t e s t  b e d .  T h i s  ' a l l o w s  c o m p l e t e  c o n t r o l  o f  t h e  h e l i u m  f l o w  r a t e  and t e m p e r a t u r e ,  v i a  

c o n t r o l s  on t h e  z o n e  4 h e a t e r ,  a n d  . t h e  h o t ,  c o l d ,  and  t o t a l  h e l i u m  f l o w  

r a t e s .  

A t  t h e  b o t t o m  o f  t h e  tes t  a s s e m b l y  a r e  t h e  c o n n e c t i o n s  f o r  h e l i u m ,  a n y  

r e q u i r e d  c o o l i n g  ( e x c e p t  f o r  t h e  t c s t  bed c o o l a n t  t u b e ) ,  and a l l  p e r m a n e n t  

t e s t  a s s e m b l y  i n s t r u m e n t a t i o n  ( s e e  S e c t i o n  2 .2 ;6 ' ) .  . I n  a d d i t i o n ,  f o r m e d  

b e l l o w s  a r e  p r o v i d e d  t o  accommoda te  t h e  a x i a l  t h e r m a l  e x p a n s i o n  o f  t h e  

e n t i r e  a s s e m b l y  when i t  i s  a t  h i g h  t e m p e r a t u r e .  A l l  o f  t h e  f l a n g e d  

c o n n e c t i o n s  a t  t h e  b o t t o m  o f  t h e  a s s e m b l y  i n c l u d e  n o r m a l  e l a s t o m e r  O - r i n g s  

t o  make t h e  vacuum and  h e l i u m  s e a l s .  At  t h e  t o p  f l a n g e ,  t h e  seals c a n  b e  

e i t h e r  w a t e r - c o o l e d  e l a s t o m e r  O - r i n g s  o r  h a r d  m e t a l .  The  seal b e t w e e n  t h e  

t e s t  bed m o d u l e  and  t h e  l o w e r  s u p p o r t  s e c t i o n  must  b e  made up w i t h  a  h a r d  

m e t a l  s e a l ,  p r o b a b l y  a n  I n c o n e l  r i n g .  

The  e n t i r e  test  a s s e m b l y  i s  d e s i g n e d  t o  o p e r a t e  w i t h  a  vacuum i n  t h e  

f u r n a c e  vo lume  a n d  w i t h  a  h e l i u m  p u r g e  p r e s s u r e  o f  0 . 1  t o  0 . 3  MPa ( 1 5  t o  

50  p s i g ) .  The  h e l i u m  w i l l  be s u p p l i e d  f rom s t a n d a r d  p r e s s u r e  c y l i n d e r s .  

The w a t e r  c o o l a n t  c h a n n e l  w i l l  be  d e s i g n e d  t o  o p e r a t e  a t  s i m u l a t e d  b l a n k e t .  

c o n d i t i o r l s  up t o  3 0 0 " ~  and  1 5  MPa. The m a t e r i a l  u s e d  f o r  c o n s t r u c t i o n  

w i l l  b c  3 1 6  s t a i n l e s s  s t c e l .  

2 . 2 . 5  D e s c r i ~ t i o n  o f  ' T e s t  P i c c e s  

For  e a c h  l i t , h i u m  comjml~nd  n ~ a t e r i s l  and cacti c o n f i g u r a t i o n ,  two  

i d e n t i c a l .  t es t  m o d u l e s  w i l l  bc n e e d e d ,  o n e  f o r  t h e  s t e a d y - s t a t e  tes ts  . a n d  

o n e  f o r  t h e  c y c l i c  t e s t s .  

T e s t  ?;odule 

F o r  t h e  n o n - n u c l e a r  s i m u l a t i o n  t e s t s ,  t h e  t e s t  m o d u l e  shown i n  F i g .  

2-2 w i l l  be  u s e d .  T h i s  m o d u l e  w i l l  b e  1 5  cm ( 6  i n . )  i n  d i a m e t e r  a n d  
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! a p p r o x i m a t e l y  60 cm (24 i n . )  i n  l e n g t h ,  c o n s t r u c t e d  of s t a i n l e s s  s t e e l .  

It w i l l  be d e s i g n e d  t o  w i t h s t a n d  an i n t e r n a l  p r e s s u r e  of 0.3 MPa (50  p s i g )  

i n  t h e  bed a r e a  up t o  and 15 MPa (2250 p s i g )  i n  t h e  c o o l a n t  t ube .  

The l i t h i u m  compound bed i t s e l f ,  which i s  a p p r o x i m a t e l y  43 c m  (17  i n . )  

i n  l e n g t h ,  will occupy t h e  volume e n c l o s e d  by the. upper  two h e a t  zones ,o f  

t h e  Brew f u r n a c e .  The bed might  be  p r e p a r e d  i n  s e v e r a l  ways, i n  t h e  form 

of  p r e s s e d  powder, packed beds of m i c r o s p h e r e s  o r  m i c r o p e l l e t s ,  o r  

s i n t e r e d  p e l l e t s .  Each of t h e s e  has  i t s  own a d v a n t a g e s  and d i s a d v a n t a g e s .  

GA i s  e x p e r i e n c e d  i n  t h e  f a b r i c a t i o n  of t h e  v a r i o u s  l i t h i u m ~ c o m p o u n d s  i n  

t h e  v a r i o u s  forms.  Some examples a r e  shown i n  F ig .  2-4. The d e c i s i o n  on 

which app roach  t o  u se  f o r  t h e  f i r s t  t e s t  w i l l  be made j o i n t l y  among G A ,  

E G & G ,  and ANL a t  t h e  i n i t i a t i o n  of t h e  Phase  I program. 

Whatever app roach  is  used ,  t h e  bed w i l l  then  be packed and p a r t i a l l y  

s i n t e r e d  i n  p l a c e  between two p e r f o r a t e d  p l a t e s .  Below t h e  lower , p l a t e  

w i l l  be a  second p l a t e  w i th  f l ow  h o l e s  covered  by bubble  caps  ( s i m i l a r  t o  

t h o s e  used i n  f l u i d i z e d  beds)  t o  p r e v e n t  bed d e b r i s  from f a l l i n g  th rough  

i n t o  o t h e r  p a r t s  of t h e  sys tem.  A c e n t r a l  s t a i n l e s s  s t e e l  c o o l a n t  t ube  i s  

welded t o  t h e  lower p l a t e  and is  p a r t  of t h e  module. T h i s  t ube  . e x t e n d s  

o u t  of bo th  t h e  t o p  and bottom of t he  t e s t  a s sembly  t o  a l l o w  c o n n e c t i o n s  

t o  be made. The t e s t  bed module w i l l  be b o l t e d  t o  t h e  t e s t  s u p p o r t  module 

( s e e  S e c t i o n  .2 .2 .4)  and a  s e a l  w i l l  be made wi th  a  me ta l  r i n g .  The t o p  of 

t h e  t e s t  bed module w i l l  mount on t h e  upper  mounting p l a t e  of t h e  Brew 

f u r n a c e .  

Note t h a t  t h i s  t e s t  module c o n f i g u r a t i o n  is  r e p r e s e n t a t i v e  of t he  

" s o l i d  b r e e d e r  c a n i s t e r  w i t h  p r e s s u r i z e d  c o o l a n t  t u b e s "  b l a n k e t  concep t  

( t h e  STARFIRE b l a n k e t  c o n c e p t )  and shou ld  a l l o w  f a i r l y  r e a l i s t i c  t e s t i n g  

of t h e  c r i t i c a l  t h e r m a l - h y d r a u l i c  f e a t u r e s  of t h i s  d e s i g n .  The d e s i g n  

proposed  f o r  t h e  t e s t  module t o  'be used i n  t h e  f i r s t  TPE 11 Phase 1 

expei lo~er ic  i s  a l s o  a  d i r e c t  p r e c u r s o r  of t e s t  modules t h a t  would be used 

f o r  i n - p i l e  n u c l e a r  t e s t i n g  of t h e  b l a n k e t  d e s i g n  l a t e r  i n  TPE 11. The 

n u c l e a r  t e s t s  w i l l  u s e  a s i m i l a r  t e s t  module and w i l l  add v o l u m e t r i c  

n u c l e a r  h e a t i n g ,  t r i t i u m  p r o d u c t i o n ,  and r a d i a t i o n .  damage e f f e c t s  t o  t h e  

s i m u l a t i o n .  
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