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FOREWORD 

Th is  i s  t he  e i gh th  o f  a  se r i es  o f  r e p o r t s  cover ing techn ica l  progress 

on t he  research and development program being performed i n  connect ion w i t h  

t h e  design o f  t h e  B t h f i n d e r  Atomic Power P lant .  Th is  p l a n t  w i l l  be located 

a t  a  s i t e  near Sioux Fa1 Is,  South Dakota, and i s  scheduled f o r  operat ion i n  

June 1962. Owners and opera to rs  o f  t he  p l a n t  w i  I  I be the  Northern States Power 

Company o f  M i  nneapol i s ,  Minnesota. 

Thc U.S. Atomic Energy Commission, through Contract  No. AT(1 I-I)-589, w i t h  

Nor thern States Power Company, and Centra l  Ut i l  i t  i  es :~tomic  Power As-soc i a t es  ' 

(CUAPA*), a re  sponsors o f  the  research and development program. 

A 1  l is-Chalmers Manufacturing Company o f  Milwaukee, Wisconsin, under con t rac t  

w i t h  Northern States Power Company; i s  performing t he  research, development and 

design, and w i l l  cons t ruc t  t he  p lan t ,  i n c l ud ing  t he  reac to r ,  which i s  designated 

as t he  Cont ro l led  Rec i r cu l a t i on  B o i l i n g  Reactor (CRBR). Pioneer Serv ice and 

Engineer ing Company o f  Chicago, I I l i n o i s ,  i s  p rov id ing  t he  arch i tec t -engineer  

serv ices t o  A 1  l is-Chalmers. Por t ions o f  t he  R & D program, p a r t i c u l a r l y  i n  

connect ion w i t h  f ue l  development, have been. subcontracted by all is-Chalmers. 

Conceptual engineer ing and component research and development i s  we1 l  under 

way a t  A1 l is-Chalmers Greendale Laborator ies .  E rec t ion  o f  a  number o f  major 

experimental f a c i l i t i e s  have been completed which w i l l  p rov ide important design 

data.  Const ruct ion o f  t h e  C r i t i c a l  Experiment Faci l l t y  i s  p rogress ing 'sa t i s -  

f a c t o r i l y  and w i l l  be ready f o r  opera t ion  about November 1 ,  1959. 

+CUAPA Member Compan i es: 

Cent ra l  E l e c t r i c  and Gas Company . M iss iss ipp i  Va l ley  Pub l i c  Serv ice Company 
I n t e r s t a t e  Power Company Northern States Power Company 
Iowa Power and L i g h t  Company Northwestern Publ ic  Serv ice Company 
.lowa~Souther.n U t i l i t i e s  Company Otter-Tai  I Power Cnrnpny 
Madison Gas and E l e c t r i c  Company S t .  Joseph L i g h t  and Power .Company 

Wisconsin Pub l i c  Serv ice Corporat ion 



DESIGN DATA 

Plant 

Power, b o i l e r  region ........ ;.....................................164,000 kw 
Power, superheater region ........................................... 39,700 kw 
Steam flow a t  ra ted  power .................................... 65,000 Ibs/hr 
Total  core power ................................................. 203,700 kw .......................................... Gross e l e c t r i c a l  c a p a b i l i t y  66,000 kw., 
Net e l e c t r i c a l  output ................................................. 62,000 kw .. 

Net e f f i c i e n c y  .................................................. 30.5 per cent 
Steam o u t l e t  pressure ................................................ 540 psig 
Reactor operat ing pressure ......................................... 600 psig 

. . Temperature, b o i l e r  region ............................................... 9 F 
Out le t  temperature, superheater region ............. i . . . .  ............... 825 F .............................................. Gross heat r a t e  10,370 btu/kw:hr ..................................... Reactor bui l -ding s ize  50 f t  d ia  x 120 f t .  

. . 

Reactor 

Vessel s ize .............................................. I -  1 f t  x 31-1/2 f t  .' 

Total  core dimensions......'..........'.............................6 f t  x 6 f t  
Dimensions o f  superheater region .................................. 6 f t  x 30 .in . .  

Fuel, b o i l e r  ( A l  c lad)  ...................... approx. 1.8 per cent enriched U02 
,Fuel, superheater (S.S. c lad)  ............... approx. 93,per cent  enriched U02 
Fuel, loading, b o i l e r  (U-235) ........................................... 17 kg . 

Fuel, loading, superheater (U-235) ................................. 42 kg* - 
Power density.  (boi l e t  core-coo lan t )  ............................... 87 kw / I i t e r *  ....................... Average heat f 1 ux, boi l e r  reg i on.. ,I30,000 btu/hr/ f . t2* 
Average heat f l ux, superheater region.. ..... : ............. .80,000 b tu /hr / f t2*  ....................... Maximum heat f l ux ,  boi l e t  r e g  ion. .:. .462,000 btu/hr / f t2*  .................... Maximum heat f I ux, superheater. reg ion.. .250,000 b tu /hr / f t2*  . . 

Rec i rcu la t ion  r a t e  ................................................... 60,ODO gpm . .  

Rec i rcu la t ion  pump power ................................................794 kw* 

*Value was changed during the quarter.  



1 .. I . . ' FUEL MATER l AL CLADD 1 NG, B,OND I NG, , AND, l RRAD l AT l ON TEST I NG 
. . . . 

I .I :I. Cladding-  . . 
* 

. . 
, : 1 . 1 . 1 . ? 1 .  8001 ~lurninum. 'Dynam ic '~o r ros i on  Tests. .The second t e s t s  

o f  8001 a 1 urni num' i n  Loops 2 and: 3 were completed. E i g h t  sample coupons were 

t es ted  i n .each .,I oop: ' The samples i n Loop 2 were i nspected a f t e r  exposures 

o f  8.2, 17.9, 33.0, 44.8, 57.. 7, arid, 69.7 days. The. samples i n  LOO^ 3 were 

, i nspected a f t e r  exposures o f  10.8, 26.3, '36.3, 47.2, 60.2, and 73.1 days. 

The eddy-current- gage has. used t o  measure t he  co r ros ion  r a t e  dur ing  t he  

f i r s t  h a l f  o f  t h e  t es t s ,  and t he  less qccurate weighing, method was used f o r  .- 

t h e  remainder o f  t he  t e s t  run .  (Use. o f  t he  eddy-current gage was discont inued'  
. . 

I .  

because of-per. formance d i f f i c u l t i e s .  'The repai ' rs and mod i f i ca t i ons  which a re  

present l y be.i tig made a re  d i scussed i n. Sect ion 4.1 . ) 
The i n i ti a l coirros i on .  r a t e  dur i ng these two t e s t s  was cons i derab l y lower 

than t he  i n i  ti a I r a t e s  du r i  ng t he  f i r s t  t e s t s  i n  Loops. 2 and .3. A f t e r  a per iod 

o f  25 t o  45 days., however, t h e  corros. ion r a t e s  approached t h e  r a t e s  obtained i n  

t h e  f i r s t  t e s t s . .  The average o v e r a l l  co r ros i on  r a t e s  ( inc l .ud ing t h e  i n i t i a l  

pe r iod )  f o r  . these t e s t s  were 7.1 and 10.3 m i  l s/year.  The average co r t os  ioh 

r a t e s  a f t e r  t t i e  i n i t i a l  per iod were 14.6 and.1'6.6.miIs/year.  De ta i l ed  r e s u l t s  
. . . - .. . . . 

. . . . o f  t h e  t e s i s  a re  g i ven i n F igure I . I . ' ,. . . .  . . . . 
. . 

The 'second t e s t  o f  8001 a I urni num. samples, i n  . i oop  I, :a , t e s t  . invo lv ing an 

excess a l urni nurn sec t  ion, was resumed. ~ h 6  ' t e s t  was d i  scon t i  nued a f t e r  on l  y . 

1 .7 days because o f  a shor t  c i r c u i t  i n  t h e  s t a t o r  o t .  thecanned-rotor pump. 

The t e s t  was then r u n  as t h e  t h  i r d  t e s t  i n Loop 2.. .:The teist lcond i t i o n s  here 
. . . . 

. . 

as f o l  lows-: ' e i g h t  sample coupons we&- used; . the  a I urni num'area i n  t h e  system 



was increased t o  5850 sq cm y ie ld ing  a t o t a l  area-to-volume r a t i o  of 

2620 sq cm/ l i t e r .  (The area-to-volume r a t i o  i n  the Pathfinder i s  

expected t o  be 134 sq cm/ l i t e r . )  The excess aluminum was placed i n  the 

ion exchanger vessel, since t h i s  mod i f i ca t ion  could be e a s i l y  made. The 

samples were inspected a f t e r  8.0, 18.9, 28.9, and 41.9 days. 

Theetest i s  not completed, bu t  pre l iminary evaluat ion indicates t h a t  

the corrosion r a t e  was not reduced. This confirms the repo r t  by Chalk 

River t o  the  Aluminum A l  loy Task &oup i n  September t h a t  these unexpected 

r e s u l t s  may be obtained i n  t e s t s  operated under these condi t ions.  The 

p o s s i b i l i t y  e x i s t ,  however, t h a t  extraneous but only  temporary react ions 

are nu1 l i f y i n g  the e f f e c t  o f  the excess aluminum sect.ion and t h a t  continued 

exposure wou I d produce more s a t  i s fac tory  resu l t s .  

A f te r  the t h i r d  t e s t  i n Loop 2 i s  completed, a four th  t e s t  w i  I I be 

conducted w i th  the  excess aluminum sect ion i n  the  main stream and upstream 

from the aluminum samples. 

Loop 3 was prov i ded ' w i  t h  .precondit ioned samples o f  a I um i num f o r  the 

d-h i r d  tes t ;  b ther  t e s t  cond it i ons rema i ned the same. Precond i ti on i ng 

0 
consisted i n  exposure o f  the samples i n  an autoclave f o r  7.1 days a t  500 F, 

681 psia, and pH 7.0 (approximate). The samples were inspected a f t e r  7.1, 

17.1, 27.0, and 39.0 days. 

This t e s t  i s  a lso  not completed, but pre l iminary evaluati6n o f  data 

indicates t h a t  the  corros ion r a t e  may be somewhat reduced by the  precondi- 

t i on ing .  The t e s t  was in te r rup ted  because of pump f a i l u r e  and w i l l  be 

resumed as soon as repa i r s  are made. 



Static Corrosion Tests. A static test on 8001 aluminum was completed. 

The test conditions were' as fol lows: 500°~, 681 psia, 5.4 (approximate), 

and total exposure time of 36.9 days. The samples were inspected after 

7.8, 11.6, 13.9, 22.8, 30.9, and 36.9 days. The corrosion. rates indicated 

during the final test period were in the range of .35 to .80 mils/year while 

the overall rates (including the initial period) were between 3.6 and 

4.0 mildyear. Details of the tests are given in Figure 1.2. 

Aluminum-Base Double-Alloy Anneal ins Tests. Annealing tests of a fuel- 

element cladding tube consisting of an outer tube of a corrosion resistant 

aluminum alloy and an inner tube of a strong aluminum alloy continued. The 

particular combinations under' study are l I00 c ladd i'ng on 5083 and M400 

Anneal ing tests were conducied at 500°~ for exposure times as long as 

120 days and results are presently being evaluated. Results of tests for 

83-day exposures were previously reported and reference was made to 

precipitated MggALg in the 1100-5083 bond. Positive identification of this 

precipitate was not previously possible because its fine structure made 

response to various'etching reagents difficult to interpret. Samples were 

sent to Reynolds Metals company, fabricators of the tube, and the precipitate 

was identified by them as Mg2Si. 

Extruded Tube-Plate Aluminum Alloy Claddinq. Investigation continued 

on the feasibility of producing X8001 aluminum alloy cladding in the form 

of tube-plates by the extrusion process. A difficulty previously described 

. was that the material i n  the extrusion reweld akeas was particularly 

susceptible to corrosion. corrosion tests and metal lographic analyses were 



conducted on add i t i ona l  samples, and t he  f o l l o w i n g  t e n t a t i v e  conclusions 

were made. 

The mic ros t ruc tu re  o f  tube-p la te  coming from t h e  beginning of any 

p a r t i c u l a r  b i  I l e t  extruded a t  900 '~  does no t  appear t he  same i n  sampl'es from . 

subsequent sect ions.  The e n t i r e  c ross  sec t ion  o f  the  extr.usion e x h i b i t s  a  . 

f i n e  and un i fo rm d ispers ion  o f  t h e  n i cke l  complex compounds, NiAL3 and 

FeNi ALg, nbrma l l y  present.  As t he  b i  l l e t  progresses i n ex t rus ion ,  howe"er, 

t h e  band o f  what appears t o  be m a t r i x  aluminum appears i n  t h e  cross sec t ion  

o f  samples. The band i s  small a t  f i r s t  and becomes p rogress ive ly  la rger  as 
. . 

t he  ex t r us i on  proceeds t o  t he  end o f  t he  b  i l l e t .  

Samples w i t h  on I y  a sma I I band were subjected t o  co r ros i on  t e s t s .  

Corrosion progressed exceedingly f a s t  u n t i l  t he  band was consumed. The 

cor ros ion  behavior o f  t he  remaining sample, I n  which a normal d i s t r i b u t i o n  

o f  nickel-compmnd p a r t i c l e s  appeared, was t h a t  o f  normal X8001 aluminum 

a l  loy .  

Since t h e r e  i s  a  normal temperature bu i ld-up due t o  f r i ' c t i o n  and pressure 

as t h e  ex t r us i on  o f  a  b i l l e t  progresses, t h e  h igher  temperature o f  t he  

ex t r us i on  may cause format ion o f  t h e  band o f  m a t r i x  aluminum i n  t he  reweld.  

To i nves t i ga te  t h e  causes and t o  determine a poss ib le  s o l u t i o n  t o  t h e  problem, 

t h e  f o l l o w i n g  c o n t r o l s  and techniques should be inves t iga ted  in one o r  more 

combinations: 

I )  shor te r  b i l l e t s  t o  decrease t h e  temperature bu i ld-up by 

decreasing ex t r us i on  t ime, 

2 ) .  t he  ex t r us i on  o f  b i l l e t s  beginning a t  lower temperatures (750 



3) the extrus ion o f  larger b i  l ' l e t s  (8 t o  9 inches i n  diameter), 

4)' sca l p i  ng o f  b i i l e t s  t o  remove any sk in  defects o r  segregation, 

5) removal o f  one hal f - inch sect ions from.each b i l l e t  f o r  

meta l l ograph i c ana l ysi s o f  the cast  s t ructure,  

6 )  per iodic  determination o f  the temperature o f  the extrus ion 

7) removal of the b u t t  end o f  each b i l l e t  from the d ie  and 
. . 

sect i'on i ng and. eva l uat i on' t o  determi ne f low through the d i e, 
. . 

A draw bond i ng process i s used. by M & C NU= l ear Corporation t o  obta i n 

the bond between the uranium dioxide p e l l e t s  and aluminum cladding. Destruc- 

t ive t e s t s . o f -  these fuel  .pins show an excel lent'mechanical .bond. 

The. mechan i ca I' bond between a I  umi num and s i ntered uran i um d i ox i  de does 

n& lend i t s e l f  t o  t e s t i n g  by u l t rason ic  techniques, since the noise level 

. . r e s u l t i n g  from t r a v e l ' o f  sound around the c lad  i s  so great t h a t  the s ignal  

from the bond cannot be detected. ~ u r t . h e r  non-destructive t e s t s  o f  the bond 

by t h  i s process were therefore d i.scont i nued ., . . 
. . 

The ef ' fect o f  reactor  operat i  ng cond i ti ons on th,e bond-i s be i ng 

considered from the standpol.nt of the .cyc l i c s t r a  i ns .and therma l f a t i  gue 

produced i n  the cladding. This work . i s  described i n  Section 1.4. 

1.1.3. I r r a d i a t i o n  Testing 

. . 1.1'.3.!. .Boi ler Fuel Elements. CapsuleTests. Twenty-eight 3-inch 

long i r rad. ia t ion samples ,were fabr icated by M & C Nuclear Corporation and 

shipped t o  Valeci-bos Atomic Laboratory fo r  encapsulation. The samples 

consisted o f  four uranium dioxide p e l l e t s  and a sta in less steel ,  f ission-gas 



thimble, a l l  c l ad  i n  X8001 aluminum by a draw bonding process. Oestruct ive 

t e s t s  show an exce l len t  bond between the p e l l e t s  and cladding. 

Radiographs o f  end-cap welds show some porosi ty  at. both ends o f  some 

samples. Porosi ty  could be detected i.n the weld a t  the f i s s i o n  gas end i n  

near ly  a l l  samples. 

Typical welds were sectioned and macrographed. Upon examination, 
I 

porosi ty  was dpparent i n  both we1 ds, and oxide s t r ingers  were found w i th in  

0.010 t o  0.015 inch  o f  the surface. It was decided t h a t  condi t ions of the 

capsule ( i .e .  the non-corrosive environment) were not  s t r ingent  enough t o  

warrant r e j e c t i o n  o f  the samples, however. The samples appeared t o  be well 

made from a l l  o ther  standpoints. 

Assemb I y o f  a prototype i r r a d i a t i o n  capsule i nd icbted ce r ta  i n mod i f i- 

cat'ions t o  be necessary. Capsules were fabr icated w i th  these modi f i c a t  ions. 
. -.. 

--I 

During assembly, leaky thermocouples were found i n  some o f  the capsulesi  new 

thermocouples'were ordered and extensive q u a l i t y  checks'were made before 

i n s t a l l i n g  them. The delays involved i n  the modi f icat ions and replacement of 

the  f a u l t y  thermocouples delayed the  i nse r t i on  o f  capsules f o r  one GETR 

cyc l e. Resen t  planni ng ca I l s f o r  capsule i nser t  ions the'  f i r s t  pa r t  o f  

October. 

The t e s t  schedule i s  as fol lows: 

Capsule Location N o . o f  Burn-up 
Ser. No. i n  GETR Cyc I es mwdlton 



Subassembly Tests. An assembly cons is t ing  o f  n ine fue l  p ins i n  a 

3-by-3 square ar ray  i s  scheduled t o '  be i r rad ia ted  i n  the GETR boi l i ng water 

loop t o  gain more information on the behavior o f  an aluminum-clad, uranium 

diox ide fue l  element operat ing under the  condi t ions present i n  the  Path- 

f inder  reactor.  Test r e s u l t s  should reveal the  operat ing cha rac fe r i s t i cs  

o f  the  element and i t s  component parts. 

Fuel enrichment ca lcu la t ions  by Vallecitos Atomic Laboratory showed t h a t  

12 per cent enrichment i s  required t o  obta in the maximum desired heat f l u x  

of 450,000 Btu/hr/sq f t  withSn the  f i r s t  10 inches of the  t e s t  assembly. 

'Approximately 13 months o f  exposure i s  required t o  obta in an average fuel  

burn-up of 10,.000 mwd/ton. 

The t e s t  fue l  element w i l l consis t  o f  three subassemb l i es of three 
. . 

p ins each. A support g r i d  welded I n t o  an aluminum box w i l l  connect the  

bottom ends of t he  three pins comprising a subassembly. Every 10-1/2 inches 

a formed s t rap  w i l l  be fus ion spot welded t o  a X8001 spacer plug t h a t  i s  . 

welded between the  p i n  sect ions (Figure 1.3.). The ends of the  straps w i l l  

be captured i n  s l o t s  i n  the aluminum box i n  such a way t h a t  ax ia l  expansion 

o f  the  pins w i l l  be allowed. B l i s t e r s  w i l l  be welded over the  expansion s l o t s  

t o  form a water t i g h t  box. Sta in less steel  end f i x t u r e  w i l l  complete the  

n i ne-pin subassemb l ies  ( ~ i g ' u r e  1.4.). 

O r i f i c e  holes w i l l  be d r i l l e d  i n  t he  nozzle t o  meter by-pass f low 

between the  f a c i l i t y  tube and the  assembly. 

A prototype assembly w i l l be fabr icated t o  evaluate design and conshuction 
I 
1 p r o b l e m s ,  F l o w  t e s t s w i l l  bemadeatAl l is -Cha lmersGreenda leLaborator ies  



t o  determine pressure drop across the.assembly and the amount o f  by-pass ' 

f low around the assembly. These Yests are designed t o  substant iate f low 

ca lcu la t ions  and t o  insure s u f f i c i e n t  cool ing , f o r  the inside o f  the f a c i l i t y  

tube without s tarv ing  the fue l  element. 

Eighteen-hundred dished-end, 12 per cent enriched, uranium diox ide 

p e l l e t s  were received by M d C Nuclear Corporation f o r  f ab r i ca t i on  o f  the 

i r r a d i a t i o n  assembly. Fabr icat ion w i l l '  riot s t a r t  u n t i l  a l l  welds are 

qua l i f i ed .  

Because an a l'ternate des i gn o f  the  Pathf i nder f ue l e l ement i s cons i dered , 

a d i f f e r e n t  end closure .was studied. .It i s  f e l t  t h a t  cons is ten t ly  good welds 

can be made wi th  the new geometry. Closures on the  extreme ends are made 

before the p e l l e t s  are .inserted, and .the tubes are drawn. Indiv idual  p in  

sect ions are then loaded and draw bonded. Caps are inserted i n t o  the.end : 
o f  a tube sect ion and welded i n  place whi le the  ins ide o f  the  rod i s  being 

evacuated through the hole provided . Appropriate p in  sect ions are then 

scr-ewed together under a vacuum and seal-welded using the  tungsten inert-gas 

shielded arc. 

Work has s ta r ted  on the  closure welds f o r  the prototype i r r a d i a t i o n  

assembly. No par t i cu la r  d i f f i c u l t y  was encountered w i th  the  end caps on the  

extreme ends and wi th  the male and female caps a t  t he  intermediate j o in t s .  

~ h e S e  we l ds were qua l i f i ed a f t e r  a rn.1 n imum .of work on "rani urn dioxide. The 

f i n a l  weld, which seals the  screwed jo in t s ,  was sa t i s fac to ry  w i th  AL203 

p e l l e t s  but has not  ye t  been q u a l i f i e d  w i th  uranium dioxide. Sectioned 

samples o f  the  f i n a l  weld w i th  uranium diox ide p e l l e t s  showed poros i ty  o f  

0.020 inch below 'the weld surface. It i s  expected t h a t  the technique w i  l l 



be improved.to dr i ,ve t h i s , p o r o s i t y  0.050 t o  0.060 inches below t h e  
. . , , 

s u r f  ace. 

A weld ing.dry  box was f ab r i ca ted  t h a t  permits con t ro l  o f  atmosphere- 

pressure ,dur ing the  .weld cyc le .  I n s t a l l a t i . o n  and w i r i n g  o f  t h i s  box has 

no+ ye t  been c.ompi'sted .. 
The. t e s t  loop, i n  t he  GETR w i I I be mod i f i ed t o  .accommodate t he  assemb l y, 

. . 

i .e.  a 3-inc'h d  i ameter l o c i  w i l l rep lace.  t h e  3/4- i  nch d  i ameter loop 
' 

p rev ious l?  ava i l ab l e .   he new i dp  i sschedu led  f o r  complet ion i n  l a t e  
. . + .  " .  . 

November ; . 1 n se r t  i on of  t he  subassemb~l y  i s scheduled f o r  ear l y  December. 
. . 

1 . I  .3.2:. ' ~ u ~ i r h e a t e r  Fuel E lemen-bs. Cermet I r r a d i a t i o n  Studies.. - A 

I i t e r a t u r e  study. o f  i r r a d i a t i o n .  e f f e c t s  on uran.i um.. d iox ide  s t a i n l e s s  s tee l  
. . . . 

cermets t o  determi ne t he  ?ax i mum a  l l owab l e  burn-up o f  f ue l  was con t  i nued . 
B a t t e  l l e  Memor i,a I l n s t i  t u t e  and an AEC Laboratory were ' v i s i t e d  t o  obta i n  

more d e t a i l e d  in format ion on f a b r i c a t i o n  procedures, i r r a d i a t i o n  t e s t  

cond it i'ons, and t e s t  r e s u l t s .  Much o f  t he  data i s s t  i l l c  lass i f i ed and cannot 

be repor ted here, bu t  it appears t h a t  w i t h  c o r r e c t  fabr ica ' t ion p rac t i ce  and 

ca re fu l  c o n t r o l  o f  p a r t i c l e  s ize,  p a r t i c l e  shape, f u e l  concent ra t ion,  and 
I 

cermet dens i ty ,  a  h igh  ' burn-up f ue l  i s  obta inable .  Fai  l ukes can be l i m i  t ed  

t o  s imple l ong i t ud i na l  c racks 'wi ' th  o n l y  a  modest amount o f  swe l l i ng .  The 
' /  ' 

b  l i s t e r  type f a  i l ure somet i mes seen can be v i r t u a l  l y  e  I. im.i nated by c a r e f u l  . 

con+rol o f  f a b r i c a t i o n  processes. 

1.2. HEAT TRANSFER AND FLUID FLOW INVESTIGATIONS 

1 .2.1 . Heat Transfer  Loop 
. . 

The pr imary loop o f  t h e  .neat t r a n s f e r  t e s t  set-up was subjected t o  f i v e  

h o t  p ressur i z ing  t e s t s  dur ing  J u l y  and August. Each t e s t  was shut doan 

. . 



because o f  equipment malfunctions. The f i r s t  t e s t  was shut down because 

the seal i n  the c i r c u l a t i n g  pump siezed. The second t e s t  was shut down 

because the un i pol a r  generator ma I functioned . The t h  i r d  t e s t  was shut '  down . . 
because o f  cool ing water d i f f i c u l t i e s .  Clogging o f  the f i l t e r s  caused t h e '  

f ou r th  shut down. The unipolar  generator malfunctioned i n  the f i f t h  t e s t .  

The maximum pressure afPained i n  the  loop during these t e s t s  was 740 psi 

a t  5090F. 

Modi f icat ions o f  the  unipolar  generator were made, and t e s t s  w i l l  

resume i n  October. 

The low-flow loop add i t i on  was constructed and co ld  tested. Hot t es t s  

w i l l  be made during the next hot  pressur iz ing t e s t  o f  the  primary loop. 

Design o f  the  superheater loop add i t ion  was completed (Figure 1.5.). 

A l l  o f  the mater ia l  f o r  the  loop was ordered, and about 20 per cent has been 

received. Quotes were requested of  prospective fabr ica tors .  - 

A one-pin t e s t  sect ion t h ? t  w i l l  be used f o r  burn-out studies was 

received and i s  being assembled. 

Design of the 10-8-6--pin t e s t  sect ion was completed (Figure 1.6.). A l l  

o f  the mater ia l  was ordered and 90 per cent  was received. 

The conceptual design o f  the  80-64-49-pin t e s t  sect ion was completed, 

and a layout was drawn. 

The layout design (Figure 1 .7.) o f  the  superheater t e s t  sect ion was 

comp I eted , and deta i l draw i ngs are be i ng cohp I eted . 
1.2.2. Low Pressure Air-Water Flow Tests 

To be t te r  understand the  f low phenomena associated w i th  two-phase flow 

and t o  be t te r  p red i c t  the f low cha rac te r i s t i cs  through a b o i l e r  fue l  element, 



low-pressure, air-water f l ow t e s t s  are planned. The hydrau l i c  hold-down 

t e s t  loop , was mod i f i ed t o  accommodate t h e  t es t s .  

The t e s t s  w i I I be conducted' a t  room temperature .and atmospher i c pressure. 

Simulated f u e l  elements w i l l  be inser ted  i n  t he  loop and t es ted  t o  determine 

s i ng l e-phase and two-phase (a i r-water ) pressure drops and f low d i s t r  i bu t  ions . 
The gamma-attenuation void-measuring device w i t  I be used t o  determine bubble 

populat ion and s l i p  w i t h i n  the  t e s t  sect ions.  

The e f f e c t s  o f  var ious end-cap con f igura t ions ,  fue l -p in  and tube-plate 

spacer arrangements, end-support designs, and t r a n s i t i o n a l  reg ions between 

f u e l  bundles i n  a subassembly w i l l  be evaluated. Tests w i t  I begin dur ing the 

next  quar ter .  

1.2.3. Heat Loss from Superheater Fuel Element t o  Moderator 

The heat  losses through the doub le-wa 1 led superheater support tube, a re  

shown g raph i ca l l y  i n  F igure 1'.8. The losses were p rev ious ly  ca lcu la ted  wi thout  

cons ider ing the  r a d i a t i o n  l o s s e s , , L  , and t he  heat loss was there fo re  

ca lcu la ted  again. 
(A23 ) RAD 

The temperature drop across the  s t a i n l e s s  s tee l  wal I s  i s  assumed t o  be 

i ns i gn i f ;cant, and t he  wa l l s are there fo re  represented by T2 and T3. The 

temperature g rad ien t  i n  the  stagnant steam, Tg', i s  assumed t o  be l i nea r .  

Values f o r  TI  and T ' are an output  o f  the  ASTER code (Sect ion 1.4.2.2.). The 
9 

value o f  T3 i s  constant.  The o n l y  unknown quan t i t y  on which t he  heat loss, ' . 

QL, i s  dependent i s  T2. 

Values f o r  T2 were chosen t o  s a t i s f y  t he  heat balance equation, 

IPathf  i nder Atomic Power PI an t  Technical Proqress Report Auqust 1957 - 
March 1958, ACNP-5803, p. 6, 1958. 



Q - / Ql 
(.$),D (A2)FlLM = 0 

( 1 . 1 )  
( ~ 2 3 )  RAD 

where 

A . = ca [(I- C X ~ ~ ) T ~ ~  ( A231 RAD 
- ( I -  a ' g z ) ~ 3 4 ?  , - - 

h = .0214 (Re) '' ( R ) " ~  (1 + 2.3 , 
De L/D 

and where, 

Q = heat t rans fer  r a t e  - Btu/hr 

A = heat t ransfer  area - ftz 

T = temperature - OR 

E =  emiss iv i ty  

a =  absorp t i v i t y  

QL = heat loss t o  moderator 

.O = Stefan-Boltzmann constant - ~ t u / f t ~ - h r - O ~ ~  

h = f i l m heat t rans fer  c6ef f i c  i e n t  - ~ t u / h r - f t ~ - ~ f  

k = thermal conduct iv i ty  - Btu/hr-ft-OF 

De = equivalent diameter - f t  

Re = Reynolds number 

Pr = Prandtl number . . 

L =  l e n g t h -  ft 

x - stagnant steam gap - f t  



The equation, 

QL = [L) +(sj. ] 
A23 RAD A23 COND 

could  then be used i o  c a l c u l a t e  t h e  heat loss:  A l l  values o f  T i  t h a t  

I 
s a t i s f i e d  Equation ( 1 . 1 . )  were equal t o  Tg & IO°F. Therefore, as an 

approximation, the heat loss was c o r r e l a t e d  w i t h  t h e  bu lk  f l u i d  temperature 

o f  t he  outer  f l ow  channel. The c o r r e l a f i o n  obtained i s  g iven i n  F igure 1.9 

and i s  i n  a form t h a t  may be included i n  ASTER. 

1.3.1. B o i l e r  Fuel Elements 

By t he  end o f  t h e  quar ter ,  27,900 rods of  a 28,400-rod order  were 

de l i ve red  by Ma l l i nck rod t ;  3,048 rods o f  a 3,200-rod order  were de l i ve red  

by Sylvania-Corning Nuclear Corporat ion;  and 7,879 rods o f  a 11,800-rod order  

- 
'were .de l i vered by American Lava. The p rec ise  s t a t u s  o f  t h e  Sy lcor  de l i very  

. . 

i s  no t  known a t  t h i s . t i m e  s ince some fue l  mate r ia l  was d i ve r t ed  f o r  use i n  

t n e  f u e l  element f o r  i r r a d i a t i o n  i n  t h e  EBWR. A t  present, about 94 per 

cen t  o f  t he  b o i l e r  f ue l  .rods have been de l i ve red .  

1.3.2. Superheater Fuel Elements 

The manufacturer, M & C Nuclear Corporation, 'received a l l  f u e l  mate r ia l s ,  

. one ha I f o f  t h e  c ladd i ng mater i a  I, and a l l o f  t he  hardware. The s tee l  s t r i k e  , 

i s . de Iay i ng  d e l i v e r y  af the  r e m a i n i n i ~ l a d d ' i n ~  ma te r i a l .  The f ina ' l  develop- 

'mental fue l  tubes w i  I I. be pro$uced. by l a t e  October,. and product ion o f  

superheater tubes .containing enr iched f u e l  w i l l  b e g i n , a t  t h a t . t i m e .  Complete 

de l i very i s  expected by t h e  l a t t e r  p a r t  o f  December. - - 

, . 
. .  . 



1.4. FUEL ELEMENT MANUFACTURING RESEARCH AND DEVELOPMENT 

1.4.1. B o i l e r  F'uel Element 

1.4.1.1. Mechanical Design. A l t e rna te  Desiqn. An a l t e r n a t e  design 

o f  t h e  boi l e r  f ue l  element was s tud ied.    he extruded tube-p la te  subassembly 

has been e l im i r ia ted  from cons idera t ion .  The a l t e r n a t e  design cor i s i s ts  o f  

n i ne  subassemblies welded i n t o  an aluminum box a t  t he  bottom.end on ly .  Each 

subassembly w i l l  cons i s t  o f  n ine f ue l  p ins  connected together  by  formed s t raps  

as shown i n  F igure 1.10. The ends o f  the  s t raps  w i l l  be captured i n  s l o t s  i n  

t h e  aluminum'box. 

The new d e s i g n , i s  expected t o  prov ide greater  l a t e r a l  r i g i d i t y  bu t  less 

a x i a l  r i g i d i t y  than the  previous extruded-plate design. Increased l a t e r a l  

r i g i d i t y  i s  requ i red  t o  decrease v i b r a t i o n  i n  t he  n ine-p in  subassemblies. The 

reduc t i on  i'n a x i a l  r i g i d i t y  i s  requ i red  t o  reduce t he  res is tance  o f  t he  

subassemblies t o  d i f f e r e n t i a l  expansion between f'uel rods.  D i f f e r e n t i a l  - 

expansion would be caused by neutron f l u x  g rad ien ts  across a f ue l  element. 

The s l o t s  t h a t  secure t h e  end o f  t h e  formed s t raps  a1 low each subassembly t o  

expand f r e e l y ,  and d i f f e r e n t i a l  expansion.should no t  apprec iab ly  a f f e c t  t he  

shape and s t ra igh tness  o f  the  a lumi num box. 

The new design was simulated i n  t he  subassembly t e s t  descr ibed i n  ' . * . 

Sec t ion  1.1.3.1. The degree t o  which v i b r a t i o n  w i l  l be decreased w i l  1 be 

determ i ned by t e s t s  descr i bed be low. 

Fuel Pins. The f ue l  p ins  used a re  o f  th ree  d im in ish ing  diameters a l l  i n  

a 9-by-9 square a r ray .  The d im in i sh i ng  diameters a re  expected t o  compensate 

f o r  increased steam con ten t  i n  the  upper area o f  t h e  co re  i n  e s s e n t i a l l y  t he  

same manner as  the.8-by-8 and 7-by-7 square a r rays  o f  t he  re ference design. 



It was decided t h a t  the fuel  element should be designed so t h a t  the 

cladding i s  always col lapsed,on the fue l  pe l l e t s .  This arrangement i s  

required t o  e l iminate hot  .spats t h a t  would develop as a r e s u l t  o f  poor heat 

t ransfer  across the pe l le t -c lad  inter face.  

There i s  a cons i dorab l e  d i f ference i n  the temperatures o f  the  c lad  and 

the  center o f  the  uranium dioxide pe l l e t s .  Although the  expansion c o e f f i c i e n t  

o f  uranium diox ide i s  much lower than t h a t  o f  aluminum, the axpal and r a d i a l  

thermal expansion o f  the p e l l e t  i s  greater than t h a t  o f  the cladding'because. 

o f  the temperature d i f ference . ' ~ r o s s  p l a s t i c  s t r a  i ns i n the c l add i ng may 

therefore r e s u l t .  

Cyc l ic  s t ra ins  induced by p e l l e t  expansion and external pressure were 

calculated and were f w n d  t o  be well  w i th in  the p l a s t i c  range o f  t he  cladding 

mater ia l .  Thermal fa t igue i n  the p laskic  region i s  a func t ion  o f  the  c y c l i c  

p l a s t i c  s t r a i n s  and .a mater l a  l constant t h a t  must ail so be eva l uated. The 

p l a s t i c  s t r a i n  range w i l l  be determined by the behavior o f . t h e  ur,anium diox ide 

pe l l e t s .  The material  constant i s  a property pecul iar t o  the cladding material  

and the temperature var ia t ions .  

Data from which the  c y c l i c  s t r a i n  range may be determined should be 

forthcoming from the capsule and subassembly i r r a d i a t i o n  t e s t s  discussed i n  

Section I . I . Tests t o  deternti ne the mater i a l constants required f o r  a prec i se 

thermal fa t igue analysis are being pianned. I n  add i t i on  an out-of-reactor t e s t  

o f  an aluminum-clad uranium diox ide bushing heated by an a x i a l  tungsten wire 

t o  determine thermal fa t i gue  i s  planned. 

Nozzle Spring. The spr ing t h a t  supports each b o i l e r  fue l  element a t  the. 

g r i d  p la te  was t e n t a t i v e l y  designed. Space l im i ta t i ons  demand a spr ing  w i th  



a r e l a t i v e l y  h igh  sp r i ng  r a t e  and a minimum w i r e  s ize.  lnconel was chosen 

f o r  i t s  n e g l i g i b l e  creep r a t e  below 600°F and i t s  h i gh  a l lowab le  s f r ess  i n  

t o r s i o n  (55,000 t o  80,000 p s i ) .  

Conventional equat ions were used t o  make t h e  necessary . ca lc ,u la t ions.  . 

The loads on t h e  sp r i ng  c o n s i s t  o f  t h e  sum o f  t h e  bd i  l e r  , f u e l  weight, fhe 

pre-compressi on when t h e  hold-down g r i d  i s  lowered . i n t o  place, and t h e  1.oa.d 

r e s u l t i n g  from t h e  d i  f f e r e n t i a  l thermal expansion between t h e  boi  l e r  . fuel  

elemeni and t h e  reac to r  vessel .  ~ s s u m i n g  t h a t  t h e  ,modul.us i n  t o r s i o n :  i s  . 

6 I !  x 10 ps i ,  t h e  a l lowab le  s t r ess  o f  inconel i s  60,000 ps i ,  t h e  +herma1 

expansion i s  0.375 inches, t he .we igh t  o f  t h e  b o i l e r  f u e l  element i s  200 Ibs, 

and t h e  load due t o  pre-compression i s  35 Ibs, a sp r i ng  w i t h  t h e  f o l  lowing 

dimensions i s  necessary: 2.5 a c t i v e  c o i l s  and 4.5 t o t a l  c o i l s  ( w i t h  ends 

squared and ground), a sp r ing  r a t e  o f  171 I b / in ,  a f r e e  length o f  3.520 inches, 

a t o t a l  capac i t y  o f  300 Ibs; a mean diameter c o i l  o f  4.269 inches, and a w i r e  
. - 

diameter o f  .394 inch (4-0 gage WbM). The maximum s t r e s s  f o r  which t h e  

sp r i ng  i s  designed i s  59,200 ps i .  

A to le rance  i n v e s t i g a t i o n  based on data publ ished by t h e  Spr ing 

Manufacturer's, Assoc ia t ion,  Inc.  i nd i ca tes  t h a t  t h e  sp r ing  w i l l  r e q u i r e  

spec ia l  q u a l i t y  c o n t r o l  t o  ob ta i n  t h e  u n i f o r m i t y  requi red.  

1.4.1.2. . Tests. - Experimental S t ress  Analys is .  A t e s t  program was 

formulated t o  determine experimental l y  t h e  s t resses i n  t h e  s t r a p s  and t h e  

s t resses i n  t h e  r o d  sec t  ions o f  - t he .  a l t e r n a t e  f ue l  element subassemb l ies.  

A group o f  rods and a s t r a p  w i  l l be mounted i n  a f i x t u re ,  and strbi n s b f  a 

known magnitude w i l l  be imposed w i t h  se t  screws. 

Water-Lowed Fuel Pin.  I f  t h e  claddi.ng o f  a f u e l  p i n  devel.opes a p in -  . . 

h o l e  defect ,  t h e  p i n  would probably, become f i l l e d  w i t h  water (water-logged) 



a f t e r  a  shut-down. When t he  reac to r  i s  s t a r t e d  up, two t h i ngs  may happen 

t o  the  f ue l  rod: I )  t h e  steam formed may escape before b u i l d i n g  up a pressure 

s u f f i c i e n t  t o  r up tu re  the '& ladd ing ,  9 r . 2 )  t he  ho le  may become plugged, and 

t he  r o d  may rupture,.' A pre l im inary 'ca l .cu la t ion  'shows t h a t  power generat ion 

dur i  ng s t a r t - up  i ncreases s  low l y  enough t o  a l low t h e  steam . to-escape through 

a ho le  as 'smaf 1 as 0.005 inches i n  diameter, and t h i s  a l t e r n a t i v e  should present 

no prob'lem. The- magnitude o f  t ne  ptob lem presented. by c  l  ogg i ng o f  t h e  p i  n  ho le  

a f t e r  shut-down i s .  no t  known. However, a  t e s t '  i s  be i ng designed t o  determi ne 

what might  ha'ppe" dur ing  s tar t -up.  i f  t h e  p i  n  'hole becomes plugged. 

Bo i l e r  Fue l Rod . V  i b r a t  ions. V i b r a t  i on o f  t he  bo i l e r  fire l -e l ement rods  a re  

p a r t i c u l a r l y  important ' in t he  Pathf inder  r eac to r .  Excessive amplitudes may 

c o n t r i b u t e  t o  f l a k i n g  o f f  o f  t h e  protect . ive  co r ros ion  . f i l m  on t he  aluminum 
. . . . 

c  I add i ng . The s t r a  i ns caused by h  i gh amp l i tudes may b e  -i n t o  l erab l e  when 

combined w i t h  o thers .  When the'  f ue l  rods a re  v i  brat ' i  ng w i t h  a  h igh  amp1 i tude, 

t h e  nuclear c h a r a c t e r i s t i c s  o f  t he  r eac to r  coul  d  be af ' fected. Burgreen, &.al . 2 

. . 

have o u t  l i ned t h e  var iab les  and expected v i  b r a t  ions i nduced i " rods by a  s  i ng l  e- 

phase f l u i d  f l ow ing  para.lle1 t o  the  rods. I n  t he  Pathf inder  a  two-phase f l u i d  

w i l l  be f l ow ing  p a r a l l e l  t o  t h e  f ue !  rods. 

A t e s t  ?Fogram was formu l ated t o  determi ne t h e  e f f e c t  ' o f  two-phase para l l e l 

f l ow  on t he  v i b r a t i o n  o f  t he  rods and t o  determine i f  The frequency and. ampl i tude 
. . 

o f  the  v i b r a t i o n  can be p red ic ted  by t he  equat ions presented by 0. Burgreen, 

et .  a l .  o r  by some o ther  means. A. p a r t i c u l a r l y  h e l p f u l ' . a n a l y t i c a l  t o o l  would be -- 
. . 

a  be l a t i onsh  i p between the' S i  b r a t i d n  cha ra t t e r  i s t i c s  and t h e  vo id  f r a c t i o n  . f o r  

var ious f  lu ' id  ' v e l o c i t i e s .  ' . , 

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

2 0. ~ u r i r e e n ,  J .  J . .  'Byrnes, and D.. "M. ~ e u f o r a d d ,  V ib ra t i ons  o f  Rods Induced by 
Water i n  Para.1 l e l  Flow, ASME Paper No, 57-A-94, 1957.. ~ 

. . 



The cor re  l a t  i ons presented by Burgreen, et.  a I. are 

and 

where, 

f = frequency cps 

g = accelerat ion o f  g rav i t y  

E I Young's modulus 

I t moment o f  i n e r t i a  

Pr  a rod densi ty  

A - cross sec t i  ona l area 

L = length between support 

= amplitude o f  v i b r a t i o n  

D = hydrau I i c diameter 

K I  r load-defiection end - f i x i t y  fac tor  

r = non-dimensiona'l v i  b r a t  ion parameter = Pw v2 L ~ / E  I 

fi = non-dimensional v ib ra t i on  parameter . 

The fo l low ing r e s u l t s  were.obtained when Eq'lations (1.3, 1.4) were appl ied t o  

the  geometry and condi t ions present i n the Pathf i nder : 

Fuel Rod Type Frequency Ampl i tude . 
(CPS) (mi I s )  

18 inch long, .040-inch AL c lad  52 

18 inch long, s o l i d  AL 71 .5 . 

18, inch long, 0.025-inch Z i r c  c lad  48 

36 inch long, 0.025-inch Z i r c  c lad  12 26.8 
/ 

I 



The exper i menta l program cu r ren t  l y proposed i nc l udes t h ree  phases. 

Phase I cons i s t s  i n  fo rmu la t ing  methods t o  measure v i b r a t i o n  w i t h  s t r a i n  

gages and determining t he  rod  E l  product and end f i x i t y .  Dur ing Phase 2, 

t h e  most accurate method o f  measuring vo id  f r a c t i o n  and water v e l o c i t y  w i  j l 

be determined. (Th is  i s  c u r r e n t l y  a most important problem.) Phase 3 w i l l  

c o n s i s t  o f  bas ic  t e s t s  using a s i n g l e  r od  and a two-phase para1 l e l  f l u i d  

f low.  

1.4.2. Superheater Fuel Element 

1.4.2.1. Design Status.  Reference D e s i s n .  The re ference design f o r  

t h e  superheater f ue l  element i s  an annular-type f ue l  element w i t h  t h ree  

p a r a l l e l  f l ow  channels and two c y l i n d r i c a l  fue l -c ladd ing sandwiches. The 

f ue l  mate r ia l  considered f o r  use i s  a uranium d iox ide,  s t a i n l e s s  s tee l  cermet. 

I r r a d i a t i o n  s tud ies  o f  t h i s  f u e l  were discussed i n  Sect ion 1 . 1 .  A t  present, 

work i s  con t inu ing  i n  opt imi  z ing  t h i s  design by bse o f  an IBM 704 EDPM code. 

Th is  work i s  discussed below. Work began on development o f  a low-enrichment 

superheater f u e l  element. h i s  work i s  discussed i n  SectLon 1.6. 

1.4.2.2. all is-Chalmers Superheater Temperature Eva lua t ing  Rout ine 

(ASTER). Descr i  p t i on .  The IBM 704 EDPM code, which was p rev ious ly  designated 

t h e  Nuc lear  Power Superheater Thermal Code (NPSHTC), i s  now designated the  

all is-Chaimers Superheater Temperature Eva lua t ing  Rout ine (ASTER). ASTER was 

designed t o  obta i r l  t h e  bulk coo lan t  temperatures, wa l l  temperatures, and 

pressure drop i n  a superheater type f u e l  element. The code was designed f o r  an 

annular-type fue l  element w i t h  a maximum o f  f i v e  p a r a l l e l  f l ow  channels and 

four  c y l i n d r i c a l  fue l -c ladd ing sandwiches. The geometry o f  such an element i s  

shown i n  F igure 1 . 1  I .  The code w i t h  appropr ia te  mod i f i ca t i on  may a l s o  be 

appl  ied t o  a f ta t -p la te  f ue l  element. 



ASTER includes the fo l low ing special features: 

I )  Allowance i s  made f o r . h e a t  losses from the outer f low channel. 

2) Allowance i s  made f o r  the e f f e c t  o f  a h e l i c a l  wii-e spacer. 

3)  The e f f e c t  o f  t he  temperature a t  both sides o f  the sandwiches 

on tha heat release from each side i s  considered. 

4 )  A I l propert ies, both nuc lear  and fherma I, a l though i nc I uded 

i n  the  code, may be convenient ly a l t e red  o r  replaced. 

Operation. The operat ion o f  ASTER i s  shown i n  Figure 1.12 and may be 

described as fol lows: 

I )  The operator i n i t i a l l y  se lects the fue l  element geometryand 
, . 

makes a rough approximation o f  t h e -  f low r a t e  i n  each. channel . .   he geometry 

selected i n . t h e  present app l i ca t i on '  i s  the geometry o f  the Pathf inder '  super- 

heater fuel  element. . . 

2) ASTER ca l'cu la tes '  the f l u i d bu l'k temperahre, wa l I. temperatures, 
. . . , 

and pressure drop f o r  each f l ow  channel. 
. . 

3 The. pressure drops f o r  each channe I are compared. I f  the 
. . . . 

d i f ference between 'pressure drops i s greater than 0.033 per cent  af the  

maximum channel press,ure drop; ASTER calculates.new channel f low ra tes  . u n t i l  

these cond i t i  ons are sa t  i s f  ied  . . . . . 

4)  The f i n a l  pressure drop i s  compared w i th  a data input  pressure 

drop which i s  the calculated pressure drop f o r  an average fue l  element. I f  

the two values are not  w i t h i n  0.033 per cent, the  t o t a l  f low r a t e  i s  adjusted 

and steps 2, 3, and 4 are  repeated.. 

5) Results a re  pr in ted  out  .when these condi t ions are sa t i s f i ed .  



Program . Inpu t  Data. The f o l  lowing inpu t  data ,is requi red:  

I )  a l l  geome t r i ca l ' f a c to r s ,  .. . . . - , 
. . . . . .  . . . , . 

2) . tota ' l .  f ue l  .element 'heat generaticin, . .' . . 

39 ' t o t a  l 'bu l'k h.ot =hqnnel fac to r ,  

. 5) i n l e t f l u i d p r o p e r t i e s , : '  . .  , 

. . 
6) c.ond.uction parameters,; . .  

I 

. " ,  7 )  f low channel .I.ength, ' .  - , . . - -  

. . 

.8).'. mass . f low. ab&.e and below t h e  f ue l  -element, 

. . 
. . 

. . : 4 )  . . ' t o t a  I f i I m, h o t  channel, - fac to r ,  
, . .  . . . .. . . 

. -. . 

. . . . 

-.. 9).; .f.i i m  heat t r d n s f e r  c0ef.f i c i e n t  c o r r e c t  ion fac to rs ,  
. , 

. lo) i n.i t i a  l f low estimates, and 
. . 

. . . . 
1.1 . )  '!i sc&l  Janeous . . program ~ , ~ e c ' i f  i c a t i o n  i nformat ion.  

. . 
. . 

Prosr&n b" tpu- i= : .~ata.  . . ,The. f o l  lowing data may be' obtained from ASTER: 
. . . 

. I ) , a l I i f low r a i e s  cons i,dered except. f o r  t h e  i n  it i a  l 
.- . 

. . 
. . , ' -est imates ' i f .  f low' ra te ,  . . .  

. . 
. . .  . . . .. . . . .  . 

' . .  2). 'bu I k and w a  l l temperatures fir.: a l'l channels a t  va r ious  
. . .  

pos i t i ons  al.ong t h e  length of t h e  channel, 
. . . . 

3 ) .  maximum bu lk  and wa l l  tempera'ture f o r  each f low channel, 
. . . . ,  

4)  c h a ~ n e l  f:low r&s and tdta,l'. f l ow  ra tes ,  and 
. ... . . . . 

. . : 5) - -pres.sure drop i n  each channel. 
. . 

. . . . . . .  . . . . 
.. . 

I .5. NUCLEAR HANDL I NG TOOLS, COFF I NS, SHJ PPI NG CONTA I NERS . . '  

- The ?ne-'eighth co re  rock-up i s  95 per cen t  complete and 'most compbnents . 
. 

. . 

. . .were inspected.  he 40-foot . . hand1 i ng tank t h a t  w i  I I c o n t a i n  the-mock-up i s  
. , .  

now f i l led  w i t h  reactor-grade demi nera l ized w a t q  and i s: ready f o r .  i . "ser t ion 

. . ' o f  t h e  t e s t  u n i t .  . . .  

. . '. . 

2 1 



A one h a l f  ton crane f o r  handling b o i l e r  fue l  elements was ordered. 

and construct ion o f  a prototype se t  o f  t o o l s  fo r .hand l ing 'bo th  the  b o i l e r  

and' superheater fuel  elements i s  near l y complete. 

1.6. LOW-ENRICHMENT SUPERHEATER FUEL ELEMENT 

1.6. 1 ; Design s ta tus  . 

A research and development program was i n i t i a t e d  f o r  <low-enrichment 

superheater fue l  elements f o r  t he  Pathfinder. A fue l  element w i t h  the  

fo l low ing cha rac te r i s t i cs  i s  desired: a low-enrichment fuel ,  high heat 

t rans fer  propert ies, good mechanical strength, high corros ion resistance, 
I 

.good i r r a d i a t i o n ' s t a b i l i t y ,  containment f o r  f i s s i o n  gases, and simple 

fab r i ca t i on  processes. 
. 

Since considerable data i s  ava i l ab le  on uranium'dioxide ceramic fue l s  

w i t h  s ta in less  steel  cladding, a superheater f ue l  element using these 

mater ia ls  should requ i re  the  least  t ime t o  develop. The development of such 

a fue l  element w i  l l there fore  be emphasized. A t  least  three d j f f e r e n t  fuel  

conf igurat ions appear promising and w i  l l be invest igated t o  determine ease 

o f  f ab r i ca t i on  and heat t rans fer  charac ter is t i cs .  The conf igurat ions are 

shown i n  F igure 1.13 w i t h  the  reference design o f  the  Pathfinder super- 

heater fuel  element. 

The R 8 D program i s  planned i n  two sections. The f i r s t  sect ion i s  a 

six-month in t roductory study o f  mater ial  proper t ies and fabrication 

processes. The second sect ion i s  a two-year advanced research and . 

development program. 

The f i r s t  sect ion o f  t he  program consis ts  o f  two phases. The f i r s t  phase 

i s  a programmatic data survey t o  determine general mater ia l  properties, 



the  uranium d iox ide  products ava i lab le ,  uranium d iox ide  suppl iers ,  

f a b r i c a t i o n  processes and equ i pment, and character  i s t  i c s  o f  var ious f  ue l  

e  lement conf i gura t  i ons . Methods o f  i ncreas i ng therma I c o n d u c t i v i t y  and 

mechan i ca I s t r eng th  o f  ceramic f ue l mater i a  1 s' w i I I .  be s tud i ed . 
The second phase i nc l  udes a  fab r  i c a t  i on study o f  uran i um d  i  ox i de ' f  ue l 

- 
elements us ing known data and proven technology. The study includes s tud ies  

o f  powder propsrat  ion, compact ion and consol i dat ion,  s i  n te r  i ng and densi'f i - 
cat ion,  c ladd ing  s tud ies,  t es t i ng ,  and eva lua t ion .  

The programmatic data survey and ceramic f a b r i c a t i o n  s tud ies  were , - 
i n i t i a t e d  du r i ng  t h e  r e p o r t  per iod.  

1.6.2. Tests and Studies 

1.6.2.1. Programmatic Data Survey. A l i t e r a t u r e .  survey was i n i t i a t e d .  

The i n i t i a l  s tud ies  were l i m i t e d  t o  eva lua t ion  o f  r e p o r t s  on methods o f  - 

f a b r i c a t i n g  uranium d iox ide  f ue l  bodies us ing proven ceramic f a b r i c a t i o n  

processes. Data on uranium d iox ide  powder charac te r i s t i - cs ,  l ub r i can ts ,  . 

se l ec t i on  and use o f  organic  binders, se l ec t i on  and use o f ' d e n s i t y  improving 

add i t i ves ,  methods o f  compaction and conso l ida t ion ,  s i n t e r i n g  cyc les  and 

atmospheres, and f a b r i c a t i o n  procedures were obta i ned. The survey i s  

con t  i nui ng. 

1.6.2.2. Ceramic Fabr i ca t ion  Studies.  S ta in less  Steel  Powder. I n i t i a l  

r e s u l t s  of t he  data survey a re  being used t o  make f a b r i c a t i o n  s tud ies.  P r i o r  

t o  working w i t h  uranium d iox ide  powder', however, personnel a re  being t r a i n e d  

i n  laboratory  techniques and handl ing procedures f o r  r a d i o a c t i v e  ma te r i a l s .  

C y l i n d r i c a l  p e l l e t s  o f  t he  uranium d iox i de  type were made from 302 s ta i n l ess  

s tee l powder ' f o r  t h  i s  purpose. 



The procedure used t o  make the p e l l e t s  was as fol lows: as-received 

s ta  i n less stee l powder i s s i eve-ana I yzed t o  obta i n powder pa r t  i c l es o f  

-325 t o  +400 mesh s i ze (34 t o  44 microns i n  diameter). The powder i s  then 

mixed w i th  a so lu t i on  o f  0.4 t o  2.0 w/o Sterotex i n  acetone. The Sterotex 

ac ts  as a d ie  lubr icant .  The mixture i s  blended t o  e f f e c t  proper d i s t r i b u t i o n  

o f  the Sterotex; the mixture i s  pressed i n t o  p e l l e t s  i n  hardened steel  dies. 

Pressures between 30 t o  100 t s i  are used t o  compact p e l l e t s  0.388 inches i n  

diameter by 0.500 inches i n  length. 

About t h i r t y  p e l l e t s  were made. The green or as-pressed density o f  the 

pel l e t s  ranged from 60 t o  66 .per cent o f  the theore t ica l  density.  A pe.l l e t  

pressed a t  140 t s i  had a green densi ty  o f  67 per cent o f  the theore t ica l  

densi ty .  

An attempt was made t o  s i n t e r  the green p e l l e t s  i n  a hydrogen-atmosphere 

furnace. The s i nter  i ng cyc le consisted i n  exposure a t  1650 t o  1 700°c f o r  

,/ per iods o f  one t o  f i ve hours. Hi  gh-dens i ty ,  c I ean pel l e t s  were. not  obta i ned . 
This shortcoming may have been due t o  the presence o f  excessive water vapor 

i n  the hydrogen gas and/or t o  cha rac te r i s t i cs  o f  the furnace i t s e l f .  Visual 

dimensional inspect ion was made t o  evaluate the pel l e t s  f o r  swel l ing, 

shrinkage, laminations, warpage, e fc .  Work i s  cont inuing w i th  more care fu l  

cont ro l  of  the  s in te r i ng  cycle. 

Uranium Dioxide. Some uranium diox ide fab r i ca t i on  studies were i n i t i a t e d .  
I 

The i n  i t i a I i nvest i gat ions were made on powder character i s t  i cs and f abr i ca t  ion 

procedures. Depleted uranium diox idc from Shattuck Chemical Company was 

used. The powder was anal ysed t o  determine mesh f r a c t i o n  and p a r t i c l e  s i  ZL and 

d i s t r i b u t i o n .  About 80 per cent o f  the l o t  was found t o  be less than -325 i n  



size, i .e. less than 44 microns i n  diameter. The powder appeared t o  consis t  

o f  ceramic-type mater ia l .  The p a r t i c l e s  were agglomerated st ructures made 

up o f  several attached c r y s t a l l i t e s  ra ther  than o f  s ing le  c rys ta ls .  

- Two f i ve-batch l o t s  o f  powder were prepared f o r  compact i on, s i nter  i ng, 

and density studies. One l o t  was made of the as-received uranium dioxide 

powder, and the second l o t  was made o f  ba l l -mi l led  uranium dioxide powder. 

The lo+ o f  ba l I -mi I  led powder was made as f o l  lows: 600 grams o f  as-rece i ved 

uran i um diox ide o f  -325 mesh were placed i n a one quart  conta i ner wi th 500 
' ' 

grams o f  high-density alumina bal Is .  The powder was blended f o r  24 hours. 

A batch from each l o t  was blended w i th  the fo l low ing lubr icants and/or binders: 

0.2 w/o Sterotex, 2.0 w/o Carbowax, 2.0 w/o polyv iny l  aJcohol, 0.2 w/o 

Sterotex - 2.0 w/o Carbowax, and 0.2 w/o Sterotex - 2.0 w/o polyv iny l  alcohol.  

The Sterotex i s  added as a so lu t ion  i n  acetone; theCarbowax and .polyvinyl 

alcohol are added as a so lu t ion  I n  wafer. The powders blended w i th  lubr icants 

i n  acetone could be' pressed immediately, but  the powders containing the water 

so lu t ions  are f i r s t  d r ied  a t  60°c f o r  24 hours. 

Seven pel l e t s  w i l l  be pressed from each o f  the ten batches. Pressures 

between 30 and 80 t s  i , i n .I 0-gm i ncrements, w i  I  I  be used. A f te r  the pel l e t s  . 

are formed, they w i  I  I  be s intered i n  a dry hydrogen furnace a t  1650 t o  1 7 0 0 ~ ~ .  

The best combinations o f  lubr icant,  binder, and forming pressure w i l l  be 

selected on the basis o f  lami nation, derisi t y ,  shr i nkage, and other  physical 

aspects . 
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2.  REACTOR MECMMI CAL STUD l ES 

Upon i n i t i a t i o n  o f  t h e  mechanical design s tud ies  o f  t h e  reactor ,  

all is-Chalmers decided t o  use t h e  design c r i t e r i a  provided by Sect ion V l l l  

o f  t h e  ASME Pressure Vessel Code. Tb i s  sect ion,  en t i t l ed  "Unf i red 

Pressure Vessel s," was adopted over Sect ion I, "Power Boi l ers," f o r  

reasons g iven prev ious ly .3  The Ha r t f o rd  Steam Boi l e r  Inspect ion and 

Insurance Company, ASME Inspect ion Agency t o  all is-Chalmers fo r ' des i gn  

approval, suggested t h a t  an op in ion  be obtained from t h e  s t a t e  o f  South 

Dakota regard ing t h i s  matter.  

The s t a t e  o f  South Dakota concurs w i t h  Al l is-Chalmers t h a t  

Sect ion V l l l  i s  more app l i cab le  than Sect ion I f o r  t h e  design o f  t h e  

Pathf i nder r eac to r  vessel .  The S ta te  Engineer approved4 use o f  these, 

design c r i t e r i a  sub jec t  t o  t h e  approval o f  t h e  AEC Hazards Eva lua t ion  

Branch and t h e  Advisory Committee on Reactor Safeguards. 

The conceptual and f i n a l  design phases a re  proceeding on t h e  bas is  

t h a t  approval w i l l  be granted. The conceptual designs o f  most components 

i s  complete. The f i n a l  designs a re  we l l  underway. 

2.1. VESSELS AND STRUCTURES 

2.1.1. Vessel She l l  and Nozzles 

2.1.1.1. Design Status. Conceptual Desiqn. Conceptual design of  

t h e  vessel s h e l l  and nozzles i s  complete pending r e s u l t s  o f  t h e  

'F'athf i nder Atomic Power P lan t  Technical Proqress Report, Ap r i  l 1959 - 
June 1959, ACNP-5915, p. 20, 1953. 

4 ~ t r .  , Sta te  of South Dakota, O f f i c e  o f  t h e  S ta te  Eng i neer t o  
W .  N. Marx, Manager, Northern States Power Co., J u l y  30, 1959. 
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radiographic proof t e s t s  discussed below. A l I *  vessel nozz l es 

(Figure 2.1) w i t h  exception o f  t he  support sieeves o f  the  cont ro l  rod 

dr ives and the  r e c i r c u l a t i o n  discharge nozzles are o f  the  saddle type. 

The cont ro l  rod  dr ives are spaced i n  such a way t h a t  saddle-type 

nozz les cannot be used. Therefore, 3-1/2 inch diameter schedule 80 

inconel pipes w i l l  be used'as mounting sleeves a n d ' w i l l  be welded i n t o  

the  upper reactor  head w i th  f u l l  penetrat ion welds. This  type of nozzle 

design i s  permit ted under condi t ions ou t l i ned  in.,special . .  code case 1273N, 

paragraph ( 6 ) .  The welds w i l l  be inspected by fhe best radiographic 

methods. The welds w i l l  a l s o  be examined by l iquid-penetrant and 

magnetic-partic l e  methods t o  fu r the r  prove t h e i r  soundness. 

The complex shape of a sadd 1e.-type nozz l e  makes the  nozz l e  fo rg ing  

fo r  a large opening i n  a c y l i n d r i c a l  she l l  very expensive. I n  an 

e f f o r t  t o  reduce the cost, the  rec i . rcu la t ion  discharge nozzles i n  the 

lower sect ion o f  t he  vessel w i !  6 be fabr ics ted  o f  r o l l e d  ASTM A212-B 

p late.  A 10-degree taper a t  the  weld preparat ion should f a c i  l i t a t e  

radiographic exami r?at'io.n. ' 

. . 

F i na 1 Desi nn, F i  na l design o f  the vessel she1 l i s proceedi ng on 

the  basis t h a t  approval o f  the  AEC Hazards Evaluat lon Branch and the  

Advisory Committee on Reactor Safeguards w i l l  be granted. Major items 

remaining i n  t h e . f i n a l  design include thermal and hydraul ic  shock . 

ana lys i  s o f  t h e  vessel she! 5 .  

F ina l  design o f  the nozzles depends on the  outcome o f  the  radio-  

graphic proof t e s t s  as in terpreted by the  Har t fo rd  Steam Boi l e t  

l nspecti on and l nsurance company. F i  na l design and fab r i ca t i on  o f  the  



nozz les  w i  l  l proceed as soon as t h e  t e s t s  a re  completed and approval i s  

granted. 

Fabr i ca t ion .  The vessel neck and lower head were'ordered. F'inaI 

quotes a re  being obtained f o r  t he  fo rg ings  fo r  t h e  instrument nozzle, 

l i q u i d - l e v e l  con t ro !  nozzle, r e c i r c u l a t i o n  disoharge nozzles, main 

I1 f l ange  f o rg i ng  and t h e  f l u e  r i n g .  F i na l  quotes a re  a l s o  being obtained 

~ 

f o r  t he  bottom.head and t he  p l a t e  mate r ia l s .  

2.1.1.2,. Tests and,Studies.  Saddle-Tvpe Nozzle. The connect ion 

weld f o r  a saddle-type nozzle i s  i n  t h e  vessel s h e l l  we l l  away from t h e  

o u t e r . w a l l  o f  t h e  nozzle. Th i s  t ype  o f . des ign  lends i t s e l f  t o  unquestion- 

ab le . rad iograph ic  examinatior!. . , 

Mountins Sleeve o f  Control  Rod Dr ives.  A f u l l - s c a l e  rad iographic  

. t e s t  o f  t h e  mounting sleeve using ceramic inc lus ions  ' i s  i n  progress t o  

determi ne t he  va l i d  i t y  o f  rad iographic  inspect ion o f  t he  f  u l l  pene t ra t ion  

welds. The we1 ds w i l l  a l so be examined by l iqu  i d-penet;ant and magnetic- 

p a r t i c l e  methods t o  f u r t h e r  prove t h e i r  soundness. 

Rec i r cu l a t i on  Discharqe Nozzles. The all is-Chalmers Non-Destructive , 

Test  Department reviewed t h e  design o f  t h e  r e c i r c u l a t i o n  discharge 
. . 

.nozz l e. The department be'l i eves t h a t  mean i ngf u l radiographs o f  t he  

.. we Ids a re  possi b l e 'w  i t h  i t s  excel  l e n t  be ta t ron  fac' i  l  i t  i'es. Radio- 

' 

graphic t e s t s  a re  i n  progress using a f u l l - s c a l e  mock-up' o f  t h e  

.' . .  r e c  i r c u  l  a t  i on d i  sch.arge nozz.1 e. S i mu l ated ceramic i nc l  us i ons .w i l l  be 
. . 

' 

placed a t  va r ious  posi ti 0n.s arid o r i e n t a t i o n s  i n  t h e  .we l  ds. 
t .  \ 

Hard Model Test.  Due t o  recen t  changes i n  the ,des ign  o f  t h e  . 
. . 

. . 
. . r e c i r c u l a t i o n  . . .  suc f ion  nozz I&s  (F igure  2. 1 . I ,  t h e  lower sec t ion  o f  the.  

v-esse! !ends i h e l  f .  more read i  l  y  t o  a n a l y t i c a l  .,one l y s i  s, I n  the  l i g h t  
. . 

. . . .  . . . 
. . .. 
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of  these changes, the  t e s t  of a quarter-scale aluminum model cannot be 

j u s t i f i e d .  This  t e s t  was there fore  cancelled. 

Coolant D i s t r i b u t i o n  Test. Tests of the  new quarter-scale wooden 

model of t he  reactor  i n  l e t  sect ion were completed. A f i na l repo r t  was 

5 w r  i t ten .  
, 

Flow d i s t r i b u t i o n  patterns through the  simulated fue l  element nozzles 

show a v a r i a t i o n  o f  + 5 per cent from the  average flow w i th  a l l  three 

blowers operat ing and v a r i a t i ~ n s  o f  + 10 per cent from average w i t h  one 

o f  the  blowers shut-down. A t y p i c a l  f low pat te rn  w i th  th ree  blowers 

' - operat ing i s  shown i n  Figure 2.2. 

The energy loss through +he plenum was approximately 1.8 t imes t h e  

ve loc i t y  head i n  the  i n l e t  pipes. This  gives an expected loss fo r  the  

i n l e t  sect ion o f  the  reactor  of 10.6 fee t  o f  water< 

Thermal Shock Studies. Therml  shock studies o f  the  vessel she l l  

a re  now i n  progress. A large p a r t  o f  t he  analys is  i s  being done w i th  an 

IBM 704 d i g i t a l  computer. 

2. 1.2. Bol ted Flange Closure 

2.1.2.1. Design Status.. conceptual - Desiqn. Conceptual design of 

the  bol ted f lange'closure i s  complete pending r e s u l t s  o f  the  f u l l - s c a l e  

c!osure t e s t s  described below, 

2.1.2.2. Tests. Fukl-Scale Closure Test. A f u l l - s c a l e  c losure t e s t  

o f  tpe bo l ted  f lange c losure w i l l  be conducted. The t e s t  vessel w i l l  

consis t  o f  two, f langed, pressure vessel heads bol ted together. -The 

'J .  W i  lson and R. S t i  les, Pathfinder Atomic Power Plant F ina l  Report on 
Coolant D i s t r i b u t i o n  Test, ACNP-5920, 1959. 



t o p  head i s  designed t o  t h e  s p e c i f i c a t i o n s  f o r  t h e  Pathf inder  reac to r  

vessel head, and t h e  lower head i s  designed t o  s imulate  t h e  pressure 

vesse I  . An assemb l y  drawing o f  t he  vessel i s '  shown i n  F igure  2.3. 

A schematic diagram o f  t h e  ins t rumentat ion i s  shown i n  F igure  2.4. The 

. . 
cover i s  a  hemispherical spun head welded t o  a  f l ange  machined from a 

r i n g  fo rg ing .  Th i s  head i s  2-1/2 inches t h i c k  -- 2-3/8 inches o f  carbon 

s tee l  w i t h  1/8 inch o f  304 s t a i n l e s s  s tee l  c ladd ing.  The lower head 

i s  a  2 - to - l  e l l i p t i c a l  splJn head made o f  carbon s tee l  and welded t o  a  

carbon s tee l  f l ange  machined from a r i n g  fo rg ing .  , 

The f langes f o r  both t h e  upper and lower head a re  7-1/4 inches t h i c k  

w i t h  a  91 inch I.D. and a 105-1/2 inch O.D. Fo r t y -e i gh t  3- inch nominal 

diameter studs a r e  used t o  b o l t  down t h e  cover. The studs a r e  made from 

422 s t a i n l e s s  s t ee l  and a re  heat t r e a t e d  t o  a  BHN 285/347 t o  g i ve  an 

u l t i m a t e  t e n s i l e  s t reng th  o f  140,000 ps i  and a minimum y i e l d  s t reng th  

o f  120,000 ps i .  

Of t he  twenty con t ro l - rod  d r i v e  tubes located i n  t h e  upper head, 

s i x teen  a re  capped, and four a re  f langed. Two sa fe t y  valves,  se t  a t  

600 ps i g  and 720 psig,  a re  bo l t ed  t o  two o f  t h e  f langes. The o ther ' two  

f langes prov ide lead w i r e  e x i t s  f o r  s t r a i n  gages located i ns i de  t h e  vessel .  

Both safe ty-va lve discharge o u t l e t s  a r e  connected t o  an exhaust stack 

t h a t  extends through t h e  r o o f .  A l l  c o n t r o l  r od  tubes a r e  vented a t  t h e  

top  through small tubes t h a t  a re  connected t o  a  ven t ing  valve.  The t e s t  

vessel i s  supported on a stand made from wide f lange  channels and 

r e i ~ f o r c e d  w i t h  pipe. A se t  o f  L u b r i t e  p l a t e s  a t  each o f  t h e  fou r  support 

co l umns  a l lows  t h e  vessel t o  expand therma l l y  w i t hou t  s t r ess i ng  t h e  support 

stand. 



An e l e c t r i c  immersion heater,  f lange-connected t o  t h e  lower head 

i s  used t o  generate steam. ~ h ' i s  .heater may be opera.ted a t  ou tpu t  l eve l s  up 

t o  50 kw i n  approxi  mat e l  y 4-kw increments. A pressure sw i tch  i nsta  l led  
.. : 

i n  t h e  vessel p i  pi'ng w.i I l .shut' .of ' f  porjkr t o  t h e  heaters  when t h e  pressure 

i n t h e  vessel exceeds 660 .ps,ig. ' 

Three thermocouple .probe holes a r e  located i n  t h e  upper f lange. Each 

probe accommodates s i x  thermocouples spaced one i nch apar t .  Another 

therrnocoupDe we l l  l o ~ a t e d  i n  t h e  lower vessel i nd i ca tes  vessel water 

temperature. A l l  n ineteen thermocouples a r e  connected t o  a twenty-channel 

temperature r e c o r d e r ' a t  t h e  c o n f r o l  panel. A cam-operated c o n t r o l l e r  

operated from one channel o f  t h e  temperature recorder  ( t h e  water temperature 

thermocouple) maintains a constant  water temperature. A f u l l  leng+h 

magnetic t ype  l i q u i d - l e v e l  i n d i c a t o r  i s  mounted a l o n g s i d e  t h e  c o n t r o l  

panel. 

For heat-up r a t e s  h igher  than those ob ta inab le  f rom t h e  immersion 

heater,  steam from .the hea t - t rans fe r  t e s t  loop w i l l be used. A b low-of f 

located between t h e  vessel  and-steam supply va l ve  i s  used f o r  coo l i ng - ra te  

tes ts .  The exhaust f rom t h  jls v a l v e  passes i n t o  t h e  exhaust s tack extend- 

i ng through t h e  roo f  o f  t h e  laboratory .  A 10-gpm r e c i  p roca t ing  pump I s  

ilsed t o  ma i n t a  i n a water leve l  above t h e  upper f lange f o r  coo l  i ng t e s t s  

and may be used t o  prov ide a d d i t i o n a l  coo i i ng  when requi red.  

Prov is ion  i s  made fdr measuring f lange  r o t a t i o n s  by us ing  d i a l  

i nd i ca to r  gages mounted on long rods t h a t  i n  t u r n  a r e  r i g i d l y  fastened t o  

t h e  f langes. A smal! angular r o t a t i o n  o f  t h e  f langes w i l l  produce , 

r e l a t i v e l y  la rge  displacements a t  t h e  f r e e  ends o f  t h e  rods  c a r r y i n g  t h e  



d l a l  gages. D i a l  gages w i l l  be mounted on t h e  f langes t o  measure gasket 

compress ion arid' rad  i a  l d  i f  f  e ren t  ia  l expansion o f  the'  f langes.  

The p i  p ing system was designed t o  conform to " the  ASA code f o r  power 

p ip ing.  A l l  welds w i l l  be made and inspected according t o  requirements 

o f  t h e  ASME code f o r  u n f i r e d  pressure vessels. A f t e r  assembly, t h e  vessel . 

and p i p i ng  w i l l  be sub jec t  t o  a  pressure t e s t  f o r  leaks. 

Before commencing any h igh temperature t es t s ,  t h e  vessel and p i p i ng  

w i l l  be insu la ted . .  A major p o r t i o n  o f  t he  vessel w i l l  be insu la ted  w i t h  
. . 

3-inch, t h i c k  ca lc ium s i l i c a t e  blocks. A b lanket  i n s u l a t i o n  w i l l  be provided 

i n  areas where access t o  t h e  vessel i s  necessary. An insu la ted  l /4- inch 

t h i c k  by .36-i nch wide ca'rbon-steel r i n g  surrounds. t h e  p a r t i n g .  j o i n t  o f  t h e  

f langes and a c t s  as a  sa fe ty  s h i e l d  i n  case t h e  gasket ruptures.  

Near ly a  l l t h e  component p a r t s  o f  %he t e s t  apparatus were brdered, 

Fab r i ca t i on  o f  t h e  t e s t  vessel i s  now i n  progress,. Views o f  t h e  welding 
. . . , 

operat ion a r e  shown i n  F igures 2.5 and 2..6! 

~ r e i  i m i  nary t e s t s  designed t o  check - o u t  i nstrumentat  i 0". and s t r ess  

ana l ys i s  techniques were i n i t i a t e d .  A computer program was' formulated 

fo r :  comput i ng s t resses from s t r a  i ri r o s e t t e  data. Th i s  'program w i l 1 be 

checked ou t  w i t h  data from t h e  p re l  iminary t es t s .  

2.1.3. Entrainment Separators and Support Shel f  . . 

. . 
2.1.3.1. Design Status.  Resul ts  o f  t h e  mois ture entrainment t e s t s  

i nd i ca te  t h a t  e i t h e r  o f  two types o f  commercia l iy ava i iab l e  mois ture 
. . . .  - 

separators are'  s u i t a b l e  f o r  use' w i t h  the.  Pafhf i nder. ~ a ~ o u t s  were completed 

. . 
f o r  t h e  support .she) f  f 'or 'both  types. . Before t he  f i n a l  designs can be . 

.; . 
estab l i shed, t h e  t y p e  t h a t  w i l  l operate best under r eac to r  cond i t i ons  must 

be determined.,. Fur ther  t e s t s  a r e  planned f o r  .,l:liis puvpose. - .  



2.1.3.2. Tests. Moisd-ure De-Entrainment Tests. Tes t ing  o f  t h e  

2-and 4- inch diameter t e s t  sect ions was completed, and r e s u l t s  were 

repor ted.  Resul ts  i nd i ca te  t h a t  under present reac to r  opera t ing  cond i t i ons ,  

steam o f  99 per cen t  qua l i t y  o r  b e t t e r  w i l l enter  t h e  moi s:iSwre, separators.  

Th is  leaves approximately 0.9 per cen t  mois ture t o  be removed by mechanica l 

separators t o  obta i n steam o f  99.9 ' per cen t  qua l i t y  f o r  t h e  superheater. 

Since these t e s t s  were conducted on r e l a t i v e l y  small t e s t  sect ions,  

t h e  accuracy o f  ex t r apo la t i ng  t h e  r e s u l t s  t o  p r e d i c t  t h e  steam q u a l i t y  o f  

t h e  Pathf inder  may be questioned. Fur ther  t e s t s  on a la rger  t e s t  sec t ion  

a r e  t he re fo re  planned t o  f u r t h e r  v e r i f y  these r e s u l t s .  

2.1.4. B a f f l e s  

F ina l  design o f  t h e  bo i l e r - co re  b a f f l e  was completed. Fab r i ca t i on  i s  

be i ng discussed w i t h  shop personne I. 

Stresses and d e f l e c t i o n s  i n  t h e  superheater-core b a f f l e  due t o  pressure 

d i f f e rences  between t h e  b o i l e r  and superheater co re  were invest igated.  

2.1.5. Superheater 

2.1.5.1. Mechanical Desiqn. An i n v e s t i g a t i o n  o f  t h e  placement and 

o r  i f i c i  ng o f  t h e  tube  sheets i s  being conducted 30 minimize t h e  pressure 

d i f f e rence  between t h e  b o i l e r - c ~ r e  and t he  superheater-core moderator and 

thereby reduce t h e  s t resses and d e f l e c t i o n s  i n  t h e  superheater ba f f le . '  

The p o s s i b i l i t y  o f  'container- tube v i b r a t i o n  due t o  p a r a l l e l  and ccoss 

f low o f  t h e  moderator i s  be ing considered. 

6 
M o i s t u r e  D e - E n t r a i n m e n t  T e s t s  in 2 - and  4 - i nch  D i a m e t e r  T e s t  Sect ions,  

ACNP-5921 ,  1-959. 



2.1.5.2. Tests .  Superheater Tube Weld Test.  Welding of  t e s t  samples of 
\ 

t h e  superheater tube were completed, and p re l im ina ry  i nd i ca t i ons  a re  t h a t  

a l l . w e l d s  inves t iga ted  were successful. A f t e r  complet ing laboratory  

examination o f  t h e  welds, t h e  optimum t ype  weld w i  l l be se lected from an . 

economic as we l l  .as  s t r u c t u r a l  standpoint .  

2.1.6. G r i d  P la te  

Fi na l design drawings a r e  Qe i  ng prepared. 
\ 

2.2. RECIRCULATION SYSTEM 

2.2.1. Rec i r cu l a t i on  Pumps 

The f i n a l  designs were completed. Manufacture o f  t h e  p ro to type  

i s  proceeding on schedule. The pump cas ing cas t ings  were poured, and 

p re l im inary  rad iographic  t e s t s  i n d i c a t e  sound cast ings.  

spec i i i c a t  i ons cover i ng t h e  ho t  loop t e s t  i ng o f  the- p ro to type  pump 

under design pressure and temperature cond i t i ons  were completed. 

2.2.2. R e c i r c u l a t i o n  P ip ing  Loops 

2.2.2.1. Design Status. The r e c i r c u l a t i o n  p i p i ng  con f i gu ra t i on  i s  

essen t ia l  l y  t h e  same as p rev ious ly  described.' M i  nor changes were 

necessary as  a r e s u l t  o f  t h e  redesign o f  t h e  r e c i r c u l a t i o n  discharge nozzles 

t o  normal pene t ra t ion  o f  t h e  lower hemispherical head. The changes were . 

s u f f i c i e n t  t o  r e q u i r e  another s t r e s s  ana l ys i s  o f  t h e  loop, however. 

2.2.2.2. Studies. St ress ana l ys i s  o f . t h e  present design of t h e  

r e c i r c u l a t i o n  p i p i ng  loops was begun. The new design i s  no t  apprec iab ly  

' ~ a t h f  inder Atomic Power P lan t  Technical  Proqress Report f o r  October 1958 - 
December 1958, ACNP-5904, p. 6 3 ,  3959. 



d i f f e r e n t  than the  previous design, and the  forces and'moments are  expected 

t o  be o f  the  same order of magnitude as those previously reported. 8 

2.2.3. Rec i rcu la t ion  Loop Va lves 

2.2.3.1. Design Status. Conceptual design of the  valves i s  

complete. Prel iminary design spec i f i ca t ions  fo r  the valves have been 

w r i t t e n  and t ransmit ted t o  the A l l i s- ha l mers York Works. Tests t o  

determine the  operat ing c h a r a c t e r i s i t i c s  o f  t he  valves are  continuing. 

F ina i  design spec i f i ca t ions  w i l l  be w r i t t e n  as soon as these t e s t s  are 

comp l eted. 

2.2.3.2. Tests. Eisht-Inch B u t t e r f l y  Valve. The e ight- inch 

diameter b u t t e r f l y  valve was tes ted  t o  determine the  value o f  sigma Q 

( cav i ta t i on  constant) a t  the  t h r o t t l i n g  l i m i t .  The conservat'ive d e f i n i t i o n  
\ 

o f  t he  t h r o t t l i n g  l i m i t  i s  t he  po in t  o f  i n c i p i e n t  ( f i rs t -de tec tab le)  

cav i ta t ion .  
I 

Sigma f o r  the  20-1/2 inch 1.D. r e c i r c u l a t i o n  valve was calculated 

a t  reactor condi t ions and i s  shown i n  Figure 2'.7 w i t h  the  exper lmenta l l y  

determined sigma f o r  the  8-inch valve. The v a r i a t i o n  o f  sigma fo r  a  

given valve angle a t  i nc ip ien t  c a v i t a t i o n  i s  due i n  pa r t  t o  the  a i r  

content of t he  water. The experimental l y  obtained curvd was obtained 

w i t h  water t h a t  appeared t o  be r e l a t i v e l y  f ree  o f  entrained and 'd issolved,  

a i r ,  but t h i s  wes no+ swbsCantiated. Various methods of determining the  

amount of entrained and dissolved a i r  i n  water a re  being investigated. 

O w . ,  pp. 12-16. 

a 'pathfinder Atomic Power Plant  Technical Prosress Report f o r  Apr i  I 1959 - 
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Tes t  r e s u l t s  i nd i ca te  t h a t  t h e  sigma-vs-valve-angle curve should 

co i  nc i de o r  be lower than t h e  m i  n imum-average-va l ue curve o f  F igure  2.7. 

A con t ro l  range o f  21,1671 ti'o 15,600 gpm would then be poss ib le  f o r  each 

Pathf inder  r e c i r c u l a t i o n  loop. 

Tests:were r u n  t o  determine t h e  p o i n t  where a d e f i n i t e  break-of f  i n  

t h e  f low c o e f f i c i e n t ' o c c u r s  as c a v i f a t i o n  develops. The break-of f  po i n t s  

were expected t o  be a f unc t i on  o f  sigma. Each t e s t  was run  w i t h  a f i x e d  
' 

va l ve  angle  and constant  f low ra te .  The back pressure was va r i ed  t o  

develop c a v i t a t i o n .  

The f low c o e f f i c i e n t  i s  constant f o r  a g iven va lve  angle  when 

t he re  i s  no c a v i t a t i o n  i n  t h e  system, bu t  decreases on l y  s l i g h t l y  as 

c a v i t a t i o n  develops. No cons is ten t  c o r r e l a t i o n  was found between sigma 

and, t h e  p o i n t s  a t  which t h e  s l i g h t  decreases occurred. Tes t s  w i l l  

cont inue t o  determine i f  a more d e f i n i t e  break-of f  p o i n t  can.be obtained. 

2.3. STEAM SEPARATORS 

A f t e r  t h e  steam separator loop was completed, t h e  loop was t es ted  

f o r  leaks. The ins t rumentat ion t o  measure a i r  and water f low r a t e s  and 

pressure drops throughout t h e  loop was then i ns ta l l ed .  

The steam separator i s  requ i red  t o  meet c e r t a i n  design requirements. 

Among these requirements a re  a prescr ibed t o t a l  pressure drop o f  3 f 1/2f&t  

o f  water and a prescr ibed e f f i c i e n c y .  The e f f i c i e n c y  o f  t h e  separator i s  

def ined i n  terms o f  t h e  carry-under o f  a i r  i n  t h e  water t h a t  passes through 

t h e  separator and ' the carry-over o f  mois ture i n  , the  separator exhaust. 

A maximum carry-under r a t e  o f  I per cen t  o f  a i r  by volume i s  required. 

Th i s  va lue i s  based on t h e  e f f e c t  o f  vapor on t h e  ne t  p o s i t i v e  suc t ion  



head (NPSH) of the  r e c i r c u l a t i o n  pumps. If moke vapor i s  present i n  

t he  rec i r cu la ted  water, the  NPSH i s  lowered and the pumps w i l l  not  operate 

s a t i s f a c t o r i l y .  

The steam separator loop was operated a t  reactor  flow condi t ions t o  . 
* 

determine the  t o t a l  pressure drop through the  model separator. The 

t e s t s  indicated t h a t  t he  t o t a l  drop through the separator was t o o  high. 

The s ize o f  the  i n l e t  and o u t l e t  nozzles o f  the  separator were both 

increased t o  decrease the t o t a l  pressure drop. The increases i n  the  

s i z e  o f  both nozzles was made.without a f f e c t i n g  the  processes by which 

the  separation o f  a i r  and water i s  effected. 

Tests o f  the modified model separator ind icate t h a t  t he  average 

t o t a l  pressure drop through the separator i s  3.3 %$t o f  water a t  the  

required f low r a t e  of a i r  and 'water. Pressure drops through the  i n  l e t  and 

o u t l e t  nozzles were 1.9 and 1.4 ffzet of water, respect ively.  The 

carry-under r a t e  was .2 per cent o f  a i r  by volume. This  value was 

obtained by passing water through the  separator i n t o  a long- hor izonta l 

d i f fus ion . tank .  The v e l o c i t y  of the  water decreases i n  t he  tank, and the  

a i r  t ha t  has been,carr ied under r i s e s  and displaces water i n  a c o l l e c t i o n  

drum mounted on the  top  of t he  tank. The volume, temperature, and 

pressure o f  the  a i r  co l l ec ted  was pe r iod i ca l l y  measured, and the  carry-  

under r a t e  could then be calcutated. 

Tests a re  present ly being run  t o  determine the  amount o f  steam 

t h a t  w i l l  be ca r r i ed  i n t o  t h e  separator. This  data w i l l  be necessary 

t o  specify the  capacity o f  t he  separators t h a t  w i l l  be used on the  Path- 

f inder .  The open pool area around the i n l e t  o f  the  model separator i s  

s ized t o  simulate the  pool area adjacent t o  which each separator w i  l l be 



i nsta  l  led i n t h e  reac to r .  Of ii-rterkt is  -the fact that the sTeah-water mixture 

from t h e  inner' p a r t  o f  the  b o i l e r  co re  w i l l '  t r a v e l  a longer d is tance t o  

enter t h e  separator, then t h e  a i r -water  m ix tu re  t r a v e l s  t o  enter t h e  

i n l e t  o f  t h e  model separator. Therefore, more t ime w i l l  be a v a i l a b l e  d 

f o r  steam t o  escape, and t h e  capac i t i e s  t h a t  w i 1 . l  be ind ica ted  by t h e  . 
t e s t s  w i t h  t h e  model separator should be s l i g h t l y  la rger  than t h e  capac i t y  

t h a t  w i l l  be requ i red  o f  an opera t ing  separator i n  t h e  Pathf inder.  

Resul ts  thus f a r  i nd i ca te  t h a t  t h e  carry-under r a t e  i s  p r a c t i c a l l y  

independent o f  t h e  amount o f  a i r  passing i n t o  t h e  separator. 

Under reac to r  condit, ions, t h e  stea'm separators exhaust t o  t h e  steam 

dome area. Th i s  area i s  a t  t h e  same pressure as t h e  sur face o f  t h e  ,. 

pool around t h e  separators. To dup l i ca te  reac to r  condi t ions,  a t tempts  were 

made t o  ob ta i n  equal pressures i n  t h e  pool area and separator exhaust o f  

t h e  t e s t  loop by using a t h r o t t l i n g  va lve  i n  t h e  exhaust, b u t  t h e  pressures 

were found t o  f l u c t u a t e  considerably.  Methods o f  damping ou t  t h e  pressure 

f l u c t u a t i o n s  i n  t h e  t e s t  loop ins t rumentat ion a r e  c u r r e n t l y  being invest. i -  

gated. 

2.4. CONTROL RODS, GlJlDE TUBES, AND CONTROL 600 DRIVES 

2.4.1. Cont ro l  Rods 

A proto type rod  o f  boron s t a i n l e s s  s t ee l  was manufactured and 

inspected. The rod  was found t o  be we l l  w i t h i n  t h e  s t ra igh tness  to le rance  

requ i red  o f  t h e  r eac to r  c o n t r o l  rods.  The r o d  w i l l  be used i n  t h e  c r i t i c a l  
a 

f a c i l i t y .  

Design o f  a s p l i t  con t ro l  rod , tha t  can be removed from t h e  reac to r  

i n  sect ions was s ta r ted .  The removal o f  these rods i n  two sec t ions  would 



considerably reduce the  rad ia t i on  level a t  t he  top o f  the  sh ie ld  

pool . 
Control rod material  studies are  continuing. Samples o f . 2  w/o boron 

s ta in less  s tee l  were welded and brazed and a re  undergoing t e n s i l e  

strength t e s t s  a t  ambient and elevated temperature. The t e s t  r e s u l t s .  

w i l l be reported i n  the  next qua r te r l y  repor t .  

2.4.2. Guide Tubes 

The design of s p l i t  guide tubes incorporat ing the  fue l  element 

hold-down device and water tu rn ing  b a f f l e  has undergone design changes 

and i s  s t i l l  being considered f o r  use i n  the  Pathfinder reactor. 

2.4.3. Control Rod Drives 

2.4.3.1. Design Status. conceptua l Des i qn. The conceptua l design 

f o r  a l l  components o f  t he  cont ro l  rod dr ives  i s  complete w i t h  the  fo l lowing 

exceptions. Design o f  a su i tab le  water supply system f o r  t h e  cont ro l  rod 

rack housing i s  not  complete. Formulation o f  a pinning and assembly ' 

procedure t o  c o r r e c t l y  locate the  la tch  w i th  respect t o  t h e  tu rn ing  

mechanism and dr ive.housing i s  not f ina l i zed.  Layouts f o r  t h e  cables, 

tub ing  and supporting s t ruc tures  t h a t  a re  attached t o  the  dr ives  and 

t h a t  must be disconnected when the  vessel cover i s  removed must be 

completed. Further changes w i l l  be incorporated where r e s u l t s  o f  t e s t s  

and studies show them t o  be necessary. 

A mechanical method was devised t o  ho ld  t h e  rack and l a t ch  i n  t he  

up-posit ion during reactor  cover removals and was incorporated i n  t he  

design. This  device e l iminates t h e  necessity o f  energizing the  scram 

c l u t c h  during cover removal. 



A study t o  determine. i f  t h e  s t i f f e n i n g  r i n g s  a re  necessary t o  

support t h e  s l o t t e d  t u r n i n g  tube was completed. The study ind ica tes  

t h a t  t h e  r i n g s  a r e  no t  requ i red  t o  -handle t h e  requ i red  torque bu t  a re  

needed t o  e l im ina te  separat ion o f  t h e  two tube halves due t o  bending. 
. . 

T h e ' c r i t i c a - I  frequency o f  a l l  sha f t i ng  was ca lcu la ted  and found 
I 

t o  be we1 I ..above' t h a t  wh ict i .  t h e  dr ives w i I I encounter. The c r  i t i c a  I I 

frequency o f  t h e  rack h.ousing was a l s o  ca l cu l a ted  and was found t o , b e  

very  low. The hor i zon ta l  d e f l e c t i o n  o f  t h e  rack housing due t o  va r ious  

loads was a l s o  s tud ied and does no t  appear t o  be a source o f  t r oub le .  

The r a d i a l  and long i tud ina l  thermal expansions o f  t he  con t ro l - rod  

d r i v e  system w i t h  respect  t o  t h e  reac to r  co re  was ana.lyzed. I n  t h e  
. . 

s t a i n l e s s  superheater core,erroneous p o s i t i o n  readings o f  as much as 

3/4 inch may be obtained.'. I n  an a I umi num boi ' l  er core a f a  I se 'i nd i - 
c a t i o n  o f  a lmost 1/2 inch may be obtained when t h e  reac to r  i s  heated 

. . 

t o  opera t ing  temperatures. These e r r o r s  a re  a t  a maximum when t he  rods 

a re  f u l l y  wjthdrawn and a re  expected t o  be t o l e r a b l e . .  

Control-Rod Dr i ve  Water-Suppl y Study. For norma I w i thdrawa I and - .  

i n s e r t i o n  o f  t he  con t ro l  rods, su f f i c i en t - - s t eam o r  water may enter  o r  

leave t h e  rack housing 'through t he  r a d i a l  c learance between t h e  rack and 

bushing. Even i f  a large pressure drop developed across t h e  clearance, 
\ . . 

t h e  con t ro l  system would no t  be a f f ec ted  because the'  rods a r e  p o s i t i v e l y  

d r i ven  i n  both d i r ec t i ons .  On scram, however, t h e  rods a re  disengaged 

and a re  requ i red  t o  drop t he  f u l l  s t roke  in .  less than one second. Dur ing 

t h i s  drop a large pressure . d i f f e r e n t i a l  would develop across t h e  c learance 

and could  be suf f i c  i ent  t o  slow .the' d iop and prevent proper shutdown o f  

t h e  reac to r .  A water supply f o r  t h e  rack housing i s  t he re fo re  necessary 



t o  reduce t h e  pressure d i f f e r e n t i a l  and a l low.an unimpeded drop of 

t h e  contro l  rods during scram. 

Both external and in te rha l  water supply systems were studied. 

The external water supply systems are character ized by various acc- 

umulator arrangements. A d i f f i c u l t y  w i t h  such systems i s  t h a t  a large 

number o f  a u x i l i a r y  components and connections, which could be a source 

of t rouble,  are required. 

I n  t h e  in te rna l  water supply systems under study, reactor  steam i s  

introduced i n t o  t h e  rack housing and w i l l  reduce t h e  pressure d i f -  

f e ren t i a l  t h a t  developes during a scram. Two methods o f  accomplishing 

t h i s  are proposed. Steam may be released i n t o  the  housing j u s t  above 

t h e  bushing level,  or  steam may be guided through a tube t o  t h e  top of 

f h e  rack housing. I f  steam i s  released above the  bushing and i s  allowed 

t o  r i s e  i n  t h e  rack housing, it would impinge on various components and 

r a i s e  t h e i r  surface temperatures. The thermal stresses t h a t  are thus 

produced i n  t h e  s ta in less  steel  components may be excessive. The use of 

a tube t h a t  introduces steam i n  t h e  top  o f  t he  housing wou I d  e l  iminate 

t h i s  problem. 

The two systems t h a t  are proposed would both a l low thermal c i r c u l a t i o n  

during normal operat ion. Since t h e  amount o f  heat loss t h a t  would r e s u l t  

from use o f  e i t he r  o f  t h e  proposed in te rna l  supply systems i s  d i f f i c u l t  

t o  evaluate ana ly t i ca l  l y, a heat t rans fe r  t e s t  o f  t h e  cont ro l  -rod rack 

housing w i l l  be conducted. .The t e s t  w i l l  be made t o  determine t h e  

amount o f  heat loss t h a t  may be expected w i th  various in te rna l  supply 

arrangements. The t e s t  apparatus i s  being erected and i s  described i n  

d e t a i l  below. 



2i4.3.2. Tests.  Cont ro l  Rod Rack-Housing Heat Transfer  Tests: 

Heat t r ans fe r  t e s t s  w i  l  l  be conducted t o  eva luate t h e  heat loss t o  t h e  

s h i e l d  pool when var ious i n t e rna l  water supply arrangements are used. ~ 
The t e s t  apparatus i s  shown i n  F igure  2.8 and i s  p resen t l y  being erected. 

'? I 
The autoclave t h a t  was used t o  t e s t  se l f -energ iz ing  seals  i s  used 

t o  s imu l a t e  t h e  r eac to r  vessel . The t e s t  loop- i s  we1 ded i n t o  t h e  cover 

of t h e  autoclave. The 3/8-inch tube  represents  one o f  t h e  proposed 

methods o f  i n t roduc ing  steam t o  t h e  t o p  o f  t h e  rack housing. The 

steam tube  may be c u t  ou t  o f  t h e  system by c l o s i n g  t h e  shut -o f f  va lve 

a t  t h e  t o p  of  t h e  loop. . Various steam en t r y  p o r t s  through t h e  bushing 

may be tes ted .  . These - p o r t s  a re  he1 d i n  t h e  bushing by a se t  screw. 

The heat loss t o  t h e  s h i e l d  pool w i l l  be evaluated by measuring 

t h e  f low r a t e  and temperature r i s e  o f  water passing through t h e  coo l i ng  

jacket .  Dropping o f  a con t ro l  r o d  w i l l  be s imulated by opening t h e  

so lenoid  va lve  a t  t h e  t op  of t h e  column. Opening o f  t h e  va lve w i l l  

al' low some water t o  d ra i n  from t h e  system and steam t o  enter  t h e  loop. 

A 3/4-inch s t a i n l e s s  s tee l  bar w i . 1  l be suspended i n  t h e  column 

so t h a t  it w i l l  be bathed by steam r i s i n g . t h r o u g h  t h e  column. I f '  

severe thermal s t resses a re  produced, checker i ng, may resu l t which can 

be v i sua l  l y  observed, 

Proto type Control .Rod Dr ive .  A p ro to type  con t ro l  r o d  d r i v e  w i l l  

be t e s t e d  t o  eva luate t h e  conceptual design. Deta i  l drawings f o r  t h e  

proto type whre completed, and one p ro to type  d r i v e  was ordered from t h e  

West A l l i s  shops. A f i n a l  check o f  t h e  drawings w i l l  be made before 

manuf ac tu r  i ng begins . 
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The shop i s  i n  t he  process of scheduling the  fabr ica t ion  o f  t he  

mechanism. Most of t h e  i-tems requ i r i ng  a long lead t ime were ordered. 

Recently ordered items include t h e  440 C s ta in less  steel  t u rn ing  tube 

bearings, t u rn ing  tube material ,  a l  l dr,ive housing material ,  and t h e  

servo d r i ve  motor. Proposals f o r  pos i t i on  ind ica t ion  were received, and 

one o f  t h e  proposed systems w i  l l be incorporated i n t h e  prototype. 

As soon as conceptual design o f  t h e  water supply system i s  completed, 

t h i s  system w i l l  a lso be incorporated i n  t h e  prototype. 

A f langed adapter sect ion was designed fo r  t h e  prototype and w i l l  be 

used i n  f i n a l  hot t e s t s  w i th  conventional f langes s imulat ing t h e  vessel 

cover j o i n t .  A t  a l a te r  date, a quick disconnect coupl ing may be tested. 

The drive-motor t e s t  r i g  was completed and i s  shown i n  Figure 2.9. 

The t e s t  r ig w i  l l be used t o  evaluate t h e  two types o f  d r i v e  motors t h a t  

are being considered fo r  use. 

Cold and Hot Latch Tests. The co ld  and ho t  l a t ch  t e s t s  were com- 

p leted. Af ter  a t o t a l  of 800 cycles, t h e  l'atch proved t o  be sa t i s fac to ry  

from both t h e  mater ia ls  standpoint and t h e  operat ion standpoint. The ' 

l a t ch  and l a t ch  t e s t  stand are shown i n  Figures 2.10 and 2.1 1 .  



3. NUCLEAR ANALYSIS 

3.1. REACTOR PHYSlCS (STATICS) 

3.1.1. Nuclear Constants 

A comparison was made between f a s t  constants obtained w i t h  t h e  

Muft-4 cbde, l o  and t h e  " f i t t e d t 1  cons tan ts '  '. used hereto fore.  From 

t h e  comparisons, t he  f o l l ow ing  conclusions can be made: 

I )  Resul ts  o f  t h e  Muft-4 code agreed q u i t e  we l l  w i t h  t h e  

s lowing down p rope r t i es  f o r  t h e  b o i l e r  reg ion  ca lcu la ted  us ing t he  

Deutssh equivalence method. 
12 

2 )  Hand c a l c u l a t i o n s  us ing Muft  f a s t  constants and Sofo- 

ca te  thermal constants i n  t he  equation, 

agreed q u i t e  c l o s e l y  w i t h  hand c a l c u l e t i o n s  using t h e  present exper i -  

mental l y  f i t t e d  constants when an adjustment i s  made t o  account f o r  t h e  

f a s t  absorpt ion.  

An example o f  t h e  f a s t  neutron spectrum obtained f o r  t h e  Muft-4 

code and t h e  d i f fe rences  t h a t  e x i s t  i n  t h e  va r ious  core reg ions can be 

seen i n  F igure  3.1. and 3.2. F igure  3.1. makes a comparison between 

t h e  f a s t  spectrums i n  t he  b o i l e r  and superheater cores f o r  co l d  core 

cond i t i ons .  The main d i f f e rences  a r e  a t  t h e  h igh  energy l eve l s  due t o  

l0pathf  i nder Atomic Power P lan t  Technica I P r o ~ r e s s  Report, Apr i 1 1954-- 
' - June 1959, ACNP-5915, p. 35, 1959. 

I I 
H. Bohl, J r . ,  E. Gelbard, G. Ryan, Muft-4--Fast Neutron Spectrum 
Code f o r  t he  IBM 704, WAPD-TM-72, 1957. 

R Oeul sch, Cornput i "q 3-Group Constants f o r  Neutron D i f  f  us i on, 
Nucleonics, Vol 15, No. 1 ,  1957. 



d i f f e rences  i n  t h e  i n e l a s t i c  s c a t t e r i n g  p rope r t i es  o f  t h e  two regions; 

and a t  t h e  U-238 resonance energy leve l  where t h e  spec t rum- in  t h e  

b o i l e r  i s  somewhat depressed.. 

F igure  3.2. s h o w s ' l i t t l e  change i n  t h g  spectrum w i t h i n  t h e  

b o i l e r  co re  due t o  b o i l i n g .  Curves'A and B show t h e  change i n  t h e  

64 fuel'-rod reg ion  from t h e  c o l d  co re  c o n d i t i o n  t o  t h e  opera t ing  

c o n d i t i o n  w i t h  34 per cen t  o f  t h e  moderator voi'ded. 

3.1.2. S t a i n l e s s s t e e l  B a f f l e  P l a t e A n a l y s i s  -.. 

A se r i es  o f  one-dimensional d i f f u s i o n  theory  c a l c u l a t i o n s  were 
L 

I 
made t o  determine t h e  superheater loading t h a t  cou ld  g i v e  t h e  des i red 

I power d i s t r i b u t i o n  and r e a c t i v i t y  w i t h  a s t a i n l e s s  s tee l  b a f f l e  p l a t e  

I 'betweenxthe boi l e r  and superheater reg ions.  . 

I Superheater loadings o f  39, 42 and 45 kg U-235 were considered. 

A 15-per cen t  increase i n  water was a l s o  cons i dered f o r  t h e  superheater. 

The core was d i v i ded  a x i a l l y  i n t o  s i x  reg ions  f o r  each superheater 

loading t o  determine t h e  e f f e c t  o f  f ue l  and v o i d  changes i n  t h e  b o i l e r  

co re  . 
Thermal group constants  were obta ined w i t h  t h e  Sofocate program. 

Fas t  gro;p constants  were obta i ned by t h e  water equ i va  l ence method. I .3 

Ca lcu la t i ons  were a l s o  made us ing f a s t  group constants f rom. the  Muft-4 

code. 

.The power f r a c t i o n  f rom t h e  superheater f o r  t h e  va r i ous  cases 

- ,  
i s  g iven i n  Table 3.,1. The data i s  f o r  t h e  e n t i r e  co re  and i s  obta ined 

I3f?eactor Physics Constants, ANL-5800. p. 165. 



by weight ing t h e  superheater power fo r  each r a d i a l  s l i c ~  aga ins t  t h e  

power produced i n  previous RZ-geometry ca l cu l a t i ons .  

From these r e s u l t s  a f ue l  1oading.of 42 kg U-235 w i t h  a 15-per cent 

increase i n  water was selected. A ser ies  of two-dimensional RZ-geo- 

metry c a l c u l a t i o n s  were then made t o  determine t h e  gross c o e f f i c i e n t s  

and p rec i se l y  determine t h e  power d i s t r i b u t i o n .  

Table 3 ,  I 

SUPERHEATER POWER FRACTION .FOe VARIOUS CORE LOADINGS AND AMOUNTS OF WATER 

3,I.a. Comparison o f  Core Representations 

Representat ion o f  t he  co re  i n  t h r e e  dimensions was i n  terms o f  

Moderator 

Reference . 
Water 

15-per cen t  
l ncrease 

R-8-2 coord inates w i t h  t h e  8 dependence removed by some approximation. 

Some comparisons a re  being made t h a t  w i l l  i nd i ca te  t h e  e f f e c t  o f  t h i s  

s impl i fy ing.assumpt ion.  

A two-dimensional d i f f u s i o n  theory  c a l c u l a t i o n  was made o f  a cross- 

sec t iona l  s l i c e  o f  t h e  core a t  t h e  leve l  corresponding t o  t h e  64-pin 

boi  l e r  sect ion.  The c o l d  c lean core w i t h  f looded superheater was calcu- 

la ted  i n  X-Y geometry. The superheater was represented by two i r r e g u l a r  

homogeneous reg ions.  

U-235 Core Loadi nq 
45 kq 

0.208 

0.239 

39 kq .I 42 kq 

0.16 

0.188 

0.18 

0.206 



The same case was calculated i n  one dimension as a  se t  o f  homo- 

geneous, concentr ic,  c y l i n d r i c a l  regions w i th  the  two inner regions 

corresponding t o  the  superheater. The transformation t o  c y l i n d r i c a l  

regions i s  such t h a t  the  area remains the  same. This  type o f  t rans-  

formation character izes the R-8 representat ion i n  a l l  the  R-8-2 

ca lcu la t ions  made. 

The comparison of ca lcu lated r e s u l t s  f o r  the  two representat ions 

i s  as follows: 

X-Y Radial 
1.053 1.056 

Integrated source, Superheater 0.160 0.153 

Integrated source, Bo i l e r  0.840 0.847 

The comparison indicates t h a t  the  o'ne-dimensional r a d i a l  repre- 

sentat ion i s  adequate f o r  p red i c t i ng  react ' iv i t y  and gross power d i  s- 

t r i b u t i o n s  f o r  surveys o r  parameter studies. 

3.1.4. 'Calculat ion o f  the Delayed Neutron Fract ion 

The ca l cu la t i on  o f  an average delayed neutron f rac t ion ,  8, was 

undertaken f o r  var ious core conf igurat ions t o  be used i n  the  c r i t i c a l  

f a c i l i t y .  During reactor  experiments, t he  period, T, w i l l  be measured, 

and the r e a c t i v i t y  w i l l  be determined w i th  the  inhour equation. Since 
- 

the  inhour equation re la tes  r e a c t i v i t y  d i r e c t l y  w i th  .@, t h e  cor rec t  

va lue of $ i s  necessary t o  ob ta in  an accurate r e a c t i v i t y  measurement. 
- 

The ca l cu la t i on  o f  the  e f f e c t i v e  / i s  performed i n  the  fo l low ing 

manner. 

I )  Prompt-neutron f a s t  constants (3-Group) a re  obtained by using 

the  Muft-4 code; thermal constants are obtained from the  Sofqcate code. 



2)  A ' t ransverse  Wanda 4-Group d i f f u s i o n  c a l c u l a t i o n  i s  made w i t h  

a  buck l ing  c r i t i c a l i t y  search spec i f i ed .  

3) Delayed neutron f a s t  constants a r e  obtained w i t h .Mu f t - 4  by use 

o f  a  spec ia l  f i s s i o n  source deck t h a t  places a l l  f i s s i o n  neutrons i n  t h e  

t w e l f t h  energy group (approximately t h e  average energy o f  t h e  delayed 

neutron groups), 

4) By,us ing t h e  r e s u l t s  from Step 2, a  po in twise source, S, i s  

ca l cu l a ted  f o r  each mesh p o i n t  through t h e  s lab by t h e  equation, 

5) The po in twise source from Step 4, t h e  c r i t i c a l  buck l ing  from 

S.tep 2, and t h e  delayed neutron f a s t  constants from Step 3, a re  used t o  

r un  a f i n a l  Wanda problem i n  which t h e  f i r s t  Eigenvalue ( f i r s t  i t e r a t i o n )  

i s  t h e  average deleyed neutron f r a c t i o n ,  g. 
A va lue o f  $ was obtained f o r  a  20-by-20-by-72-i nch slab-core 

con f i gu ra t i on  con ta in ing  a 9-by-9 p i n  a r ray  per 5 inch square assembly 

under c o l d  c lean cond i t i ons .  For t h i s  case,$ was found t o  be 0.00686 
- 

represent ing an i ncrease. o f  7.2 p e r  cen t  over t h e  uncorrected $ . f o r  

U-235 f  i*s.s i on o f  0.0064. 

For t h i s  ca l cu l a t i on ,  it was assumed t h a t  a l l  o f  t h e  delayed neu- 

t r o n s  were due t o  U-235 f i s s i on ing .  More r e f i n e d  c a l c u l a t i o n s  a re  i n  

progress t o  determine t h e  U-238 f i s s i o n  c o n t r i b u t i o n  t o  t h e  delayed 

f r ac t i on .  f o r  t h e  $ ca l cu la t i on .  

3.1.5. Reactor Sh ie ld ing  -- Sh ie ld ing  Ana lys is  o f  t h e  Reactor ~ u i  l d i ngh  

31.5.1. ' A c t i v i t . ~  Sources, . The sources o f  a c t i v i t y  t h a t  e x i s t  i n  t h e  

reac to r  conta i nment bu i l d  i ng. dur i ng power operat  ion a r e  I t h e  p r  imary 



gammas and f a s t  neutrons o r i g i n a t i n g  i n  t h e  core,. 2 )  secondary gammas, 

gammas produced by cap tu re  o f  therma l neutrons i n r e f  l e c t o r  and s h i e l d  
. , 

mater ia l s ,  3,) decay gammas from t h e  N-16 t h a t  i s  c a r r i e d  by t h e  water 

and steam i,n' t h e  system, and 4) t h e  gammas o r i g i n a t i n g  ,in system crud 

t h a t  was a c t i v a t e d  by t h e  co re  neutron f l u x .  

Primary Gammas and Fast  Neutrons. The pr imary gammas a re  composed 

o f  prompt and delayed f i s s i o n  gammas, capture gammas from neut ron-capture 

i n  t h e  co re  ma te r i a l s  (aluminum, s t ee l ,  water, uranium), and i n e l a s t i c  

s c a t t e r i n g  gammas t h a t  a re  caused by t h e  i n e l a s t i c  s c a t t e r i n g  o f  neutrons 

by va r ious  co re  mate r ia l s .  For purposes o f  ana lys is ,  a l l  components 

of pr imary gammas a r e  combined and r e l a t e d  t o  t h e  number o f  f i s s i o n s  t h a t  

occur i n  t he  core.  By knowing t h e  number o f  f i s s i o n s  t h a t  take  p lace 

i n  each core  volume, a volume source of  gamma rays  w i t h i n  t h e  co re  may 

be obtained d i r e c t l y .  

The pr imary gammas were d i v i ded  i n t o  f i v e  energy groups, and t h e  

average energy f o r  each group, t h e  number o f  pr imary gammas per f i s s i o n ,  

and t he  co re  v o l  ume source f o r  t h e  opera t ing  B t h f  i nder co re  a r e  given 

i n  Table 3.2. The.volume source, S,, was ca l cu l a ted  from t h e  equation, 

Sv = P qammas 
V f i s s i o n s  

where, 

P = average power (wa t ts )  

V z Core volume (cc) 



Table 3.2. 

PRIMARY GAMMA ENERGY GROUPS AND VOLUME SOURCES 
FOR CORE AT FULL PWER OPERATlON 

Group Energy Average Gammas Average 
Range Energy Per Vo l ume 
(Mev) (Mev F i ss i on  Source 

I 

The volume sources o f  f a s t  neutrons w i t h i n  t h e  opera t ing  dore based on 

a re lease  o f  2.5 neutrons per f i s s i o n  i s  3.5 x 1012 n/cc-sec. 

Secondary Gammas. The prompt cap tu re  gammas formed ou ts ide  o f  t h e  

core t h a t  a re  o f  importance i n  t h i s  ana l ys i s  a re  those produced i n  t h e  water 

sur rounding, the core  and i n  t h e  s tee l  vessel wa l l .  The secondary water 

gammas a r e  o f  t h e  same energy and produce dose r a t e s  o f  t h e  same order o f  

magnitude as t h e  pr imary Group I 1  gammas. The s tee l  secondary gammas a r e  

i n  gamma groups 11, 1 1 1 ,  I V ,  and V w i t h  respec t i ve  source s t reng ths  o f  0.1, 

0.24, 0.22, and 0.50 cjammas per therma.1 neutron capture. ' Consider ing t h e  

capture r a t e  i.n s tee l ,  t h e  dose r a t e s  a r e  a l s o  found t o ' b e  o f  t h e  same order  

o f  magnitude as t h e  pr imary gammas. Secondary gammas are.produced i n  t h e  

concrete sh ie ld ,  bu t  t h e i r  c o n t r i b u t i o n  t o  t h e  dose r a t e s  a r e  much smal ler  

than t h e  pr imary gammas, and they  a re  t h e r e f o r e  neglected. 

The a c t i v a t i o n  o f  t h e  main steam l i n e  by t h e  thermal neutron f l u x  a t  

7 t h e  elbow below t h e  react0.r co re  produces volume sources o f  3.4 x 10 , 



7 
9.5 .x lo5, and 6.3 x '  10 gamrr@s;lcc-sec. w i t h  respect ive energies o f  0.3, 

1.0, and 3.0 Mev. These sources a r e  a t  saturat ion. 

N-16 Act iva t ion .  The analys is  o f  t he  N-1.6 ac t i va t i on  problem was 
, . .  

made as fol lows. The number o f  N-16 atoms, N, a t  a po in t  above.the core 

i s  ca lcu lated by the  equation, 

N = . r 4 I!--- e- X t ~ )  
A. ( I  - cp- A(+, + to) 

< .  . . 

where, 

tc = the  res ident  t ime of water i n  t he  core 

to = the  res ident  t ime o f  water outs ide the  core 

1 = the  N-I 6 ac t i va t i on  cross sect ion 

6 = the  a c t i v a t i o n  f l u x  

X = fhe  N-16 decay constant, and 

C = the  r a t  i'o. o f  "steam evaporation t o  r e c i r c u l a t i o n  . .. 
. . 

Th is  y i e l d s  ? v d l u e  o f  1.6 x 10Io atoms o f  N-16 per poundof  steam above' ' . ' 

. . .  

t he  core and. 4 x 10' atoms o f  N- 16 per cc i n  t he  water butside the  bare. . .  . . .  . 
' ' .  

. .  . .. . .  . 

When t h i  si a c t i v i t y  i s  d i s t r i b u t e d  t o  various components o f  $he system,' . , 

5 4 volume sources o f  3 x. I 0  and 5.6 x 10 gammas/cc-sect a re  found. f o r  . .. 
. .  . . . 

t he  vol  umes occupied by the  rec . i r cu la t i  ng water" (pumps, p i  ping, ;.etc. Y .and. 
. .. . .  . 

t h e  steam .dome, respect ively,  The gamma energy o f  these sources i s' Mev; 

Ac t ive  Crud. The system crud t h a t  i s  ac t iva ted  by the  core neutron 

f l ux and subsequently deposited on components w i th  i n the  conta i nment 

bu i l d i ng presents a sh i e l d i ng prob l em. The assumpf i,ons an.d ana I ys i s: i s  

as f o l  lows. The source strength i s  given by'. t he  equation, 
, 

. . 



. . 

wher.e, " . . .  . . . . 
. . . . 

. . 
D = t h e  dep0si.t i on .  r a t e  o f  ac t ive mater ia ' l  . . -  

. . . . .  

F = t h e  removal f r a c t i o n  'of ac t i ve .mate r ia1  . .  

. A = t h e  decay constant o f  ' t h e  . ac t i ve  mater ia ' l  

t ' .  t h e  bui  id-up t i m i .  . . . . . . .  . . 
'- . 

. . 
, .  . 

' ,   h he vo.1 ume sources..caused by :  the. .bu,i ,I d-up o f  a c t i v e  crud based on. 
, . 

a 3 m i  . . I/ykar:,pl;ate-out , , reach ing a rnaximum.of 5 m i  I s . a r e  given' i n  Table 3.3. 
. . . . 

. . .  . . .  

Gamma ~ n e i g y  (Ijtev). Rec i r c u  I a t  i on. Pump Rec i rcu la t io 'n  Pump ' 

: .Vo l lime source* ( f / c c - s e c )  Vo.1 ume Source* ( f /cc-sec 1 
. . 

. . * Based 'on t o t a  l . vo l  ume o f  component. 
"Based on crud volume. 

.Sources . a f t e r  ~hutddwn: Substant i a  1 . a c t i v i t y  w i 1 l be encountered' 

. . 
. . . .  

.. wh-en t h ?  core  i s  i n  a shutdow" &nd it ion.  he sources attr i buted t o  cr'"d 
. . . . . . 

. :  .and meta.1. a ' c t i va t i on  wi.l.1' r em i i n  essent ia  l . l y  .The, same for  a per iod  o f ' t ime :  
. . 

The. sources caused. . by..prompt . capture gamma's, N- 16, and . the  .'co.re pr i mafy 
. . 

gammas'w i l' l be reduced substant i a  l l y a t  shu td6w~ .  The. M ' j o r  d&dy sdurces 
. - .  

a t  shutdown y i  1 . I ,  be from t h e  spent fue l ,  str.uctura l M t e r  i a  l i n  tt-ie core, . . . . 
. . . . . . .  . . 

and contr 'o l  rods.. The magn i tude a t  shutdown, howev.er, .i s 'sma l 1 enough t o  
- .  

be. neg l ected. s ince sh i e l  d i ng i s prov i ded f o r  t h q o p e i a t  i ng core. 
. . .  . . 

. . 

. . . . 
. . 

. . 



Since f ue l  and c o n t r o l  rods w i l l  be removed p e r i o d i c a l l y ,  t he  

' determinat ion o f  t h e i r  source s t reng ths  i s  important f o r  fue l -hand l ing  

cons iderat ions.  These volume sources a r e  presented f o r  t h e  i n f i n t e  

exposure case and 10-hour decay i n  Tab.le 3.4. 

Table 3.4 

VOLUME SOURCE FOR SPENT FUEL AND CONTROL RODS 

Gamma Energy (Mev) Spent Fuel Cont ro l  Rod 
Volume Source ( b//cc-sec) ' Volume Source ( f /cc-sec) 

11,5;2. Rad ia t ion  Levels. The r a d i a t i o n  l eve l s  a t  rep resen ta t i ve  dose 

poi n t s  throughout t h e  conta i nment she1 l were ca lcu la ted,  assuming t h e  

phys ica l  c h a r a c t e r i s t i c s  g iven i n  Table 3.5. 



Table 3.5 

PHYS I CAL CHARACTER I ST I GS OF SCURCES 

Componen t Source Size* I n t eg ra l  sh ie ld ing:  

Core 
D i g m g t g r  L efigLh - 
5-2/3 f e e t  6 f e e t  

Rec i r c u  l a t i  on pump 6 f ee t  4 f e e t  3  inch s tee l -  cas ing 

Rec i r cu l a t i on  p i p i ng t  ( 2 )  22 inch 10 f e e t  ? j / l l . ' In ih  . s tee l  cas i  n j  

Steam dome 

Main steam l  i ne 

10 f e e t  7  f e e t  

18 inch 10 f e e t  

3 inch s tee l  w a l l  

3 /4  . i nch s tee l  cas i ng 

Control  rod= 3.5 inch 6  f ee t  - 

Spent f ue l  element*" 5.7 inch 6 , f e e t  - 

* A l l  sources a re  r i g h t  cy l inders .  
~6 These two items a re  located i n  t h e  s h i e l d  pool f o r  t h e  ana l ys i s  o f  t h e  

shutdown case. 

The loca t ion  o f  t he  dose po in t s  a re  given i n  F igures 3.3 and 3.4.  he 

c o n t r i b u t i o n  o f  each component and t h e  t o t a l  dose f o r  each p o i n t  du r ing  

f u l l  power operat ion a re  g iven i n  Table 3.6. The same in fo rmat ion  f o r  

t h e  shutdown case i s  g iven i n  Table 3.7. I n  t h e  shutdown case, t h e  

reac to r  i s  shutdown, t h e  vessel i s  f looded w i t h  water, and t h e  vessel l i d  

i s  removed. 

The gamma and neutron f l u x ,  both a x i a l l y  and r a d i a l l y  from t h e  

core, a re  p l o t t e d  f o r  t h e  opera t ing  case i n  F igures 3.5 through 3.10. 

The gamma f l u x  given includes t h e  pr imary gammas from the  core  and t h e  

secondary gammas produced by neutron capture, i n  t h e  va r ious  sh ie l d i ng  

mater i a  l s. 



3:1.5;3. Game Heat ing.  Gamma heat ing,  H, , was ca l cu l a ted  i n  t h e  

r a d i a l  d i r e c t i o n  from t h e  core. The heat generat ion i s  g iven by t h e  

equation, 

where, 

Me = gamma ray  energy absorpt ion c o e f f i c i e n t  (cm-I 

p( 2 gamma ray  f  l ux ( /cm2-sec) 

E = gamma ray  energy (Mev). 

The gamma f l u x  inc ludes t h e  pr imary gammas and t h e  secondary gammas 

produced i n  t h e  sh ie ld .  

Fast  neutron heat ing,  H, , was ca l cu l a ted  s i m i l a r l y .  The-heat  

generated i s  obtained by t h e  expression, 

where, 

tR = f a s t  neut ron remova l c ross  sec t  ion (cm-' 

2 $ = f a s t  neutron f l u x  (n/cm -set) 

E = f a s t  neutron energy (Mev) 

Al though equat ion (3.7) g ives  a conserva t i ve  approximation, t h e  

f a s t  neutron hea t ing  i s  small compared t o  t h e  gamma heat ing,  and a more 

accurate  ana l ys  i s i s n o t  warranted. 

The heat  generat ion a t  f u l l  power opera t ion  was ca l cu l a ted  us ing 

equat ion (3.6, 3.7) and r e s u l t s  a r e  p l o t t e d  as a f unc t i on  of r a d i a l  

d is tance i n  F i gu re  3.11. The t o t a l  heat  deposi ted i n  t h e  pr imary con- 

c r e t e  s h i e l d  due t o  gamma hea t ing  was ca l cu l a ted  t o  be 15 kw. 



Table 3.6 

DOSES IN ROENGENS PER HOUR I N  THE CONTAINMENT 
SHELL DURING FULL POWER OPERATION 

(Refer t o  Figures 3.3 and 3.4 fo r  dose po in t  locat ions.) 

DOSE CORE NI 6 1  N PUMP ( A )  PUMP ( A )  PUMP (A )  MS L TOTAL 
PO l NT STM.DWE NO. I NO. 2 NO. 3 

I 1.6x104 - 5 5 5 760 (B) 1.7x104 ' 

2 1.5x104 4 - - - - 1.5~104 
3 6 x 1 0 - ~  5 . 2 ~ 1 0 ' ~  - - - - 6x 10'3 
4 1x10-3 - - - . - - 1x10-3 

' 5 7 x 1 0 - ~  - - - - - ' 7x 1 oe4 
6 ' 1  .9x104 - 10 10 10 80 (B) 1 .9x104 
7 3.6x104 - 8.3 ' 8.3 8.3 30 (B) 3.6x104 
8 2.3x104 - 4.5 4.5 4.5 - 2,. 3~ 1 o4 
9 3 . 5 ~ 1 0 5  

. . - 1 . 1  . 1 . 1  1 . 1  - 3.5~105 
1 0  I . 2 x 1 ~ 5  - - - - - I . ~ X I O ~  
I I 7 .9~101 4 - - - - 8 . 3 ~ 1 0 ~  
12 1.2~104 4 - - - - I . ~ X I O ~  
13 2 . 4 ~ 1 0 ' ~  - - - - - 2 . 4 ~  10-3 
14 6x10-5 - 4 . 5 ~ 1 0 ' ~  6.5 4 . 5 ~  1 0 ' ~  - 6.6 
15 I X I O - ~  - 2 . 3 ~ 1 0 ' ~  1.5 2 . 3 x 1 0 - ~  -. 1.6 
16 6x10'5 - - 1 . 2 ~ 1 0 ' ~  - - 1 . 2 x 1 0 ' ~  
17 1 . 2 ~ 1 0 - ~  1x10-3 - - - - I x I 0-3 
18 9x10-6 . - - - - - 9x lo-6 
19 1 . 2 ~ 1 0 ~  - - - - - 1 . 2 ~ 1 0 ~ ~  
20 '3.2~10'7 - - - - . - 3 . 2 ~  lo'7 

' 21 - - 7x 1 0 ' ~  2 7 7x lo-z - 27 , 
22 - - - 1.7~10-I - ,  - 1.7~10'1 , 

23 - - - 6x 1 o ' ~  - - 6x 10-3 
24 - - - - - - - 
2 5 - - - - - - - 
2 6 - - - 8x 1 oe2 2 7 1 .3x10-3(~) 2 7 
27 - - - - 6x10'~ 2 .2~10- I  ( c )  2.8~10- I  

( A )  Includes r e c i r c u l a t i o n  pump and re la ted  piping. Dose i s  from both crud 
deposit ion and N I ~ .  

( 0 )  Due t o  ac t iva ted  pipe wal l  by thermal neutrons. 

(C) Due t o  N~~ ca r r  i ed by the  steam. 

5 7 

- - 



Table 3.7 

DOSES IN  ROENTGENS PER HOUR IN THE CONTAINMENT 
SHELL 10 HOURS AFTER SHUTDOWN 

(Refer t o  F igures 3.3 and 3.4 f o r  dose p o i n t  l oca t ions . )  

DOSE CORE FUEL(C1 CONTROL(C) PUMP(A) PUMP(A1 PUMP(A1 TOTAL(0) 
POI NT SHUTDOWN ELEMENT ROD IN NO. I NO. 2 NO. 3 

( A )  Includes dose from r e c i r c u l a t i o n  pumpmand r e l a t e d  p ip ing .  

(B)  To ta l  inc ludes dose from a c t i v a t e d  MSL g iven i n  t h e  opera t ing  tab le .  

(C) Located i n  pool on v e r t i c a l  center  l i ne. 



3,2 REACTOR AND SYSTEM DYNAMICS 

The CRBR system analog simulator, which includes the reactor, external 

steam system, and controls, was completed. New void-vs-reactivity curves and 

improvements in the superheater simulation were incorporated. The simulator 

will now show the fuel hot-spot and exit steam temperatures during a transient. 

A simplified block diagram of the simulator is shown in Figure 3.12. The 

purpose of each block was previously described. l4 Figure 3.13 shows the actual 

void-reactivity relationship used in the simulator. These curves were calcu- 

lated from the physics and heat transfer characteristics of thereactor core 

and are now felt to be re1 iable for conditions about the ful l-power operating 

'point. .A detailed description of the simulator was written and will be 

published as soon as improvements and additions that have been planned are 

i nc l uded. 

. Results of several system disturbances are shown in Figures 3.14 through 

3.16. It should be kept i n mi nd that the curves were taken with steam-l i ne 

pressure regu l at i on on l y . The pressure regu lator was set at a typi ca I' adjust- 

ment, not necessarily the optimum adjustment. Figure 3.14 shows variations for 

the maximum rate of control-rod run-in. Figure 3.15 shows variations for the 

maximum rate of control --rod run-out. ~i gure 3.16 shows variations for 

recirculation pump failure and start-up with full. line voltage applied and 

butterfly valves wide-open. 

The above curves show that the relation between reactor power and exit 

~ steam temperature is very nearly a constant. During a.transient, however, a 

I4Pathf i nder Technical Progress Report, ACNP-5909, P. 44, 45. 



change i n  steam f low lags the r e a c t i v i t y  change by the sum of t h e  kioi I  e r  

f ue l  time constant and time constants associated wi th the steam-dome pressure 

buil'd-up and steam f low dynamics. A t  f u l l  power, t h i s  lag i s  approximately 

10 seconds. A r e a c t i v i t y  change produces an almost instantaneous change i n  

superheater heat f l u x  whi le  a lag o f  about 4 seconds i s  present i n  the b d i l e r  

core. Thus, the e x i t  steam temperature i n i t i a l  I y r i s e s  upon a r e a c t i v i t y  

add i t i on  and i n i t i a l l y  f a l l s  when r e a c t i v i t y  i s  decreased. 

A s t r a i g h t  forward scheme i s  being devised t o  simulate a known degree 

o f  by-pass and tu rb ine  stop and/or t u rb ine - in le t  valve mismatch during a 

tu rb ine  overspeed o r  during a tu rb ine  t r i p .  Thus, .studies w i  I l es tab l ish  

the  maximum amount o f  valve mismatch permissible without severely a f f e c t i n g  

any pa r t  o f  the  system. The pressure response t o  a sudden valve c los ing  

i nstantaneous w i  t h  a reactor  .scram w i I  l a I  so be determ i ned . 
Work i s be i "g done t o  ana I  yze i n deta i I the hydrodynaml c. charac ter is t i cs  

o f  the CRBR primary system. A func t ion  i s  being derived r e l a t i n g  the var iable 

core f r i c t i o n  factor ,  b u t t e r f l y  valve posit ion, r e c i r c u l a t i o n  f low rate, feed- 

water f low rate,  and steam q u a l i t y  a t  the core e x i t .  This funct ion w i l l  be 

placed i n  the simulator and w i l i  be used t o  I )  determine the damping, 2) any 

hydrodynamic osci l la t ion ,  i f  present, o f  the  pr irnary loop, and 3) ca lcu la te  
I 

the  natural ,  frequency o f  o s c i l l a t i o n  o f  the primary loop as a funct ion o f  power 

leve ls  from f u l l  power t o  natura l  c i r c u l a t i o n  power. 

Recently s ta r ted  i s  a t ime dependent f l u x  study. This inves t iga t ion  i s  

I 
i ntended t o  show the dynami c character i s t  i cs o f  the coup I  i ng between the boi I  e r  

and superheater cores. Power s t a b i l i t y  and f l u x  t r a v e l i n g  w i l  I be studied f o r  

a v a r i e t y  of reactor  disturbances. @ .  

i - 
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3.3. CRITICAL EXPERIMENTS 

The erec t ion  o f  most o f  the all is-Chalmers C r i t i c a l  F a c i l i t y  was completed 

during the  l a s t  quarter.  The dump tanks, ion exchange tank, support structure, 

and reactor  tank are now ins ta l l ed  permanently w i th  a l l  the associated pumps, 

piping, and valves. The g r i d  p la te  and other  core st ructures were p a r t i a l l y  
I 

assembled. Most o f  the cont ro l  rod dr ives  were mounted on the cont ro l  rod- , .  . 

d r  i ve mount i ng bridge. A l  i gnment o f  the dr  i ves, rods, and gui de tubes w i  1 1 be 

completed e a r l y  i n the next quarter.  . With the except ion o f  a few cont ro l  rods, 

a l l  the components f o r  the a'ssembly were received. 

A l l  the e l e c t r i c a l  c i r c u i t s  from the console t o  the reactor  were i ns ta l l ed  

during the  quarter, except the c i r c u i t s  t o  fhe neutron and gamma d e t e c t ~ r s .  

~i nety-four per cent o f  the boi le r fue l  has been received. 
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4. CHEW I STRY 

4.1 . CORROS l ON 

E f f o r t s  are being made t o  make the'eddy cur ren t  gage a more precise 

laboratory instrument f o r  measuring corrosion rates.  .The gage used on the 

dynamic corros ion t e s t  loop was dismantled, and a new null-measuring meter 

w i l l  be incorporated.. A t e s t  was designed t o  determine the e f f e c t s  o f  

ambient and component temperatures on operat ion o f  the gage. These tes ts  

w i l l  be conducted t o  determine how much the act-uracy w i l l  be improved by 

be t te r  contro l  o f  temperature, as soon as the null-measuring meter i s  

incorpora-bed. S ign i f i can t  increases i n  s t a b i l i t y  and accuracy o f  the. gage 

must be obtained fo r  measurement o f  corros ion ra tes .  

4.2. RECOMBINER, RADIOACTIVE GAS REMOVAL AND STORAGE 
SYSTEM, ION EXCHANGER, AND CHEMICAL FFtDCESSlNG 

4.2.1 . Radioactive Gas   em ova System 

The gas removal system present ly consis ts  o f  a long delay p ipe - tha t  

provides approximately 6 minutes o f  add i t iona l  delay t ime i n  the  system 

before ava i lab le  atmospheric dispers.ion i s  made. Estimates o f  t he  off-gas 

a c t i v i t y  levels  ind icate t h a t  t h i s  system w i l l  be adequate f o r  continuous 

p lan t  operat ion under normal operat ing condit ions. 

Design ca lcu la t ions  on a l iquefac t ion  system t h a t  may be used as an 

a l t e rna te  are bei ng made. Design o f  such a system w i  l l be emphasi zed only  

i f  i n i t i a l  p lan t  t e s t i n g  shows a need f o r  f u r the r  gas decontamination. Space 

i n  the Fuel Handling Bu i ld ing  i s  ava i lab le  f o r  quick i n s t a l l a t i o n  o f  t h i s  

system should the need ar' ise. 

4.2.2. L iqu id  and So l id  Waste Handling System 

The r e p o r t  on l i q u i d  and s o l i d  waste handling requirements f o r  t he  



Pathf i nder was reviewed and eva l uated . The review and ana I ys i s were 

based on the fo l low ing c r i t e r i a :  economics, safety t o  p lan t  and operat ing 

personnel, f l e x i b i l i t y ,  f e a s i b i l i t y ,  r e l i a b i l i t y ,  the quant i ty  o f  Water , . 

ava i lab le  f o r  d i l u t i on ,  the quan t i t i es  and types o f  wastes t o  be treated, 

corros ion product contamination, f i s s i o n  product contamination, and . , 

discharge o f  wastes a t  less than maximum permissible concentrati.ons. 

A prel iminary conceptual design o f  a l i q u i d  waste disposal system was . 
I 

completed on the  basis o f  the evaluat ion. Evaporation, demineralization, 

decay, and d i l u t i o n  are the methods proposed. Evaporation i s  the major 

method proposed. Treated water w i l l  be reused i n  the system where possible. 

Cer ta in types of l i q u i d  wastes w i l l  be discharged d i r e c t l y  i n t o  the r i v e r .  

4.2.3. Reactor Water P u r i f i c a t i o n  System. 

4.2.3.1. Sys'tem Design. Desisn.Status. A diagram o f  the reactor  

water pur i f i c a t  i on system i s shown i n F i  gure 4.1 . The conceptua l desi gn 

~ phase f o r  the system i s  near ly  complete assuming t h a t  no major changes i n the  
I 

design requirements are made. 

The t e n t a t i v e  requirements f o r  i n te r  locks, annunciators, and cont ro ls  

were w r i t t e n  and are described below. The superheater dra in ing '  procedure 

(Sect I on 4 . 2 . 3 . 2  .I was rev  i sed and ex pa'nded. 

The reference design' f o r  the p u r i f i c a t i o n  system f lash  tank i s  shown 

i n  Figure 4.2. Mo.isture separation requirements are present1.y being inves t i -  

gated i n  more d e t a i l  t o  de+ermine i f  the  separating equipment may be 

simpl i f  ied. 

I 

1 5 ~ .  Armando, e t  a l  , ~ a t h f  i nder Atomic Power Plant  Study o f  L iqu id  and Sol i d  
Waste Disposal Requirements, ACNP-5916, 1959. 



I 
Tests o f  var ious f i l t e r s  a re  cont inu ing,  s ince r e s u l t s  o f  t e s t s  w i t h  

cotton-wound t lFu l f l o t '  f i l t e r  elements were no t  encouraging. D e t a i l s  of  

these t e s t s  and o f  t e s t s  w i t h  o t h e r . f i l t e r  ma te r i a l s  a re  g iven i n  

Sect ion 4.2.3.3. 

Automatic Controls,  Annunciators, and I n te r l ocks .  The l i s t  o f  general 

c o n t r o l  and ins t rumentat ion requirements f o r  t h e  reac to r  water p u r i f i c a t i o n  

and superheater dra i n  i ng system was rev  i sed and k i l l supersede any p rev ious ly  

publ ished l i s t .  The rev ised  l i s t  w i l l  serve as a  re ference f o r  w r i t i n g  I 

de ta i l ed  equipment spec i f i ca t i ons .  I t  does no t  inc lude requirements f o r  

r e s i n  s l u i c i n g  systems, f i l t e r  backwashing systems, o r  r a d i a t i o n  moni tor ing 

equipment. These systems and equipment w i l l  be considered separate ly .  

The shut-down pump requirements a r e  as fol.lows: 

I ) The 'pump w i l l be remotely operated from t h e  c o n t r o l  room. 

2 )  E l e c t r i c a l  . i n t e r l o c k s  between va lves P-l and P-2 (see 

F igure 4.1.) and t h e  pump s t a r t i n g  c i r c u i t  a re  required.. The i ,n te r locks  

w i l l  cause t he  va lves t o  open s imul taneous ly ,wi th  pump s t a r t i n g  and c l ose  

w i t h  pump stopping. 

3) Pressure actuated i n t e r l o c k s  between va lves P-l and P-2 and t h e  

reac to r  a re  requ i red  t o  prevent t h e  va lves f rom opening when t h e  reac to r  

pressure exceeds a se t  pressure less  than t h e  maximum design working pressure 

o f  t h e  shut-down pump. Two separate i n t e r l o c k s  should be provided. Each one 

should r ece i ve  i t s  s igna l  from a separate sensing element located between 

t h e  r e c i r c u l a t i o n  loops and t h e  i n l e t  t o  t h e  shut-down pump. One i n t e r l o c k  

can cause a i r  t o  be b led  from va l ve  operators.  The second i n t e r l o c k  can 

cause e l e c t r i c a l  contacts  t o  open t h e  pump s t a r t i n g  c i r c u i t  so t h a t  t h e  pump 



cannot be s ta r ted  from the  cont ro l  room. There should be no means a v a i l -  

ab le  f o r  by-passing these in te r locks .  (The in te r locks  discussed above w i l l  

be required only  i f  the  shut-down pump i s  not  designed f o r  f u l l  reactor  

pressure. 

4) A motor load monitor on the  cont ro l  panel i s  requi red t o  

ind icate the  load on the  shut-down pump. An ammeter may be used f o r  t h i s  

purpose. It w i l l  be used t o  determine when superheater dra in ing i s  complete. 

5) L igh ts  on the  cont ro l  panel a re  required t o  g ive  a  p o s i t i v e  

' ind ica t ion  o f  the  open pos i t i on  f o r  valves P-l and P-2. A l i g h t  w i l l  . a l so  

be requ i red . to  ind ica te  when the  shut-down pump i s  operating. 

6) E l e c t r i c a l  co,ntacts w i l l be required f o r  t he  pump' pressure-re1 i e f  

va lve P-9. An alarm and a l i g h t  t h a t  a re  i n i t i a t e d  on c los ing  o f  the  

contacts w i  l l be requi red on the  cont ro l  panel t o  ind ica te  t h a t  t he  valve 

has l i f t e d .  

The superheater dra in ing system requirements a re  as fol lows: 

I )  In te r locks  between valve P-4 and valves P-5 and P-6 are  required 

so t h a t  P-5 and P-6 open wh i le  P-4 closes, and so t h a t  P-5 and P-6 c lose 

wh i le  P-4 opens. This  operat ion w i l l  be sequenced so t h a t  P-4 does not  open 

unt  i l P-5 and P-6 are  closed. 

2) ~ i ~ h t s  w i l l  be requi red on the  cont ro l  panel t o g i v e a  p o s i t i v e  

i nd i ca t i on  of t he  open pos i t i on  o f  valves PL4, P-5, P-6, and P-8. 

3) A pressure sensihg element . w i l l  be i n s t a l l e d  i n  t h e  bu f fe r  zone 

between P-5 and P-6 and w i l l be connected t o  a gage located so t h a t  l eakage 

o f  a  valve may be observed by an operator., 

4) Valves P-5 and P-6 w i l l  be in ter locked w i t h  the  cont ro l  rod  

"withdrawal permit" as a  p a r t  o f  t h e  reactor  start-up in te r lock  scheme. The 

\ 



rods  cannot be withdrawn unless these va lves a r e  closed; t he  va lves 

cannot be opened when t h e  reac to r  i s  c r i t i c a l .  Th i s  w i l l  prevent any 

un i n ten t  i ona I dra f n  i,ng o f  t h e  superheater wh i I e  t h e  reac to r  i s  c r  it ica I. 

Requirements f o r  emergency i s o l a t i o n  va lve  P-7 a re  as fo l lows:  

The emergency i s o l e t i o n  va l ve  P-7 w i l l  'be a  qu ick-c los ing s top va lve.  I t 

should c l ose  on any i s o l a t i o n  scram s igna l .  Valve c l o s i n g  t ime should be 

t h e  same as i s  requ i red  f o r  t h e  main-steam i s o l a t i o n  valve.  Valve c o n t r o l s  

should be provided t h a t  permi t  c l o s i n g  o f  t h e  va lv?  by an operator i n  t h e  

con t ro l  room. I f  leak de tec t ion  equipment i s  i n s t a l l e d  between t h e  con- 

ta inment vessel  and va l ve  P-10, va lve  P-7 may be requ i red  t o  c l ose  on a  

l eak-detector generated s  i gna I. 

Requirements f o r  t h e  blow-down c o n t r o l  va lve  P-I0 a r e  as fo l lows:  

A con t ro l  system f o r  t h e  blow-down c o n t r o l  va lve  P-I0 i s  r equ i r ed  so t h a t  

it may be remotely pos i t i oned  a t  any p o i n t  from shut t o  f u l l  open. A va l ve  

p o s i t i o n  i nd i ca to r  w i l l  be requ i red  f o r  t h e  c o n t r o l  panel and w i l l  i nd i ca te  

t h e  per cen t  o f  f u l l  s t roke. The va l ve  w i l l  be capable o f  automat ic qu ick  

c l o s i n g  when c e r t a i n  undes i rab le  system cond i t i ons  a r e  encountered. 

Condi t io i ls  t h a t  w i l l  cause t h e  va l ve  t o  be c losed by i n t e r l o c k s  are: h igh  

f  lash-tank pressure and extremely h i gh  .f lash-tank water leve l .  An ope ra to r .  

should be a b l e  t o  by-pass t h e  i n t e r l o c k s  t o  permi t  normal procedures dur ing  . 

s ta r t -up  and shut-down. 

The f lash- tank con t ro l  requirements a r e  as fo l lows:  

I )  Pressure w i l l  be maintained a t  t h e  des i red  se t -po in t  by 

automat ic c o n t r o l  o f  va l ve  P-12. The pressure sensing element w i l l  be 

i n s t a l l e d  i.n a  p ipe  extension o f  t h e  f l a s h  tank, probably i n  t h e  some p ipe  

used +or  t h e  l i q u i d  l eve l  con t ro l .  This p i pe  extends through t h e  concrete  
/ 

b i o l o g i c a l  sh i e l d i ng  t h a t  houses t h e  f l a s h  tank. 



2) Valve P-12 w i l l  be inter locked w i th  the l i q u i d  level 

c o n t r o l l e r  t o  cause it t o  p o s i t i v e l y  shut when l i q u i d  level i n  the f l ash  

tank i s  high, regardless o f  pressure. A receding water level below the 

set-point v l i  1 1 permit pressure cont ro l  t o  be resumed. 

3) On a pre-set high pressure i n  the f l ash  tank, an in te r lock  

feature w i l !  cause an alarm t o  sound and w i l l  cause valve P-I0 t o  close. 

' 4) A l i g h t  w i  l l  be provided t o  ind icate the shut pos i t ion  o f  

valve P-!'2. 

5 )  Water level i n  the f l ash  tank w i l l  normally be maintained a t  

a se t  pos i t ion  by aut.omatic cont ro l  o f  valve P-46. A d i f f e r e n t i a l  pressure 

cont ro l  system w i  I  l  be used. 

6) Valve P-46 should be capable o f  being opened o r  closed from 

the  contro l  room by an operator. 

7)  A level ind ica tor  should be located on the  cont ro l  panel. 

No recorder w i l l  be required. 

. 8) L iqu id  level cont ro l  system w i l  1 incorporate the fo l low ing 

add i t iona l  ' sa fe ty  features: a )  an alarm w i l l  be requi red t o  sound a t  a 

pre-set high water l  eve1 j u s t  under nozzle entrance e levat ion;  b) an 

i n t e r  lock v ~ i  l l cause P-I 0 t o  qu ick ly  c lose a t  a pre-set extreme high water 

level ;  c )  an independent . in ter lock w i l l  cause P-12 t o  c lose a t  the same 

level;  d) means o f  by-passing both in te r locks  t o  permit continuous 

operat ion through t rans ien t  s tar t -up and shut-down stages w i l l  be provided; 

e )  e l e c t r i c a l  conTacts may be provided on the level ind ica tor  f o r  in te r -  

lock and alarm purposes. 

Flash tank nozzle s top valves ' w i l l  be provided w i th  e l e c t r i c a l  contacts 

so t h a t  the open pos i t i on  can be indicated by a l i g h t  on the cont ro l  panel. 



Steam by-~ass  valve P-25 and stop valve P-48 w i I  l be remotely 

operated stop valves. They will be in ter locked so t h a t  one closes as the 

other opens. Their operat ion should be sequenced so t h a t  the opening 

valve operates sooner ( f a s t e r )  than the c los ing  valve. .Valve operat ion 

w i l l  cons,ist of se lect ing one o f  two switch posi t ions on the  cont ro l  

panel. The posi t ions w i l l  be designated steam t o  heater and steam t o  

condenser. 

Flow con'tro l "requ i rements o f  condensate and .c i r c u  I a t  i nb water t o  

p u r i f i c a t i o n  coolers are as fol lo'w,~. The f low contro l  val;es w i l l  be 

actuated by therma l bul bs located i n  the cooler' out  l e t  o r  f i l t e r -  i n le t ,  

1 i ne . A pneumatic temperature contro l  l er- i nd i cator  w i I I be used t o  

ma i nta i n constant cooler o u t l e t  tem'perature. 

A second temperature sens i ng element w i  l l be used t o  sound an a larm 

a t  a pre-set high temperature. 

Two water f low meters are required i n  the system. One f lowmeter 'wi l l  

precede valve P-l0,and the other w i l l  precede valve P-46. Both flowmeters 
J 

w i l l  g ive a continuous ind ica t ion  o f  f'low r a t e  i n  the cont ro l  room. No 

in tegra t ing  o r  recording w i l l  be required. 

Addit ional temperature and pressure i-ndicators are requi red a t  various 

points  throughout the system. The  exact pos i t ions  have n o t  ye t  been 

established. 

4.2.3.2. Superheater Draining. 0esisn'Status. The superheater 

dra i n i ng system cons i s t s  o f  the reactor  water pur i f i c a t  i on system 

(Figure 4.1.) plus a 4-inch dra in  l ine, three add i t iona l  valves, and the 

i n te r  locks and 'contro ls .  



Dur i ng the quarter, the 'procedure f o r  dra i r l  i ng the superheater i a s  

revised and exparlded. The e f f e c t  o f  equipment f a i l u r e  and/or human e r ro r  

during o r  p r i o r  t o  d ra in ing  was p a r t i a l l y  evaluated. . , 

Problems associated w i th  maintenance o f  d ra in  valves were considered, 

and procedures are i n process o f  being formulated. 

Superheater Drain inq Procedure. I n  formulat ing the superheater 

d ra in  i ng procedure, the f o  I lowing assumptions were made. 

I )  The reactor  has been started-up a f t e r  a normal shutdown f o r  

r e f u e l i n g  and/or maintenarice. 

2) The reactor  has'been operat ing a t  a power level o f  12 t m w  

f o r  approximately one hour, and the reactor  pressure i s  about 100 psia 

saturated. 
\ .  

3) The temperatura o f  the  water between the bot toh o f  the  super- 

heater and the main steam i s o l a t i o n  valve i s  approximately 1 o~OF . ,  

4) The p u r i f i c a t i o n  system i s  being operated w i t h  the shut-down 

pump tak ing  suctqon from the rec i r cu !a t i on  loops. 

5) Two nozzles on the f l ash  tank are open. 

6) A l l  f i l t e r s  and ion exchangers are  operat ing i n  pa ra l l e l ,  and 

the f low i s  assumed t o  be greater than 100 gpm. 

7) Valves P.5 and P.6 are closed; valve P-4 i s  open. (Valves 

P-5 and P-6 are  e l e c t r i c a l l y  in ter locked w i th  appropriate reactor  cont ro ls  

.so t h a t  they cannot be opened'when the reactor  i s  cr i t ical . . )  

8) Flash-tank steam i s  by-passed t o  the  main condenser. . 



The superheater may be drained e i t h e r  w i th  o r  wi-thout the shut-down 

pumps according t o  the fo l low ing procedure. 

I )  Ths contro l  rods are inserted t o  shut-down the reactor.  

2) Flow t o  the f lash  tank i s  stopped by c los ing  cont ro l  valve 

3) The f !ash tank l i qui d level cont ro l  l e r  i s .,set a t  - t h e  lowest 

posi t ion.  The f lash  tank w i l  l then d ra in  almost completeiy i f  a vacuum 

ex i s t s  i n  the main condenser. 

4) A l l  four nozzles on the f l ash  tank are opened f u l l y .  

5) Valve P 4  i s  closed, and d ra in  valves P-5 and P 6  are 

opened. (These valves are in ter locked so t h a t  P-4 closes before P-5 and 

P 6  are opened.) 

6 I f  a t  least  5 minutes has eiapsed since shut-down, cont ro l  

valve P I 0  i s  opened t o  dra in  the system. 

6a) 1 f the shrrtdwn pump i s used, va i ve P-I 0 i s opened unt i l a 

maximum f low r a t e  o f  270 gpm i s  reached. The superheater i s  drained a f t e r  

about 3-1/2 minutes. The operator i n  the  cont ro l  'room may determine t h a t  

dra in ing i s  complete by observing an ammeter t h a t  i s  connected i n  the  

c i r c u i t  o f  the shut-down 'pump motor. When the current  f a  l l s o f f  and i s . 
steady, dra i  n i ng i s  complete, and the pump ' i s  stopped. Valves PI and P 2  

are automatical l v  closed through inter locks.  - The operator may a l so  determine 

when dra i n i ng i s complete by observi ng f low meter i'nd ical- i  ons. - 

6b) If the shut-down pump i s  no t  used, a f low r a t e  o f  about 170 gpm 

rnay.be expected when valve P-I0 i s  opened. The f low i s  a r e s u l t  o f  the pressure 

d i f fe ren t ia l -be tween the reactor  and the  main condenser. Tke operator nny 

determ i ne when Jra i n i ng i s complete by observ i ng f low meter i nd i c a t  i ons. 

Draining should be complete a f t e r  about 5-I/2 minutes. 



7) Steam i s  .allowed t o  blow through the  dra in l i n e  t o  the  f l a s h  
I 

tank f o r  approximately 1-1/2 minutes a f t e r  dra in ing i s  complete. 

8 )  The operator &ens the  ma i n  steam by-pass and then closes 

dra in  valves P-5 and P-6, 

9) The remaining star t -up procedure, i n  general, i s  as previously 

ou t  l i ned. l7 

Draining Time. Draining times w i th  and without the  shut-down pumps were 

calculated assuming t h a t  950 gal lons o f  water were t o  be drained and t h a t  the  

water between the  bottom of t h e  superheater and the main i s o l a t i o n  valve i s  

105°F. Heat t rans fer  ca lcu la t ions  ind ica te  t h a t  the l a t t e r  cond i t ion  may 

be expected a f t e r  a  normal shut-down, i.e. when the  reactor and sh ie ld  pool 

have been maintained a t  1 0 5 ' ~  f o r  a  number o f  hours. Should t h e  temperature 

of the water be near or equal t o  the  sa tura t ion  temperature of the  reactor  

water, the  dra in ing  t ime w i l l  increase considerably. This  i s  especia l ly  t r u e  

when the shut-down pump i s  no t  used. 

~n  i ntent  i ona I .  Dra i n  i ng. . The 'on l y  ti me t h e  superheater i s  f l ooded and 

the reactor  i s  c r i t i c a l ,  co inc identa l l y ,  i s  during the  i n i t i a l  phase o f  

start-up. The' maxi mum possi b l e  dra in ing r a t e  was ca lcu la ted f o r  acc i dental 

dra in ing w i th  the  fo l lowing condit ions: 

I )  T h e  reactor  i s  c r i t i c a l  and producing 12 tmw.  

2) The reactor  i s  a t  100 psia saturated condi t ions j u s t  p r i o r  

t o  shutting-down f o r  draining. 

3) I n t e r  locks. between valves P-5 and 'P-6 and the  con t ro l  rod 

"withdrawal permit" a re  inoperat ive.and t h e  valves are  acc identa l l y  opened 

wi thout  resu l tan t  scramming o f  the  reactor.  Valve P-4 i s  closed. 

4) ~ The shut-down pump i s  operating. 

I 7 ~ c ~ p - 5 8 1 2 ,  pp. 36, 37 and 38. 



5)  Water i n  the main steam l i n e  up t o  the superheater i s  a t  

approximately 1 0 5 ~ ~ .  

6)  A 1  I  f lash  tank nozzles are open. 

7) The p u r i f i c a t i o n  system f i l t e r s  and ion exchangers are 

operat ing i n  paral l e l .  

8 )  A l l  l i q u i d  valves inc luding the cont ro l  va,lves are open f u l l .  

The maximum possible dra in ing r a t e  under these condi t ions is '  304 gpm. 

Draining a t  t h i s  r a t e  would empty the fuel  sect ion o f  the superheater i n  I1 

seconds. I f  operat ing .procedures previously ou t  l i ned are f o l  lowed, few of 'the .ad.- 

l i ~ e d  conditions should ex is t ,  and the p o s s i b i l i t y  o f  dra in ing a t  such a high 

r a t e  o f  f low i s  therefore very remote. 

4.2.3.4. Tests. Cotton-Wound F i l t e r  Elements. Test ing o f  cotton-wound 

Fu 1 f l o f i I t e r  e l ements was completed . The t e s t  cond i t i  ons c lose I y approx i - 
mated the cond i ti ons a n t i c  i pated i n the Pathf i nder reactor-water pur i f i c a t  i on 

system. A simulated corrosion product, boehmi t e  (AL203.H20), was used i n  the . 

t e s t s  t o  determine various f i l t e r  charac ter is t i cs .  Boehmite was selected fo r  

the f o l  lowing reasons: I )  corros ion ca lcu la t ions  indicate t h a t  the greatest  

percentage o f  suspended corrosion producfs t o  be removed by the p u r i f i c a t i o n  

system w i l l  cons is t  o f  aluminum; 2) spectrographic and X-ray d i f f r a c t i o n  

analyses o f  corros ion products taken from the dynamic aluminum corrosion t e s t  

loops (Section 1.1.) show the major por t  ion o f  the aluminum t o  be i n  the form 
, . 

o f  boehmite; 3) information from simi l a r  corros ion product analyses made a t  

ANL ind.icate t h a t  most o f  the aluminum i s  i n  the  form of boehmite. 

Results o f  the cotton-wound f i l t e r  t e s t s  are somewhat discouraging 

because of the poor load-up characte i - is t ics and r e s u l t i n g  r a p i d  pressure-drop 



increase. The maximum mass load-up was such t h a t  a t  least 30 f i l t e r  

elements would be requjred f o r  every pound of. boehmite removed, assuming 

a maximum all,owable pressure drop o f  25 t o  30 psi i s  the  L imi t ing  factor .  

Load-up d i d  not  s i g n i f i c a n t l y  vary w i th  f low ra tes  from 0.5 t o  2 gpm/element. 

The rap id  increase o f  pressure drop as shown i n  Figures 4.3, 4.4, and 

4.5 can be a t t r i b u t e d  t o  the method of f i l t r a t i o n  and the  physical 

cha rac te r i s t i cs  of the bcehmlte. Dissect ion of used f i l t e r s  revealed the 

method of f i l t r a t i o n  t o  be one of surface caking w i th  essen t i a l l y  no depth 

f i l t r a t i ' o n ;  and the cake formed appeared .to be a gelatinous, non-porous mass. 

Test data was used t o  p red i c t  the  year ly  operat ing cost  o f  cotton- 

wound f i D t e r s  should they be used as pre- and a f te r - - f  i l t e r s  i n  t he  reactor  

water p u r i f i c a t i o n  system. Even the  most conservative estima+es appear high 

due t o  the low element capaci ty  when f i l t e r  l ng boehm'i te .  Annua l operat i ng 

costs a t  a minimum are  estimated t o  be $30,000 i f  the f i l t e r  elements are  

cas t  i n  concrete blocks as removed from service and shipped t o  the  disposal 

s i t e .  

The problems associated w i t h  f i l t e r i n g  large quen t i t i es  o f  aluminum 

corros ion product w i th  cotton-wound f i l t e r  elements i s  considerabse. The 

t e s t s  r e s u l t s  represent a s i g n i f i c a n t  departure from what would be expected 

i n  a system where ferrous rnater i a  l s predominate. L i  terad-ure surveys were 

made but  l i t t l e  information has been found on t h i s  subject thus fa r .  I n fo r -  

mation t h d t  has been published i s  i n  d e f i n i t e  agreement w i t h  the  t e s t  resul ts .  

It was decided, however, t h a t  more r e l i a b l e  conf irmation should be obtained 

before f i n a l  conclusions a re  made. Therefore, the  l i t e r a t u r e  search w i l l  

be continued as we1 l as personal contacts w i th  various organizat ions 

generating such information. Tests o f  other f i l t e r  mater ia ls  t h a t  may be 

more su i tab le  are cont inuing. 



Micro-Klean F i l t e r s .  Tests a re  present ly i n  progress using Micro- 

Klean, 5-micron ra t i ng ,  f i l t e r s .  .These f i l t e r s  a re  ident ica l  i n  s ize  t o  

the  F u l f l o  f i l t e r s .  The type of construct ion i s  d i f f e r e n t  and the  elements 

may therefore have d i f f e r e n t  f i l t e r  charac ter is t i cs .  A comparison w i l l  be 

made between the  Micro-Klean f i l t e r s  and F u l f l o  f i l t e r s  'as soon as tes.ts 

are comp l ete. 

Duo l i te  S-30. Two t e s t s  of Duo l i t e  S,-30, a phenolic res in,  were 

completed. A f low r a t e  of 6 gpm/square foo t  was used w i th  a 6-inch 

diameter by 18-inch deep res in  bed. The t e s t s  indicated the material  t o  be 

completely i ne f fec t i ve  f o r  f i l t e r i n g  aluminum corrosion product. 

Na l c i t e  HCR-W. Na l c i t e  HCR-W i n  the  40- t o  60-mesh s i ze  range was 

tested as a f i l t e r  mater ial .  A f low r a t e  o f  6 gpm/square foo t  was used 

w i th  a 6-inch diameter by 18-inch deep res in  bed. The material  was very 

e f f e c t i v e  as a f i l t e r  fok the  boehmi te. Unt i  l break-through the res in  

removed almost 100 per c e r t  o f  the  corrosion product. The f i n e  res in  was 

not as sens i t i ve  t o  f low changes as was the  larger 12- t o  40-mesh res in  

previously tested. Load-up was considerdbly higher w i th  the  f i n e  res in.  



T H I S  PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



. . . ' 5. INSTRUMENTATION AND CONTROLS 

. . 

5.1. SPECIFICATIONS 

Pre I i m i  nary ' speci f i da t  ions fo r  the  i nstrumentat ion and cont ro l  s are 
I : .  . . . .  

, be i ng prepared by the  arch  i tect-eng i neer. Several meetings were he l d t o  

discuss d e t a  . i . .  led requirements.' Pre'l i m i  nary proposa I s f o r  t h e  ~ a t h f  i nder 

. . contro I. system . . .were . . r ece'i . ved . ,from .potent i a I  supp I i ers. . 
. .. . . 

' , .  . . . .  

I 5 .2 .  PENETRAT l ONS 
. . 

Var.ious designs . f o r  ' the  ,reactor-bui'ldirig e l e c t r  ical-cab l e  penetrat ions 
. . 

were studied. Two.of the.designs.are '  shown i n  Figur.e 5.1. Type A can 

be used f o r  the  cont ro l  cables. - Type B penetrat ions can be used fo r  the  

high voltage s ing le  conductor cables and f o r  spares. A l ' l  co-axial cables 

. . 
w i  l l be terminated a t  i h e  vessel wal l and commercial l y ava i ' lab l e  connectors 

w i  l I be used t o .  penetrate the  wa l I. 

A l i s t  o f  the  start-up ?nter ldcks was prepared and i s  shown i n  

Figure 5.2. The safety and alarm signal l i s t  i s  being revised t o  incl.ude 

the method of 'detecting and i n i t i a t i n g  the  signal, the  type o f  alarm, the  

e f f e c t s  on the  system, and meth0d.s o f ' co r rec t i on .  

5.3. WATER LEVEL TESJS 

The water level t e s t  assembly .was completed as shown i n  Figure 5.3. 
. . 

Tests were run t o  determine how wel l  the  assembly would perform during 
. . 

operat ion o f  the  steam-separator t e s t  loop. Instrume'n?~ .were ca l i b ra ted  
. . 

and checked out. Considerable t roub le  was experienced w i t h  a i r  leaks a t  

: the  valve conriections .and the  reducing bushings. .Some problems a l so  arose 

dub t o  the  vibrat i .ons of the  steam separ i to r .  loop and the  turbulence o f  



t he  air-water mixture ins ide  the  stand pipe. The f l uc tua t i ons  i n  the  

manometer readings were dampened out  by small o r i f i c e s  i n  the  connecting 

tubing.. The i n s t a b i l i t y  of t he  l i q u i d  level ind icator  was solved by the  

use of small pressure snubbers i n  ser ies w i th  the . t ransmi t t ing  tubing. 

Several t e s t s  .were run, and the  data i s  being processed. The 

balance of the  data w i l l  be co l lec ted  during the  fou r th  quarter o f  1959. 

The manometer readings f o r  the  pressure taps ind ica te  need f o r  more 

damping, and some data may there fore  be re+aken a f t e r  t h i s  modi f icat ion 

i s  &de. The t e s t  repo r t  w i l l cons is t  o f  three parts: water level 

p red ic t ion  by calculat i .on and tests;  co r re la t i on  o f  actual .  and indicated 

water l eve1 , and app l icab i l i t y  o f  t e s t  r e s u l t s  t o  cont ro l  led rec 1 r cu  l a t i  on 

boi l i ng .water reactors. 



6. PLANT SAFETY ANALYS l S 

Reactor safeguards analyses and s tud ies  o f  p l an t  sa fe t y  a re  con t  i nui ng 

as t h e  p l a n t  desi,gn progresses. A supplement t o  t h e  p re l im inary  safeguards - 
r e p o r t  was submit ted t o  t he  D i v i s i o n  o f  L icens ing and Regulat ion e a r l y  i n  

Ju ly .  subsequently, meet i ngs were he ld  w i t h  t he  Hazards Eva l ua t  ion Branch 

and t h e  Advisory Committee on Reactor Safeguards.. Review o f  t h e  Safeguards 

Report by t h e  AEC i s  cont inu ing.  
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. . 7. FEASIBILITY STUDIES 
t 

7.1. ELIMINATION OF VAPOR CLOSLRE 

  he ln fernuc lear  Company experienced cons iderab le  d i f f i c u l t y  i n  

p u t t i n g  t h e  IBM-704 code i n t o '  operation', and t h e  e n t i r e  p r o j e c t  was . . 
. . 

t he re fo re  reviewed, ' I n te rnuc lear  was requested t o  study t he ,  feas i  b  i l i t y  

o f  containment e l  iminat ion '  us ing eng ineer ing  judgment and hand c a l c u l a t i o n s  
. . 

and' t o  submit a  f  ina l r epo r t .  
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8. STEAM .PLANT AND REACTOR AUX l L l ARY SYSTEMS DES l GN 

De ta i l ed  design and arrangement o f  t h e  var ious components associated 

w i t h  the steam and feedwater system (F igure 8.1) i s  progressing i n  s tep  

w i t h  p l a n t  and p i  p ing  layout  work a t  p ioneer Service and Engineer ing Company. 

Pre l im inary  s p e c i f i c a t i o n s  were w r i t t e n  f o r  most o f  t he  major equipment by 

PSbE and were reviewed by Al l is-Chalmers.  Revised system p ip i ng  schematic 

drawings were a l s o  submitted and reviewed.. 

The reac to r  sa fe ty  va lve and - r e l i e f  p i p i ng  system i s  being analyzed t o  

determine t he  requ i red  capac i t i es ,  s e t  po in ts ,  blow-down l i m i t s ,  e f y e c t  o f  

back pressure, superheater p ro tec t ion ,  and va lve ma i ntenance . 
Reactor opera t ing  procedures a re  being expanded t o  cover abnormal 

cond i t i ons .  A procedure was es tab l i shed  f o r  removing reac to r  decay heat 

w i thou t  us ing the  mai'n condenser o r  condensate pumps f o r  an un l im i t ed  per iod 

beginning approximately 30 hours a f t e r  shutdown. Th is  i s  mede poss ib le .by  

us ing the  stand-by coo le r  o f  the  r eac to r  water p u r i f i c a t i o n  system. The new 

procedure w i l  l pe rm i f  fac i 1 i t o t e  m j 'o i  condenser ma i  ntenance: 

Design requirements f o r  ins t rumentat ion and i n t e r l o c k s  f o r  t he  steam 

p l e n t  end a u x i l i a r y  systems under s t a r t - up  and shut-down cond i t i ons  a re  being 
' 

prepared and w i 1.1' tie used t o  w r  i t e  i nstrumentat  i on and c o n t r o l  spec i f  i c a t  i ons. 



AVERAGE CORROSION RATE Of 8001 ALUMINUM ALLOY IN DYNAIM/C TESTS 

TI ME 'OF EXPOSURE (DAYS) 43 -  023 - 995 KRy, 

A VERAGE CORROSION RATE OF 800/ AL UM/NUM ALL OY IN STA T/C TE.5 73 
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H,GAP BALANCE , 

HEAT LOSS T O  MODERATOR 

TEMPERATURE- OF 
43-023-993 

Figs. 1.8 & 1.9 
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,Aluminum Clod Boiler Fue l  Element - Design II Fig .  1.10 
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C. ANNULAR 
L O W  ENR/C/YMEN T 

1 Superheater Element Concept Fig. 1.13 
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TFST 0-1 

/ COOLANT DISTRIBUTION TEST 
F L O W  .PATTERN 43 - 024 - 017 KRM- 

Typical Flow Distribution Pattern Through Grid Plate . Fig. 2.2 
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Raooor C o v o  Test Vessel Fig. 2.3 



SCHEMATIC Of CLOSURE TEST , . 

43-024-031 

Schematic of Closure Test Fig. 2.4 



Full  k a l e  Closure Test - Upper Hhad Tack Weld 

Full Scale Closure Test - Upper Heaa dith Initial Tack Welds 

Figs. 2.5 8, 2.6 



ALLIS CHALMERI Miq. GO. 
NUCLEAR POWER DEPT 
PATHFINDER ATOMIC POWER PLANT 
BUTTERFLY VALVE TEST 
JOB NO. 2-4300-00364 
S I ~ M A  Vs. VALVE A N ~ L E  

L 15,600 6.R M. RECIRCULATION FLOW 

CALCULATED StqMA FOR A EO-5 "1.0. 
VALVE AT REACT OR CoNDlt \ONS 

I - /EXPERIMENTALLY DETERMINED SIGMA - 
AT INCIPLENT CAVITAT\ON FOR THE 

- 8"I.R TEST VALVE - 
90° IS FULL OPEN 

0 I I I 1 1 I 

30 35 Q o  45 5 0  55 60 6 5  
VALVE ANGLE- DEGREES 

Butterfly Valve Test - Sigma vs Valve Angle Fig. 2.7 





Drive Motor 
Test Rig 

lkl~bIk~JI)~& - 
Latch 

Figs. 2.9 
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Figs. 3.1 & 3.2 



Dose  Points (Containment Shell, Sec. A A )  Fig. 3.3 
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Figs. 3.5 & 3.6 



Figs. 3.7 & 3.8 



NEUTRON FLUX AXIALLY BELOW CORE 

H-CM 43 -024-006,, 

Figs. 3.9 & 3.10 



Radial Gamma and Neutron Heating Simulator F ig.  3.11 
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System Block Diagram 

SUPESHEAw 

% YE (STEAM FRACTION BY WEIqHT A T  .CORE EXlT 
43-023-994 

Reactivity Effect of Void,s 

STEAM EXlT TEMPERATURE 

Figs. 3.92 & 3.13 
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CONTROL ROO RUN- I N 

Operation .of 100% Power. Continuous Rod I nser t ion For 
60 Seconds Results i n  Removal o f  3 Do l l a r s  Reac t i v i t y .  

DOLLARS - 1  

DOLLARS 

Excess Reacti v i  t v  

'V 

Reactor Power 

Steam Flow Rate 
5 62 

560 

558 

556 

5 5A aa- 
Steam L ine Pressure 

> I > - -  - 

Reactor Pressure 

Time - Seconds 43-023 -97 7 Z# x 

Control Rod Run-In Fig.  3.14 



CONTROL ROD R!N-Om 

DOLLARS 

DOLLARS 

% 

% 

PSlA 

Operation a t  50% Power, Continuous Rod Withdrawal fo r  
60 Seconds Results i n  Addi t ion o f  3 Dol l a r s  Reac t i v i t y  
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Reactor Pressure 

1 1 :  1 1 ;  ~ l l \ l \ l l l ! l l l l l l l l l  
0 20 40 60 80 100 1'20 140 160 180 200 220 

Time - Seconds ' 

43-023-978 r.47 
Control Rod Run-Out ' Fig. 3.15 



STARTING AND STOPPING RECIRCULATION PlMP 
I 

Operation a t  100% Power, One Rec i rcu la t ion  Pump Suddenly Losses 
I t s  Power, and I Minute Later Suddenly Comes Back. 

S 

Rec i rcu la t ion  Flow Rate 
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T ime  - Seconds 43- 6!23-979~~.~,  

Starting and Stopping Recirculation Pump Fig. 3.16 
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LEGEND-. 
C R * R ( I C U  VALVE 

IEL 

PREUMINAEY 

SHEET N* 2 OF 3 

-AIR OPERATED STOP V U V E  

L Q U l C M  W I N G  STOP VALVE 

-SWING W E C R  VALVC 

L u o T o R  oPEmTEo s l o p  VALVE 
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TOFEEWATER SYSTEM 

- FROM CONDENSATE RlMP 
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Reactor Water Purificotion System Fig.  4.1 
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Flash Tank for Pathfinder Station Fig. 4.2 



F\LTF_R TEST - 3SR\OCV- COTTON 

LGPM PER ELLM'iiNT 
WATER AT 80% \30° F 

O?ERAT\W T\M€ - HRS 
\4JCILY59 K$q 
43- 623-99b 

F\LER XS.3 - 39 R\OCV COTTON 

Figs. 4.3 & 4.4 



F\LTZR TE5T - 39 R \OW - COT TON 

f C\ PM P€R ELLMLNT 
WATER RT \3b°F STERQY 
CORRaS\bN PRODUCT : BOF.NM\lL ALz03* Hz0 

Pressure Drop ~ c r o s s . ~ i l t e r s '  vs Operating Time, Fig. 4.5 
Filter Test - 39R10CV - Cotton 



Reactor Building Electrical Cable Penetrations F ig .  5.1 
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THE I ID !D !T /ONS MflS 7- BE MET 
BLff ORE 7HE 0 CAN BE DONE. 

p--- 1 KEYED 
] BY-PASS + 43-024.-830 FNT I--- 

. propo;ed Reactor Start-up Interlocks Fig. 5.2 . , 
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Water Leve l  Tes t  Schematic for Steam Separator Loop , Fig. 5.3 
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