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ARMY GAS-COOLED REACTOR SYSTEM PROGRAM 

Monthly Progress Report fo r  Apr i l  1959 

This  monthly progress r epor t  covers the  a c t i v i t i e s  
of the  Army Gas-Cooled Reactor System Program f o r  Apr i l  
1959. The program includes a water-moderated hetero-  
geneous reac to r  (Gas-Cooled Reactor Experiment I ) ,  a 
graphite-moderated homogeneous reac to r  (Gas-Cooled Re- 
a c t o r  Experiment 11)  , a mobile gas-cooled r e a c t o r  (ML-1) , 
and the  coordinat ion  of the  Gag Turbine Tes t  F a c i l i t y .  
The pages t h a t  follow r e p o r t  the progress of each p r o j e c t ,  
the  associa ted  t e s t s  and da ta  eva lua t ion  the  app l i cab le  
design c r i t e r i a ,  and the  f a b r i c a t i o n  of r eac to r  components. 

INTRODUCTION AMD SUMMARY 

GCRE-I is the  f i r s t  experimental r eac to r  f o r  the  AGCRSP. The Ida110 
opera t ions  groups is  now almost up t o  f u l l  s t r e n g t h ,  and continues t o  pre- 
pare and review procedures fo r  the  f a c i l i t y  a's wel l  a s  conduct trziining 
sess ions  f o r  technic ians  and supervisors ,  

The design and development e f f o r t  i s  nea r ly  complete. Production 
of the  p l a t e s  f o r  the  GCRE-I f u e l  element was 95% complete by the  end 0:: 
A p r i l .  P a r t  of the advanced fue1,element program is developing a n  i n t e g r a l  
spacer  : a r c  welding ..i$.' the  most promising technique a t  t h i s  time. 

GCRE-I1 is an advanced back-up reac to r  system fo r  G C R E - I ,  During 
A p r i l ,  prel iminary core  design continued, Fuel  loaded graphi te  bodies have 
been obtained f o r  t e s t s .  A thermal cycle  t e s t  f o r  f u e l  elements has been 
designed. 

The ML-1 (Mobile, Low-Power Reactor) is d i rec ted  toward const ruct ing  
a f i e l d  prototype power generat ing u n i t  by January 1961. The program w i l l  
incorpora te  design f e a t u r e s  generated by a l l  previous programs. The 
prel iminary hazards summary repor t  was completed and submitted f o r  approval 
i n  Apr i l .  A s p e c i f i c a t i o n  w a s  issued during Apr i l  f o r  the  tu rb ine -c~m-  
pressor  s e t .  I n v i t a t i o n s  were s e n t  t o ' 2 5  vendors f o r  b ids  on the  nuclear  
instrumentat ion.  Fabr ica t ion  s t a r t e d  on t e s t  models of the  con t ro l  rod 
b lades  and t e s t s  w i l l  s t a r t  i n  June. Prel iminary design was completed on 
a r eac to r  shielding: design f o r  an 18 ton package, S tudies  were made on 
poss ib le  methods f o r  achieving a 15 ton package. 

P a r a l l e l  t o  the  gas-cooled reac to r  development is coordinat ion  of the 
Gas Turbine Tes t  F a c i l i t y  (GTTF) const ruct ion  and opera t ions .  Information..  
f rom t h i s  p ro jec t  w i l l  h e  comb'ined with t h a t  from GCRE-I t o  make a complete 
power package, The government-furnished turbine-compressor f o r  the  GT?.'F 
i s  now supposed t o  be del ivered  on 12 June,  although s l ippage  i n  the  
d e l i v e r y  of  the  cas ing may change the  date. 
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I 

I. THE GAS -COOLED REACTOR EXPERIMENT-I 
. . . .  . 

. . 
A, STATUS AND REVIEW 

' 1. A/E Services and Idaho Operations 

The A/E support of GCRE-I continued i n  the  a r e a s  of 
" 

f i e l d  inspect ion ,  inspect ing  and expedi t ing  the  work of the  sub-contrac tors ,  
and the  prepara t ion  of change orders .  By the  end of Apr i l ,  the  Idaho 
Operations Group was e s s e n t i a l l y  completely s t a f f e d .  The group continued 
t o  prepare and review procedures f o r  the f a c i l i t y  as well  as condu,ct 
t r a i n i n g  sess ions  f o r  technic ians  and supervisors .  

2. Reactor Desivn and Development 

The e f f o r t  i n  t h i s  a r e a  nears  completion. Core design 
is  complete except f o r  the  design of handling t o o l s  fo r  f u e l  elements and 
o r i f i c e s .  Core f a b r i c a t i o n  i s  nea r ly  complete i n  many a reas :  the  dummy 
f u e l  elements and source holders  a r e  50% complete; the  l ead  s h i e l d  cooling 
system and moderator cool ing  manifold are complete except f o r  inspect ion;  
the  f u e l  element s torage  rack covers a r e  complete except f o r  anodizing and 
inspect ion ,  and the  ma te r i a l s  have a l l  been ordered f o r  the  f i s s i o n  product 
monitor 'back-up and the  gas duct  s t i f f e n e r .  The con t ro l  b lades  a r e  ready 
f o r  f a b r i c a t i o n ,  a shutdown mechanism is  being t e s t e d  and two more a r e  90% 
complete. The shutdown mechanism is  being cycled t o  s tudy the  long tern1 
c h a r a c t e r i s t i c s  of the system. 

3. Reactor Instrumentat ion 

The thermocouple harnesses a r e  95% complete, the  detecctor 
head f o r  the  f i s s i o n  product monitor is being r e c a l i b r a t e d ,  and a por t ion  
of  the  temperature loop is being re-wired before  shipment t o  Idaho. All. 
t h e  equipment des t ined f o r  Idaho is being inventoried and packed. 

. .  . .  
4. ~ u e l .  Element Development and Fabr ica t ion  

The GCRE-I element p l a t e  production was 95% complete a t  
- M & C Nuclear a t  the  end of Apr i l ,  The p l a t e s  a r e  processed and the  

elements assembled on a production b a s i s .  Four production core  u n i t s  (PCU) 
and one production instrumented u n i t  (PIU) a r e  complete. The s l ippage  i n  
c l i p  production is delaying assembly. 

. . 
Two I-3P f u e l  elements and draw bar  assemblies were 

completed and shipped t o  the  ETR (Experimental Tes t  Reactor) s i t e  i n  Idaho 
during Apr i l .  

The I A  f u e l  element program has been d i r e c t e d  toward the  
development of a n  i n t e g r a l  spacer on the  f u e l  p l a t e  edges. Forging, 
s l i t t i n g ,  compression bending, puddle welding and a r c  welding are the  new 
methods inves t iga ted .  Arc welding is the  most promising technique a t  t h i s  
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, . . 
I . '  

t ime.  Th i s  method produces a s a t i s f a c t o r ' y  j'kint, b d t  it- does d i s t o r t  t he  
p l a t e .  A h e a t  t r e a t i n g  o p e r a t i o n  may overcome th is .  d i s t o r t i : 0 n n  . . . . .  

The i n e r t  components f o r  the LA-1T a r e  90% complete.  
The complet ion of t h i s  element,  awa i t s  t he  develbpment 'of ' a s a t i s i a c  t o r y  
technique  f o r  a t t a c h i n g  space r s  t o  t h e ,  p l a t e .  

. . 
. . . . .  . . . . . . .  A parametr ic  s tudy  was.undei-taken of t h e ' l ~  eleniedcwi.th ' , 

7 ,  19 ,and'"37 . . . . . . . .  pin c l u s t e r s  for ' t he  .pyoposed ML-1 ope ra t ing  conditioxis,; .The ; '  
s t u d y  " l ed  t o t  fou r  systems,  two des igns  wi th  smooth. p i n s ,  and two with..£ inned 
p i n s .  ~ l l  ' s a t i s f y  ' t h e  temperature c r i t e r i a  (1650 '~  ho t  s p o t )  and'haiie" "" . . 

. . . .  
a l lowab le  p re s su re  drop.  

Gas c o r r o s i o n  t e s t s ,  creep t e s t s ,  and tube b u r s t  t e s t s  a r e  
c o n t i n u i n g  i n  t he  m a t e r i a l  e v a l u a t i o n  s tudy  fo r  the I B  element.  

. - . . .  . . .  . . 
~ o m p l c t i o n  of t he  IB-1T awa i t s  UO p e l l & ~ s .  BMI 'is ng6 

2 .  prepariGg the& p e l i e t s .  . . . . .  
. ., . 

: . . . . . . . . .   he ' c a p s u l e  con ta in ing  UN-s t a in i e s s  s t e e l  specimens ,': - : , 
(des igna ted  'BMI ' 28-1) w a s  i n s e r t e d  i n  ' the M a t e r i a l s  T e s t  Reactor  i n  cyc l e  , 

120 .    he 'spe=imens a r e  ' b e i n g  i r r a d i a t e d  . w i t H  t he  maximum specimen ,ten$- . '  , 

e r a t i r e  of  a b o u t  ' 1 7 5 0 ~ ~ .  TWO capsu le s  containing U02 pel1,ets  (desig&ted , 

27-1' and 27-2). a r e  be ing  i r r a d i a t e d ,  and a r e  ' ope ra t ing  with a maximum speeimen 
tempera ture  'of 1 6 5 0 0 ~ .  Modif ica t ion  of  t h e  B a t t e l l e  Re's'earch Reac't0.r 1oo.p . , .  : 
h a s  been completed and i s  undergoing a pre-opera t iona l  check i n ' t h e  BRR 

' 

p o o l .  I n s t a l l a t i o n  of t h e  BMI-16 components have progressed.  Cold check- 
o u t  w i l l  s t a r t  du r ing  t h e  f i r s t  week i k ~ a y ; .  t h e  major cb.mponent y e t  t o  
b e ,  . i ~ l s t a l l e d  . ,is t h e  i n - r e a c t o r  tube. 

, _ _ . .  - .  

  he A / E  suppor t  o f  t h e  GCRE-I included f ie . ld  inspec t i o n  ,' 
i n s p e c t i n g  and exped i t i ng  i n  the  shops of Farnsworth and Chambers sub- 
c o n t r a c t o r s ,  and p r e p a r a t i o n  of  .change o r d e r s  t o  t he  Increment I and I1 
c o n t r a c t s  . 

. , . .  

C. IDAHO OPERATIONS . . .  
. . .  ' . " :  .. , 

1 ' ' Personnel  
I .  

W r i n g  the  month, t h e  GCRE-I ope ra t ing  organization was 
completed e x c e p t  f o r  t he  Nucigar Engineer.  ~ h &  personnel  s t a t u s  a t  month 

: . 
end '  is 'su&riarize.d on:'. t he  fol lowing page. 
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, . . : .  . .. .... . . . . . .  . . . . . .  , A t  Raiilon, '- , , 

. . .  . I . a  ' . .  
' A t  1ddahho , . ,; Tota l  : , . , 

. . . .  .,d, r - .  
. . . .  . . . . . . . . . : .  . . Opera't$;n~ . . - . .  . . . . . .  . . . . .  .-...L . , . , .  . . .  

1 0 : ,  :;, . . . . .  .'l',' . . . .  o. ...: ::* . .  - . .  
Operating Superintendent 1 

. 1- . . . . .  

S h i f t  Supervisors  .? . _ ,  . . . .  _ 3 . : . , .  . . . . . . . .  1 . . . . . . . . . . . . .  4 . .  . . , . .  . . . , . .  ~, 

Maintenance Supervisors  '2 0 .  " '  . 2 . . '  
S t a f f  ' .,.'. .. . . . . .  . . . .  . . .  : . '. 2 0 2 . ' .  " . . . . . . . .  .."'-:.6 . '  ; :.. -'- . :. 7 . :. Technicians 13 
C l e r i c a l  - 2 2 . I . .  - . . .  . . 4 - 
Tota l  . . .  . . 

17 18  2 7 
. . . ,. . . .  . . . . . . .  

2. A c t i v i t y  
. . . . . . .  . . . . . . . .  . . .  . . . . , ,  

. . . . 

. . . . .  . . .  a . : .  . . .  The. preparation;.  and review o.f :.. opera t ing  .procedures ' foxna; . . . :  
t he  GCRE-I f a c i l i t y . -  continued throughout the  month.. A s  of the: end...of.- the.. ::. 

month, the  s t a t u s  of procedures i s  as . fo l lows:  
. ,  . .  

,. . DRAFT , APPROVED SUBMITTED FOR APPROVED 
ANSOP S~CTION'  .... . 

. . . . . .  . . .  
COMPLETE ' LOOALLY IDO APPROVAL 

. - , ,  . 
I D 8  

. . ,  . . 
. . . .  . . . .  , 

. .' 17 "' , 8 : " .  . '  0 o f f  i c & " ~ r d c e d u r e  . . . . .  . 
1 Accountabil i ty 0 0.'' ; .  . ,  . , .  

2 Radiological  Sa fe ty  6 2 . . . . . . .  

3 Non-radiological Sa fe ty  2 1 . "  

4 Secur i ty  . . . . ,O . .  : 0 .. : 

5 Reactor diei-at ion ' ' ' '133 ; 7 3 
6, Systems .Operation 27 . ,.. .. 0 

. . .  
7 ~ e = h a n i c & l  ~ a i n t e n l i k e '  10'. ' , 0. . . . . 

12 ' 0  8 Instrument Maintenance 
9 Experimental Operation 

. I .  
, 2 0 0 . . . .  _ I  

. .  , Eleven,informal,training,sessions conducted during the  
month gave the  technic ians  . and , ,  ~ ~ ~ e r ~ i s o r s  an  oppor tuni ty  to discuss .  phases ., . . . . : . .  . . . .  I . .  . . 
of f a c i l i t y  opera t ions .  

3 .  

~ d m i h i b t r a t i $ e  prepa'ratio* f o r  ope ta t ions  a t  the  GCRE-I  
s i te  included . . the  following : 

. . . . 

a. A purchase order  was approved and i s s u e d ' ' t o " ~ h i ~ 1 i ~ S "  
Petroleum Co..: covering se rv ices  and e t e r i a l s  requi red  a t  the  s i t e .  

... . . 

b . An interchange' bf c6t=espondence completed the  
i n t e g r a t i o n .  . ., o,f the  GCRE-I f a c i l i t y  i n t o  the  ,NRTS s e c u r i t y  system. 

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

. , 
c . The establishment of an accoun tab i l i ty  s t ak ign '  a t  

the  GGRE-I s i te  was requested. .  . . . .  
. . . . .  . -  : . . 

. . . .  . . .  - . .  . . . .  - . ,  
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The 1148th s c a l e  model, of the  GCRE-I  f a c i l i t y  was, received 
from the.' ;&do=. . .A' s totage  aAd :.shipbin&- case (approximately 18 by 26' by 
56 inches)  was a l s o  supplied by the vendor. Figures 1 through 4 a r e  photcl-.. , 
graphs of the model. :,.. . . .  ,.. , .. . . 

. '  
D . REACTOR DESIGN AND DEVELOPMENT . . . . 

1. Core Design and Fabr ica t ion (Task 32-80) ,. , . , . . . . 

a . .  Design ' -  

. . # . 

1 )  Fuel  Element Handling Tools 
. . .  

  he types and. nuinbets.:df t o o l s  needed t o  
r e p l a c e .  f u e l  elements. and ..or i f  i c e s  have been. determined. Preliminary sketches 
of concepts a r e .  c ~ r ) ! ~ l e f e ,  and designs a r e .  abnut 10Xccnmpl ere. 

:,. . . . . . 
2)  Other- ~ e s & n s  

. . . . .  . . - .. 
: . . .  ~ e ~ i & . ' ' h a v e  been completed f o r  the  f i s s i o n  

product monitdr- back-kp'.sys.tem,. the  duct  -con&ec.tor, and the  . r eac to r  ex- 
t e r n a l  temperature monitor system. The only designs now needed tq.com- . . . . 

p l e t e  GCRE-I a r e  the  handling too l s .  . . 

. . .  

1) '  Dummy Fuel Elements and Source Holders 
. . .  

I 

These items aye 509, complete and no diff ict . t l ty 
i s  a n t i c i p a t e d  i n  completing the job. 

2) Lead Shie ld  Cooling System a n d ; ~ o d e r a t o r  
. . .  . . . . . . . .  . I .,.: . 

~ h & e  assemblies'  a r e  complete except fo r  
i n s p i d t  ion', 'aad ' a r e  a A i  tki ' ih& cra'tek 'rieed'ed for  shipment . . t o  Idaho. , ., 

.... . . . . .  3) . Fuel . Element . . .  Storage Rack, Covers . . .  . . , , - ,  

These u n i t s  a r e  complete except fo r  anodizing 
and ins,pec r ion ; . . .  . . .  . . . .  . . . . .  . . . .  . . "  i... " .  . . . . . . 

. . .  . . . . . .  . . . . . . . . .  . . Mhte=ials '  iiave betin ordered and some i t e m s  ' 

' 

a r e  being . . fabricated. .  . . ,  . . .  _ .  . ;  ? .  : . L - .  > . , . :  
, . . . 

2 .  Control Rod Ac t u a t a r s  and Illad&$' ( ~ a &  32-8.1) 

a. Fabr ica t ion  



Report No. IDO-28540 

. . 1 )  Safe ty  Mer.h~ni,unm . . 

A b id  con t rac t  t o  f a b r i c a t e  two s a f e t y  
p i s tons  was l e t  on 23 Apri l  1959. These p i s tons  w i l l  be-used as spares 
i n  Idaho. 

2) Shutdown Mechanisms 

A second shutdown assembly is  being tee ted .  
Two more shutdown mechanisms ,are 90% assembled, and the  two remaining . 
assemblies a r e  50% complete. 

3) Control Blades 

The s i d e  s t i f f e n e r  modificat ions t o  the  
gine,  shim and setback blades a r e  complete and the  blades are ready t o  be 
p la ted .  The s a f e t y  and shutdown blades have been completed and a l s o  are 
keady t o  be p la ted .  I 

. 5  

b. Tes t ing 

one shutdown mechanism is being continuouely cycied 
t o  study endurance and reproduc ib i l i ty  of scram t i m e .  Scram time i e  about 
0.3 seconds ins tead of 0.5 seconds as repor ted  e a r l i e r . '  There,wae eome 
d i f f i c u l t y  i n  cocking the  scram spr ing,  but  the  problem appeare t o  have been 
solved. 

Minor tests have been run t o  insure  t h a t  the  con t ro l  
rod leak de tec to r s  work properly. A rus t - inh ib i to r -  type e l e c t r o l y t e  (eodiup 
dichromate) w i l l  be u s e d ' i n  the  con t ro l  rod housings t o  increase  the  con-' 
d u c t i v i t y  of leakage water and. assure  proper opera t ion of the detec tor .  
This  s t e p  was necessary because of the  low conduct iv i ty  of the  water i n  the'. 
GCRE-I pool (l/Ccmho). 

Simple experiments are being conducted t o  determine 
the  ex ten t  of corrosion of uncoated lead i n  peroxygenated water (0.03%) 
s o l u t i o n  which simulates the  r a d i o l y t i c  decomposition of the  moderator 
during operat ion.  A coat ing is being developed which can be appl ied  i n  
the  f i e l d  t o  r e p a i r  any damage t o  the  coat ing on the  lead r e f l e c t o r .  

Unusual drag appeared during the  t e a t  of a ehut- 
down blade i n  a Sanfordize-coated guide. The manufacturer explained t h a t  
a 0.002 i n .  coat ing gives a s o f t e r  coat ing than the  optimum coat ing of 
0.0013 in .  An extra guide assembly has  been s t r ipped  of the  coat ing and 
w i l l  be ' tes ted  with the optimum thicknees. A back-up guide deeign h r r  bean 
geveloped incorporat ing r o l l e r s .  , This design, w i l l  b e  t e s t e d  . . . . . .  earl'y.in..May, :. : : . :.: 

.. :., ... .-. . . . . . . .  . . . . . .  . "i :, ..: . . . . . . .  ,. . .: ' > .  . . . . . _ .  i ........... 
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E . . REACTOR INSTRUMENTATION. , . ' , , , (.? :;; ;;! . . 

. .  1.. . . .  Temperature Measurement :.(Task 32-70) 
. . .  . . . . .  j. ; . .  . ! :  ': . . . .  " .  

. . . .  . . . . . .  . . . . . .  ..; . . . . . . . .  . . ;:_. . . ' f  . 

The thermocouple harnesses are 95% complete, and . . . . . . .  ' 

l a c k  only  the  attachement of the  52-pin plugs. These plugs a r e  being 
assembled t o  . the  Marman flanges,  a f t e r ;  which- they wf 11 be leak checked. 
The completed harnesses  and the  instrumented f u e l  element w i l l  be t e s t e d  

.......... as a '.ayst.em,,: l. .. . .  :. . . . .  , . . . . . .  
. . . . . .  .. ' _ .  . . . . I . . .  .:.- \ 4 . - ! ! .  . : . . .  : . . . . . . . . .  , . . . .  .;........ , 

. . . . 2.  F i s s ion  Product Monitoring (Task":32-71) :' : 
, ',_ ..-.i . . . . . . .  . . .  

The de tec to r  head ,for t h e  f t$eiaa product monitor is 
b e i n g  r e c a l i b r a t e d  by extending the  range of the  energy defect ion 
o f  f io ionoy curva.:with Cobs1 t - G O  (1.1131 e v .  and,'-.I .33 mev) and Cesium-137 , . . . .  . . . . .  '. . . 
(0.662 xnev).; . .  , . . . . .  . . .  . . . , . . ,,. . 

3 .  ,,.:: . ,  . . . .  . .  _ :  . . . .  . . . . . . .  . . .  .: .. _ . . . . .  . . . .  . , , .I  

. . 

I : ' . . . .  3. Control  Console and Panel (Task 32-76), . ,  , , . :.... 

The period t e s t  c i r c u i t  and:the 'heater  ,bypass ampl i f ier  
used i n  the  temperature loop a r e  being re-wired before shipment t o  Idaho. 
A l l :  'the. equipment : destined' f o r  shipment t o  Idaho is being inventoried and 
packed.: This. Sncludes the.: :heal th  physics 'equipment ; thermocouple scanner, 

. . .  . . .  spare  parts:, and . .special  test, equipment. ,, :. . :' . I '  
. . 

) .  

. . \ . - , .  . . . . . .  . . ,' . >  , . .... I . . ' .  . . . , 
. . . . . . .  t .  . .  . *  . . . . . . . . . . .  . . . . .  

F. FUEL ELEMENT DEVELOPMENT AND FABRICATION . . 

. . .  . . . .  ? a ,  ;,: .' . ' l.,:., :Fuel,,Element I : -  . '  :: 
. , ..,>. . . . . . .  - :  . . . . . .  . . . .  . . .  . , . . . . , . . . . . .  . . .  0 ' .  , . , .  , . .I... I . . 

. . . . .  . . .  - 1. .a,; r :. Fue-l .P la te  .Manufar t u r e  a t  M&C Nuclear '(task 34-34) , 
2 .  . . . . . . . .  . . 5 . .  

i . ,  . .  . . 
. .  , . . , . *; . -  . . . . . . .  Produc tion of .  ~ C R E  f u e l  p la te8  MS a b o u t  95% Com- " ~ 

p l e t e  by the  end of Apr i l .  A l l  except  one o r  two l o t s  o f : ' s i ze  ll.C1l'.'plates 
' 

were scheduled t o  be shipped on o r  before the  end of Apr i l .  The t o t a l  
number: o.L enriched. p la tes .  shipped. when the: job .is complete w i l l  be 295 s i z e  
"A" , 306, s i z e  .!'B1' ,. ,310 s i z e  "C'l .and 338 s h e  .!'Dlt . .There' may be some - . 

a d d i t i o n a l  size 'IC''. p lates. .  . These quan t i t i e s .  include. % c e r t a i n  p l a t e s  're- . .  

jected.. by Azuea. f o r  surface  defec ti and .a .number :of :p la tes  w i t h  i n e r t  . 
margins a1, ightly below: the  0.025 in;.  minimum; . ' . ' . ' , I  . - .  

. , , ' L  . . . . . - : Fur'ther .s.tudiee of thv  surface  defeote show t h a t  
minor.: change&-!..or.. improvements would not  pr even't - all. such..:defec te' , 'Etched 
p i t s  o c c a r e d - . p r i m a r i l y  on , . s i ze  ".B" .and, "C1' p l a t e s .  and almost' ;none. .were , . 

observed :$n the "A" and ''D''. p l a t es .  It .was' found t h a t  p i t s  ,deeper than ,.. 
about:. 0:d.0005 :in. , ,and:!some types' of ,hid;den c a v i t i e s .  below the  surface ,  ' , 

..' ., 

were c l e a r l y .  .indPcated. by a' dye penetrant  'tes,t'. ' Such .surfhce inspec tJ;on ' ' ' 

could be performed by Aerojet  a f t e r  the  p l a t e s  are formed, 

M & C t e s t e d  about 1200 p l a t e s  and found only one 
d e f i n i t e  case  where t h e  boSlingHN03 test showed t h a t  some U02 was leached 
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from the  ma t r ix  of t he  p l a t e .  A number of  p l a t e s  showed s u r f a c e  contaminat ion,  
b u t  t h i s  dropped o f f  t o  background l e v e l s  when t h e  p l a t e s  were t e s t e d  in -  
d i v i d u a l l y .  The s i n g l e  l e a k  was a t t r i b u t e d  t o  s u r f a c e  p i t s  v i s i b l e  t o  the  ' 

naked eye. 
. . . . .  

The ba tches  of p l a t e s  w i th  t h e ,  bes't : v i s i b l e  s u r f a c e  
c o n d i t i o n s  were a l s o  the  b e s t  accord ing  t o  t he  b o i l i n g  HNO and t h e  bend 

. . . . 

t e s t s .  (, 

3 
. . . . 

. . 
.. . 

A few f a i l u r e s  occurred ' i n  the'  bend tests . 'when the  
c e n t e r  of t he  'bend w a s  near  the  s i d e  q a r g i n  o f  t he  p l a t e .  I n  these '  c a s e s  : 
the:  bond f a i l e d  between t h e  ma t r ix  and t h e  i n e r t  marg,ins. The f a i l u r e s  were 
a t t r i b u t e d  t o  those i s o l a t e d  c a s e s  where f i n e  UO . p a f t i c l e s  ( 1  t o  10  ,microns) 
were formed a t  t he  s i d e  bond, presuma6iy due t o  P r a c t u r e s  o r  ab ra s ion  of 
l a r g e r  UO p a r t i c l e s .  'The f i n e  UO p a r t i c l e s  were n o t  p re sen t  i n  o t h e r  p l a t e s  
i n  ih&,,l6gi which f a i l e d  t o  pass  tge bend t e s t .  

. >, . 

b. Fbe l  Element Maiufacture ' a t  Azusa  a ask 34-41) 
8 .  . , 

Four PCU and one PIU were completed. 'The  p l a t e s  
a r e ' b e i n g  processed on a product ion b a s i s .  .The s u r f a c e  q u a l i t y  of  t he  p l a t e s  
h a s  d e t e r i o r a t e d  i n  l a t e r  shipments.  Photographs of  t y p i c a l  d e f e c t s  i n  
s u r f a c e  c l add ing  a r e  shown i n  F igu res  5  through 8 .  Some of t hese  d e f e c t s  
r e s u l t  i n  c ladding  f a i l u r e '  dur ing  forming and show up i n  f  luorme t r i c  ana l .ys i s  . 
The combined v i s u a l  i n spec t ion  and a c i d  e t c h  r e j e c t i o n  r a t e  is  about  10%. 
The d e f e c t s  appear  t o  be f i n e  p i t s ,  s u r f a c e  p o r o s i t y ,  c l add ing  l a p s ,  and 
f o r e i g n  ma t t e r  r o l l e d  i n t o  the  su r f ace .  (See F igu re  7). I n  many c a s e s  the  
p a r t i c l e s  a r e  more d i s t i n c t  a f t e r  t he  a c i d  e t c h .  '(The cond i t i on  i s  a l s o  
apparent  i n  photograph 4 , . F i g u r e  6 ) .  The o r i g i n a l  a c i d  e t c h  c r i t e r i a  was 
a  maximum' o f '  24 /1.g uranium i n  a 4.000 l i t e r  ba tch  of e t c h  s o l u t i o n .  The, , 
nex t  acceptance c r i t e r i a  w a s  5 ,qg lp l a t e .  

The assembly schedule is be ing  delayed by s l i ppage  
i n  t he  *product ion of o t h e r  components. Only 16 zirconium cans  were a v a i l -  
a b l e  f o r  f a b r i c a t i o n  by t h e  end of A p r i l .  Ten o r i f i c e s  have been r ece ived ,  
and the  vendor has  been au tho r i zed  t o  f a b r i c a t e  t he  100 u n i t s  remaining. 
Seventy-nine end c a s t i n g  plugs a r e  a v i a l a b l e  f o r  f a b r i c a t i o n .  C l i p s  a r e  
pacing the  product ion program a t  t h i s  t ime. C l i p  product ion is  behind 
schedule ,  and the  q u a l i t y  does n o t  always meet t he  s p e c i f i c a t i o n s .  I n  some 
c a s e s  t he  3O ang le  on the  a r m  h a s  been miss ing ,  and i n  o t h e r s  i t  has  been 
on the  top  s i d e  of t h e  notch in s t ead  of t h e  lower s i d e .  The arms f r equed t ly  
have been mis-al igned as much as 0.004 i n .  (Typical  "B" and "C" c l i p  c ross -  
s e c t i o n s  i l l u s t r a t i n g  these  d e f e c t s  a r e  shown i n  F igure  %). Rework is 
r equ i r ed  on such c l i p s  i f  t he  p l a t e  f i t - u p  is  t o  meet t he  r equ i r ed  flow 
channel  dimens ions .  

In spec t ion  procedures  have been e s t a b l i s h e d  t o  
i n s u r e  t h a t  adequate  i n spec t ion  r eco rds  a r e  maintained on i tems.  
The system was begun wi th  the  I-3P v n i t s .  The p re s su re  v e s s e l  has  been 
completed f o r  the  l e a k  t e s t  of t he  PIU p res su re  seal bushings and f l ange  
arrangement.  
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. . . . i . 
c .  I-3P. l n p i l e  ~ e s t  (Task 23-95) . . .  , . ,  , 

, . . . . . . . . . . . .  . . . .  ' 

The d a t a  recorded dur ing  the  c r i t ' i c a l  experiment 
f o r  t h e  BMI-16 loop  w a s  analyzed dur ing  A p r i l .  F a b r i c a t i o n  began on a 
s i l v e r  neut ron  s h i e l d  0.092, i n .  t h i c k .  The purpose of  t he  s h i e l d  is  t o  
maid td in  t h e  d e s i r e d  power l e v e l  . i n . t h e  t e s t  eleinent by reducing  the  neutron 
f l u x  see* by t h e  t e s t  elemerit . 'The . c ; i t i c a l  experiment' a190 deterxilined 
t h e  a x i a l  neut ron  f l u x  d i s t r i b u t i o n  expected i n  t he  I-3P f u e l  element.  
The experimental ly-determined f l u x  d i s t r i b u t i o n  w a s  compared t o  the  chopped 
c o s i n e  curve  o r i g i n a l l y .  assumed f d r  ' t he  IBM-650 h e a t  t r a n s f e r  c a l c u l a t i o n s ,  
a n d , ' i t  was fobnd. t h a t  t h e  f6rmer is  f l a t t e r  than the  assumed' chopped cos ine  
cu rve  and has  r i s i n g  'tails' a t  each end of t he  f u e l  e l&en t  . This  t a i l  s h j k  ts  
t h e  element h o t  ' spo t  : s l i gh t ly  ,tdwards thk gas k x i t  &nd of t he  f u e l  element:. . . . . . . .  . 

. . . . .  . . Twn I -3P f11e.I; elements  and drawbar' asse&blfes  w 6 r a  " '  

: = h i p p a  from Azusa t o  t h e  ETR s i t e '  i n  fdaho on 17 A p r i l  ' 1959. The assembl ies  
were v i s u a l l y  checked, and t h e  thermocouples were reis tance-checked f o r  . 
damage a t  the  ETR' site:   he i n s p e c t i o n  showed damage t o  thermcouple 4 on 
u n i t  1, t h i s  be ing  t h e  o n l y  , damage found. . . 

. . 
. . .  

hi ' Dummy Element (Task 23-62). . . . . . . . .  . . .  . .  ... 
5 ' .  , . 

. .Fabricat i&n.  of t he  ddmmy plug$ is 50% complete.  

, '  . : 2 . '  FIJ~-1 Element I A '  . . . . . .  . . .  
. . . . 

. . 
a.  ~ n g i n e e r i n ~  . . . (Task , 2 3 4 0 )  

, :  
. E f f o t t  dh t h e  IA program dur ing  A p r i l  was d i r e c t e d  1 

toward' thd de'\ielbpment of  ari' i t i t eg ra l  spacer .  Th i s  i s  descr ibed  under 
t h e  fo l lowing  s e c t i o n ,  Task 23-94. 

, . .  . . .  
b; .' Fabricati.611 Develyp~ueu~ (Tisk 23-94) 

, .. . . . . 

. . .  
. ' . (This  t a s k  cdnt inues  . . t h e  work p rev ious ly  r epo r t ed  

under Task 23L45) , . 
'. ' I 

, ~ d d 9 , t i o t m l  gctheda ' f d r  miking a f u e l  plaLe w l ~ l l  
a n  a t t a c h e d  space4 h'ave b'een explored ' i n  a n  e f  f o l t  t o  f i n d  a' process  .wi th  . . 
more r e l i a b i l i t y  and ' l e s s  c o s t  than  those  p roces ses  developed t o  d a t e .  

Forging meth6ds were inves  t i g i t e d  'and demonstrated 
t h a t  p ' la te  ' edges can be forged t o  ' t h e  widths needed f o r  GCWE space r s  ; 

. 

Scrap  p l a t e  edges were s e t  i n  a s imple d i e  piaced i n  a ' v i s e .  A block ,was .' 

l a i d  on t h e  edge of t h e  plate prot ruding  from the  d i e ,  and the  block s t r u c k  
w i t h  a hammer. ' T h e  p l a t e  w a s  hea ted  t o  about  1500°F between blows. Some 
v a r i a t i o n s  . . . .  '.were .made i n  p l a t e  protr<s' ion, '  %height  and s t r e s s  r e l i e v i n g  . . eemfieraeure. P l a t e  e.dges were fo=ged ' to  t he  +dths needed, b u t  fo rg ing  ' : ' .  

made from g r e a t e r  widths had s p l i t  edges and undes i rab le  l a p s  i n ,  t he  
. 5  . 

meta l .  The me.tal i n ' t h e  p o s i t i o n  occupied by uo i n  a loca t ed  p l a t e  
2 . . 
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1 

d id  n o t  show any f low o r  adverse  cond i t i ons  which 'might be encountered dur ing  
fo rg ing  of loaded. p l a t e s .  A microphotograph of a forged specimen is shown 
i n  F igu re  10  a n d ' a  photograph of a specimen a f t e r  machining is shown i n  

' b 

Figure  11. N o ' f u r t h e r  work is now planned on t h i s '  process"because o t h e r  
processes  appear more promising. I n  a d d i t i o n ,  t he  product ion  problems o f )  
f o r g i n g  would probably l e a d  t o  h igher  c o s t s .  

. . 
. . 

The edge of a s h o r t  p i ece  of f u e l  p l a t e  s c rap  has 
been s u c c e s s f u l l y  s l i t  wi th  a s l i t t i n g  saw. The cons iderable  wear shown 
by t h e  t o o l ,  coupled wi th  t h e  problem of  hold ing  to l e rance  on a f u l l  l eng th  
p l a t e ,  has  r e s t r i c t e d  exp lo ra t ion  of t h i s  approach. 

Two f e a t u r e s  have been added t o  t he  process  of  co ld  
bending a l t e r n a t e  f l a p s  on a f u e l  p l a t e .  I n  t h e  process  now c a l l e d  com- 
p r e s s i o n  bending, t he  f l a p  is  hea ted  t o  about  1 5 0 0 ~ ~  halfway through the  
bend,  and the  f i n a l  one- th i rd  of t he  bend made whi le  f o r c i n g  t h e  f l a p  back 
toward i t s  r o o t ,  S ix t een  f l a p s  have been made t h i s  way wi thout  a v i s i b l e  
s i g n  of  c r ack  f a i l u r e .  The p l a t e  w i l l  be f u r t h e r  inspec ted  f o r  c r acks  
and microphotographs made t o  determine the  f i n a l  p o s i t i o n  of t he  U 0 2  
s t a i n l e s s  s t e e l  a r e a  and the  bend. Th i s  work has  been done wi th  r e a d i l y  
ob ta inab le  b u t  r a t h e r  coa r se  d i e s .  A more s u i t a b l e  d i e  is be ing  developed 
f o r  r e l i a b l e  and c o n s i s t e n t  f a b r i c a t i o n  of f l a p s .  The exac t  h e a t  t r e a t -  
ment requirements  w i l l  a l s o  be s tud ied .  

Puddle welding is  a h e l i a r c  process  wherein a 
f u e l  p l a t e  i s  clamped i n  a f i x t u r e  wi th  the  edge of  t he  p l a t e  p r o j e c t i n g  
i n t o  a channel:  weld metal  is then  flowed i n t o  the  channel t o  merge wi th  
t h e  p l a t e  edge. Th i s  h a s  worked wi th  s h o r t  s e c t i o n s  of unloaded sc rap  f u e l  -' 

p l a t e  i n  a channel  made of g raph i t e .  The meta l  can  be placed around the  
p l a t e  edge so  t h e r e  i s  no weld p e n e t r a t i o n  of what would be  t h e  UO r eg ion  
i n  a loaded p l a t e .  The weld metal  was rough i n  t h e s e  e a r l y  at tempgs,  
b u t  machining t o  f i n a l  s i z e  undoubtedly w i l l  always be  needed. A micro- 
photograph of a puddle-welded and machined specimen is  shown i n  F igu re  1 2 .  - 

This  method products  cons ide rab le  d i s t o r t i o n  o f  t h e  f u e l  p l a t e .  Puddle 
welding shows f a i r  promise, bu t  no f u r t h e r  a c t i o n  is  planned a t  t h i s  time 
because two o t h e r  promising approaches a r e  e n t e r i n g  t h e  d i e  and f i x t u r e  
development s t a g e .  

'Arc-welding t h i n  s t r i p s  t o  t h e  edge of a f u e l  
p l a t e  now is the  most promising technique,  F igu re  1 3  shows one of t he  
f i r s t  f u l l  l eng th  p i eces  of f l a t  s t e e l  w i th  one welded spacer .  The d i s -  
t o r t i o n  is  0.100 i n .  camber, b u t  i t  might be  l e s s  f o r  a curved p l a t e  w i th  
two welded edges. Such d i s t o r t i o n  probably can be adequate ly  c o r r e c t e d  
wi th  the  h e a t  t r e a t  ope ra t ion  now used on f u e l  p l a t e s ,  A microphotograph - 
of t he  weld a r e a  is shown i n  F igure  14. The f i l l e t  between the  spacer  
and t h e  p l a t e  is  d e s i r a b l e .  The p e n e t r a t i o n  reaches  i n t o  what would be 
t h e  f u e l  zone. Th i s  may n o t  be a l lowable  i f  i t  weakens the  s t r u c t u r e ,  o r  
l e t s  UO p a r t i c l e s  g e t  t o  t he  s u r f a c e .  However, f u r t h e r  development of 2 welding techniques m y  e l i n i n a t e  t h i s  problem. Welding development w i l l  
con t inue ,  and c l o s e  to l e rance  f i x t u r e s  w i l l  be a v a i l a b l e  f o r  f u l l  l eng tn  
p l a t e s  i n  May 

11 
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c .  IA-1T I n p i l e  Tes t  (Task 23-96). 

The ' i ne r t  components fo r  the  IA-1T elements a r e  
90% complete. Completion of  the IA-1T element awai ts  development of 
techniques fo r  a t t a c h i n g  spacers  (cf   ask' 23-94). 

3. Fuel  Element I B  

'. . . 
a .  ~ n ~ i n e e r i n ~  (Task 23-91) 

A b r i e f  survey of new techniques of loading u r a n i u t ~  
i n  pin-type elements w a s  completed. It is  bel ieved t h a t  uranium carbide  
and n i t r i d e  technologies a r e  not  f i rmly  es t ab l i shed  elthough these  ma te r i a l s  
a r e  p o t e n t i a l l y  b e t t e r  f u e l s .  Uranium dioxide apparent ly  is  s t i l l  the  best; 
f u e l  f o r  use  i n  t h i s  program a t  t h i s  time. Many loading techniques have. 
beea  conceived and some have heen worked on a t  o the r  o i too .  Thrcc techniques 
of  no te  a r e :  t h e  ex t rus ion  of UO cy l inders ,  i s o s t a t i c  press ing ,  and swaging 
of  powder-f i l l e d  tubes. The ulf$mate reduction i n  cost  is  the incent ive  
f o r  these  processes.  These processes now give lower dens i ty  ceramic bodies 
than p e l l e t i z i n g  and would be expected, the re fo re ,  t o  give shor te r  b u r s t  
l i f e t i m e s  as governed by the  r e l e a s e  of f i s s i o n  product gases.  The IB p i n ,  
however, has  the  design leeway, wi th in  the  accuracy of present  theory,  t o  
achieve  40,000 h r  l i f e t i m e  with the  use  of low-cost loading techniques. 
A c t i v i t y  w i l l  be resumed l a t e r  on the  problem of new loading techniques. 

The present  reference  I B  design is being r e f i n e d  fo r  
i n s e r t i o n  and long-term i r r a d i a t i o n  i n  the  GCRE. The f i r s t  element t o  t e s t  
t h i s  des ign (denoted IB-R) is due t o  go i n t o  the  GCRE i n  the  middle of f i s c a l  
year  1960. The bas ic  f u e l  element design incorpora tes  f e a t u r e s  of the  IB- 
l d T , i n c l u d i n g  t h e  use  of 19 smooth p ins ,  Instrumentat ion w i l l  be of the  
IB-16 T type us ing d i s c  thermocouples. The p r i n c i p a l  design f e a t u r e s  , 
t h e r e f o r e , w i l l  have been t e s t e d  i n  the  BRR loop before  the  IB-R elements 
a r e  assembled. The present  a n a l y t i c a l  e f f o r t  is devoted t o  improvement of 
temperature opt imizat ion  among the  19 p ins .  This  involves IBM machine ' 

computations of power d i s t r i b u t i o n s  a s  well  a s  flow and temperature d i s -  
t r i b u t i o n s .  

A parametric study of 7 ,  19, and 37 pfn c l u s t e r s  
was undertaken f o r  the  opera t ing  condi t ions  c u r r e n t l y  proposed f o r  the  ML-1. 
These numbers of p ins  were chosen because they make well-spaced geometrical 
a r r a y s ,  and cover a s i g n i f i c a n t  range i n  t o t a l  number. I n t e r r e l a t i o n s  were 
e s t a b l i s h e d  between maximum pin  surface  temperature, r eac to r  pressure drop, 
s i z e  o f  p ins ,  and amount s f  h e a t  t rans1er surface .  The heat t r a n s f e r  sur-  
f a c e  was var ied  by us ing f i n s  and changing p in  diameter (though simple 
c o r r e l a t i o n s  were used t o  p r e d i c t  f i n  temperature).  The r e l a t i o n s h i p s  l e d  
to the  following systems: smooth su r face ,  0,150 i n .  OD tubes i n  c l u s t e r s  
of  37; smooth su r face ,  0.23 in .  OD tubes i n  c l u s t e r  of 19; 0,19 i n .  OD tubes 
wi th  f i n s  i n  c l u s t e r s  of 19; and 0.38 in,OD tubes with f i n s  i n  c l u s t e r s  of 
7 .  These systems s a t i s f y  the  temFerzture c r i t e r i a  (16500F h o t  spot )  and 
a l l  have acceptable  pressure  drops, although the c l u s t e r s  with more p ins  
should have lower pressure  drops peak temperature being equal .  On the  



Report No. IDO-28540 

hand, increas ing the  number of p ins  increases  , the  p o s s i b i l i t y  of mechanical 
i n s t a b i l i t y  during opera t ion ,  and increases  f a b r i c a t i o n  c o s t .  Fur ther  
work is needed t o  e s t a b l i s h  comparative b u r s t  l i f e t i m e s  of the  systems, 
but. present  .knowledge i n d i c a t e s  t h a t  any .one of these  systems is capab:lei ..:! 

. . . . . . . .  . . .  of achieving the.  required l t f e t i m e  .. . . .  ) .  . . . . . . . .  . .  ~ 

. . .  . . . . . . . . . , 
b . Fabr ica t ion  Development (Task 23-93) \ , . . . .  . .  

Some of t h i s  t a sk '  e f f o r t  has cont r ibuted  t o  the  
IB-1T element reported under Task 23-97. The f u e l  p ins  f o r  t h i s  element 
now a r e  . to be brazed and welded a t  Aero je t . .  These procedures a r e  being 
prepared and checked. . . . .  

. . . . 
Plans have been made t o  braze the '  bearing spacers: 

, ; , b p i n s ,  load p e l l e t s  ' i n  p i n s ,  and weld the  pins closed.  Equipment is 
being procured and t o o l s  and f i x t u r e s  f o r  . th is .work a r e  being fabr i ca ted .  
The hood, t o  be ,used i n  handling p e l l e t s  and loading them i n  p ins ,  is ,b.eing.  
i n s t a l l e d .  A glove.box is  on order  f o r  use when welding the  pins: Since 

. . .  t he  IB pins  use. nickel-base. a l l o y s  ins tead  of zirconium, the  .welds a r e  
no t  s e n s i t i v e  t o  oxygen and a hel ium.glove box .can be used in '  place of a. : 
vacuum chamber. . . . . .  . .  . . .  , . . . . 

. . .  

: . - c ,  Mater ia l  Evaluation (Task 23-'65) 
. . . . 

1 )  Gas Corrosion Tes t ing  . . . . .  . . 

The f i r s t  2500 h r  phase of a  10,000 hr  gas 
corros ion t e s t  is  due t o  be completed about mid-May. The primary i n t e r e s t  
i s - i n  Haste l loy  X ,  Has te l loy  R-235 and Inconel 702; b u t  Carpenter 20 Cb 
and Haste l loy  8286 (Inor 8)  have been included f o r  screening purposes, 
and AISI type 318 a s  a  comparison a l l o y .  The t e s t  opera tes  a t  1750'~ i n  
a  200 p s i  pressure n i t rogen p lus  0.5% oxygen atmosphere, except f o r  AISI 
type 318 which w i l l  be t e s t e d  a t  1 6 5 0 ~ ~ .  

. , 
. . 

A 1000 h r  screening t e s t ,  i n  which these  
a l l o y s  w i l l  be exposed t o  an  a i r  atmosphere, w i l l .  a l s o  be completed i n  
mid-May. The a l l o y s  w i l l  be exposed t o  300 p s i  a t  1750UF, except f o r  
AISI type .318 which w i l l  be exposed t o  1 6 5 0 ~ ~ .  Data on the  behavior of 
AISI type 318 i n  air w i l l  be compared t o  the  da ta  obtained i n  the  n i . t rogen.  
p lus  0.5%. oxygen. t e s  t o  A i r -  corros ion d a t a ,  on these a l l o y s  a r e  needed . to 
determine the compa t ib i l i ty  of a i r  with the  system i n  case  a i r  must be used 
as a working f l u i d .  : 

0 '  ' '  
. . A test i s  being perf.ormed a t  200 psi. and 

900 F i n  the reference  n i t rogen p lus  0.5% oxygen atmosphere on GTTF r e -  
cupera tor  ma te r i a l s .  - D e t a i l s  of t h i s  t e s t  a r e  described i n  a  l a t e r  
s e c t i o n  of t h i s  r e p o r t .  - I . . . . 
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. . . .  : ..... ~ , .  . . . - 2) - Creep' Tes t ing- . .  . . 
. . . . . . .  . . I:.. . . I -  . . . . . . .  . . . . . . . . .  . . . . :  

. . . . .  . . 'A. 1000 hr :  creep. t e s t  to ,  evaluate  .Hast&lloy 'X , . '  
Hastelloy:.R-235 and Inconel  702 a t  1750°F should. be. completed about mid44ayi 
The specimens i n  t h i s  t e s t  a r e  s t r e s s e d  a t  200-ps i  i n  a i r .  Additional 13ng- 
t e r m  creep t e s t s  a r e  planned t o  evaluate  these  a l l o y s  a t , o t h e r  s t r e s s  
l e v e l s .  ... 

3) Tube Burst  Tes t s  . 

These t e s t s  a r e  made t o  evaluate  the  modes 
of  tube f a i l u r e  and the  tube s t r eng th  when subjec ted  t o  i n t e r n a l  s t r e s s  
such a s  t h a t  exer ted  by the  r e l e a s e  of f i s s i o n  gas. It i s  hoped t o  extend 
t h i s  approach i n t o  long-term stress corros ion and creep.  

Seven t r ia l s  were performed us ing 0.225 i n .  
OD Inconel  and Inconel  702 tubing. The f i r s t  f i v e  t e s t s  were stopped when 
t h e  welds f a i l e d  before  the  tubes were brought t o  temperature. Two success- 
f u l  tests were performed. I n  these ,  one tube contained an  i n i t i a l  pressure 
of  1125 p s i ,  and the  o the r  980 p s i .  The pressures  a t  1750 '~  (1270 and 
1130 p s i  r e spec t ive ly )  correspond t o  s t r e s s e s  of 3514 and 2656 p s i ,  
r e s p e c t i v e l y .  The tubes f a i l e d  b y ' b r i t t l e  f r a c t u r e  a f t e r  th ree  hours 
a t  temperature. F igure  15 shows the  condi t ions  observed a f t e r  tube 
f a i l u r e .  The tube with i n i t i a l  pressure of 1125 p s i  increased O.C$O i n .  
i n  diameter ,  and the  o the r  increased 0.005 i n .  i n  diameter.  

The t e s t s  were run as fol lows:  the tubes 
were evacuated, charged wi th  var ious  i n t e r n a l  pressures of n i t rogen gas 

'0 and placed i n  a tube furnace,  The furnace was gradual ly  brought t o  1750 F 
while the  pressure  changes were p l o t t e d  a t  1 0 0 ' ~  i n t e r v a l s .  Several  tubes 
o f  r e fe rence  a l l o y s  (each tube conta in ing d i f f e r e n t  gas pressures)  w i l l  
be exposed t o  r e fe rence  G'CRE atmospheres and temperatures f o r  1000 hr.< It 
is  planned t o  modify the  e x i s t i n g  equipment t o  a l low use of g rea te r  
pressures .  

I d *  IB-1T I n p i l e  Tes t  (Task 23-97) 

The p e l l e t  and t u e l  p in  purchase order  t o  a 
commercial vendor was cancel led  due t o  procurement problems. The U O ~  
p e l l e t s  w i l l  be made by BMI,  and the p e l l e t s  loaded i n  p ins  a t  Aerojet .  

The I B - l d ~  element is instrumented a s  f a r  as 
p o s s i b l e  (60%) before  r e c e i p t  of the  f u e l .  Af ter  the  r e c e i p t  of the fuel. 
p e l l e t s  ( e a r l y  ' in  May) the  p ins  w i l l  be loaded and the  assembly completed. 

The s t a t u s  of  the nonsfuel components t o  be machined 
i s :  I B - l d T  - - complete; IB-1$~ - - complete; and IB-1@T - - 752 complete. 

4. B a t t e l l e  Memorial I n s t i t u t e  (Task 23-53) 

(Note: the  following t a sks  a r e  de l ineated  under the  
BMI des ignat ions) .  
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a. Design and F a b r i c a t i o n  of a Capsule f o r  . . . . .  I r r a d i a t i o n  of  UN and UOp-Stainless .S tee l  
Dispers ion  Fue l s  (Task 1 - E) 

. . .  . . . . . .  . . . . .  . . , . 

t . . :  ' . _  , . , i Thi s  capsule  (designate 'd as BMI-28--1.) :was . . i n se r t ed  
in'MTR c y c l e  120 on 6 A p r i l  ,1959. The. speciniens a r e  b.eing' . ' irraii iated wi th ' ; '  

. I. , . . 
t h e  miximum kpecimen temperature of about  17500F. 

. . ,. .< $ . . ~. 

b. Design and F a b r i c a t i o n  of a Capsule f o r  Irra-  
. . .  

' d i a t i o n  'of S o l i d  UO .S'pe'ciniens (Task 1-F) 
2 

. . . . . . .  . . Two more. caps'ules', 'similar 'to t h e  one i n  Task 1-E , 
have b'een f a b r i c a t e d .  Each capsuie  ( d e ~ 2 ~ n a ' t e . d  BMI-'27-1 and 27-2) coi i ta ins  
s i x '  Inconel  c l a d ,  s o l i d  U02' p e l l e t s  (-35,wt % enr'ichment) p ins .  ' BMI-27-2 . ,  ':' 
began i r r a d i a t i o n  i n  r e a c t o r  cyc l e  1.1.9 on 2.0   arch i n . a :  thermal neut ron  . 

f l u x  s a i d .  t o  be 0 - 8  x 1014 nv. Th i s  is below the  des ign  f l u x  f o r  t h e  cap- 
s u l e  .: - 'The ' capsule,  i s  t o  operatti  a t .  a .maxihum specimen temperature of  1650°F. 

. . . .  . . . .  . . . . . . . . .  :. ,. .: . . . . ,.. 

Capsule 27-1 i d e n t i c a l '  t o  27-2 w a s  .ihserte'd:' i n  . . :' 

MTk c y c l e  120 gn 6 A p r i l ,  and is ope ra t ing  at. a maximum specimen-temp- 
e r a t u r e  of 1650 F. 

. . ,  
. . 

. . 
. . 

: The ' t ab l e  below sunuimkiz'es. t he  i n i t s a l  capsu le  
" 

temperature,.performance as A n i t o r e d  by therrriocouples m0unte.d. c l b s e .  to'. the'. . 
s u r f a c e  - o f .  the '  specimen.. The a x i a l  f l u x  peak is a t  the  capsu le"cen te r  , b u t  ' 
t h e  specimens'  a t  t h e  ends of t he  capsu le  'operat& a t  a higher. ' . temperature.  '.' 
t han  those i n  t he  ' cen ter .  'Reasons fo r .  t he  behavior  of t he . capsu le '  a r e  ,being 

. . .  . . .  . . : , . .  
i nves t iga t ed .  . .  ' . . .  . . . . . .: . . 

IN-PILE TEMPERATURE DATA FOR CAPSULE 27-2 DURING MTR CYCLE 119 
. . .  

- FULL REACTOR. POWER ' *  

8 . .  . . , ;..'  ern^.." (OF)' 'Af te r  

I n i t i a l '  Temp. (OF) . ~ e i p .  ( O F ) - ~ f t e r  .'. 10  days I i t a d i a t i o n  
A f t e r  S t a r t u p ,  No S t a r t u p  wi th  a n  Aux i l i a ry  Heat In -  

" Auxi l f a ry  Heat. In -  Aux9liary ~ e a k  p u t  vary ing  between 
( 1  put (b) Specimen, . 
< .  

: . Input  of 600 w 100 and 500 w 
- . [ c )  ' . .: . 1250 : 1 :,. 1400 137U 

1625 (hea t e r  1625 ( h e a t e r  
c o n t r o l )  c o n t r o l )  

( a )  Specimens numbered consecu t ive ly  from top  t o  bottom of capsu le .  
(b)  The specimen s u r f a c e  temperature is  approximately 7 5 ' ~  h ighe r  i n  a l l  

c a s e s  than  t h e  thermocouple i n d i c a t i o n .  
( c )  Specimens 1 and 4 are SIR-type p i n s ,  and t h e  o t h e r s  c o n t a i n  s o l i d  U 0 2  ' 

p e l l e t s .  
15 
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. . 

. c . : ~ o d i f  i c a t i o *  of the  BRR. Loop (Task 1 4 )  . . . . 
. , . .  . 

The 10 hp blower w a s  disassembled and reassembled 
twice during t h i s  period t o  r educe .  the:  leakage o f .  o i l  through the l abyr in th  
s e a l .  Th i s  l e ikage  ,was reduced before  . t h e  start  of :addi t ional  loop. assembly. 
The complete system was leak- tes ted  and the  assembly .returned, t o  the  - r e -  
a c t o r  pool a f t e r  the  l eaks  were sea led .  

. . 
d . BMI-16 Loop Fabr ica t  ion: - ETR  a ask 1-H) 

Power and c o n t r o l  wiring is  being i n s t a l l e d ,  and 
i s  completed i n  the  basement and machinery room. F i n a l  connections have 
n o t  been made. The machYnery room door and sh ie ld ing  w a l l  a r e  95% complete, 
b u t  w i l l  no t  be f in i shed  u n t i l  a l l  wiring has been i n s t a l l e d .  

The damaged console has been repa i red .  A l l  wir ing 
and mechanical i n s t a l l a t i o n  needed f o r  performance of a cold  checkout with- 
o u t  the  i n p i l e  tube is f in i shed .  Instrument c a l i b r a t i o n  and in ter -panel  
wi r ing  have a l s o  been completed. 

The p a r t s  needed f o r  i n s e r t i o n  and removal of -a 
f u e l  specimen have been fabr i ca ted .  These include the  drawbar s h i e l d ,  in- 
s e r t i o n  at tachment,  open loop s h i e l d ,  concrete s h i e l d ,  spool piece and 
spool  p iece  adpater .  Two f u e l  specimen casks were completed and turned 
over t o  a vendor t o  have the  lead poured. Shipment t o  the  s i t e  can be com- 
p l e t e d  a f t e r  checkout of  the  drawbar shear .  The items needed f o r  loop 
removal as well  as one in- reactor  t ie  b a r ,  an in- reactor  hanger and a 
p a r t i c l e  f i l t e r  s h i e l d  were completed. 

Reactor f l u x  da ta  obtained from the  ETRC exper i -  
ment and information obtained f o r  P h i l l i p s  Petroleum Co,, since the ETRC 
experiment were used i n  bui ld ing new a t t e n u a t o r  blocks. 

". 

.. . e .  p o s t - ~ t r a d i a t i o n  Examination of the  I-1T 

. ' 
'CTa,sk 1-J)  

, . 

Radiochemical burnup a n a l y s i s  a r e  being snndiinted 
on' seckions removed from the  a x i a l  c e n t e r  of f u e l  p l a t e s  A-1  and D - 1 1 .  
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. .  .. - 
3 .  

. .  . 11. THE GAS-COOLED REACTOR EXPERIMENT I1 ' a ., . . , ., . . 

, .  . A , , ' :  . 'SUMMARY.ANDREVIEW 
. . ,. . . .  . .. . 

- .  . .  . . ... "This p r o j e c t  ' cont inued  pre l iminary  co re  design during:  , .. 
. . . L' A p r i l .  Fuel  loaded g raph i t e  bodies  have been obta ined  f o r  t e s t s ;  A . .. 

thermal cyc le  t e s t  f o r  f u e l  elements has  been designed.  

! B .  CAPSULE TESTS (Task 43-61) 
.: 

. . .  . . Minnesota Minkng and Manufacturing Co. : c u r r e n t l y  .is . . .  :. 

apply ing  a . t h i n  l aye r  of unfueled g r a p h i t e  on t h e  s u r f a c e  of fue l ed  
g r a p h i t e  bodies  p r i o r  t o  coa t ing  with s i l i c o n  ca rb ide  s o  t h a t  t h e  s u r -  
f a c e ' o f  t h e  - f i n a l  coa t  w i l l . b e  f r e e  of uranium s i l i c i d e .  The process  
i s ' b e i n g ' a p p l i e d ' t b  8 w t  % n a t u r a l  UO g r a p h i t e  bodies  n ' p r e p a r a t i o n  . . . ,  

2 
f o r  coa t ing  t h e  enr iched  U02 f u e l  g r a p h i t e  specimens f o r  t he  1 1 - l ~ i n -  

. , p i l e  capsu le i  :The coated enr iched  specimens a r e  scheduled.  t o  .be d e - , .  ': . .  . -  

l i v e r e d  t o  BMI  by 11 May f o r  i nco rpora t ion  i n t o  t h e  1 1 - 1 C  capsule ' . ' -  Th i s , . .  . 
capsule  i s  scheduled t o  go i n t o  t h e  MTR on 29 June.  

Tes t  and design s p e c i f i c a t i o n s  have been completed f o r  
t he  1I'-2C .capsuleb This  capsule  is intended t o  provide long-term cor -  
ro s ion .  and- i n t e g r i t y  d a t a  i n  a r e f e r e n c e  gas environment'; . It w i l l .  be  . , 

designed,  f a b r i c a t e d ,  i r r a d i a t e d  and examined by BMI .  ". .. _ . 

C. MATERIALS TESTING AND EVALUATION (Task 43-64) 

,. . . .  . 1. Fuel  - 
. .,. . .  . . . , ,  

. . 
, . .  Two o the r  vendors; i n  a d d i t i o n  - t o .  Great..Lakes : . 

Carbon Co. a r e  w i l l i n g  t o . p r e p a r e  fue l ed  g r a p h i t e  ~O.GCRE-11 speci f i - :  ' . ' -  
c a t i o n s .  Samples w i l l  be obta ined  from both Minnesota Mining and Manu- 
f a c t u r i n g  Co., and National  Carbon Co. f o r  comparison with t h e  m a t e r i a l  
prepared by Great Lakes Carbon Co. 

. . 

Negot ia t ions  a r e  under way wi th  Great  Lakes ' . . 
Carbon Co. ' to:determine ce r t a in .  b a s i c  phys i ca l  c h a r a c t e r i s t i c s  of 8 w t  % 
fue l ed  ' g r a p h i t e .  The m a t e r i a l  a l r e a d y  has been prepared .by Great  ..Lakes 4 .  

and p a r t i a l  shipment rece ived  by AGN. :: . 
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Three vendors -- National Carbon Co., Minnesota 
Mining and Manufacturing Co., and Brush Beryllium Corp. -- are willing to 
undertake programs to study the feasibility of incorporating beryllium 
oxide or beryllium carbide in fueled graphite. Great Lakes has not yet 
decided whether or not they wish to work with beryllium compounds. 

2. Coatings on Fuel 

National Carbon is a potential second source of 
silicon carbide coatings on fueled graphite. 

Alloy'd Research Corp. and Liquid Metals, Inc. 
can produce barrier coatings (such as molybdenum, chromium, etc.) on 
graphite by vapor deposition. Specimens of barrier coatings on fueled 
graphite will be procured for compatibility tests. 

3 . Cladding Alloys 

Corrosion tests in the reference atmosphere con- 
tinue on Hastelloy X, Inconel 702, and Carpenter 20 Cb at 1750'~ and 200 
psi. The initial 2500 hr phase is scheduled to be completed by mid-May. . 

Initial (1000 hr) corrosion tests in air on the 
above alloys at 1 7 5 0 ~ ~  and 300 psi will be completed in mid-May . * Initial 
(1000 hr) creep tests on Hastelloy X and Inconel 702 at 1750'~ are also 
scheduled to be complete in mid-May. Details of the gas corrosion and 
creep tests are reported in Task 23-65. 

4. Testing 

The helium leak tester i.s schedu led  to be c m -  
pletely installed in the first week of May. The iniLial tests will take 
place on graphite bodies canned at Aerojet. 

5. Ref lector Materials 
. . 

Inquiries were sent to suppliers and fabricators 
of reflector materials. The Brush Beryllium Corp. can produce massive 
shapes of high density in beryllium and beryllium oxide. Metals Hydrides 
Corp. can produce high density shapes of zirconium hydrkde. 

D. CAPSULE BESLGN (Task 4 3 - 6 2 )  
- 

Work on the design of the 11-2C capsule was terminated 
at Aerojet this month. The design will be continued at BMI. A meeting 
of 'cognizant BMI and Aerojet personnel was held to discuss design and fab- 
rication of the capsule, and the test objectives and conditions. Work 
will begin at BMI early in May. 
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. E o ,  . . FUEL ELEMENT PRELIMINARY DESIGN. (Task 43-91) 
. .  . 

An IBM-704 Code (CHOP), which is being developed primarily 
f o r  'ML-1 .. cycle  a n a l y s i s ,  w i l l .  be modif ied t o  make i t  u s e f u l ,  a l s o , .  t o  t h e  
GCRE-I1 syst em.. . .  The f i r s t  app l ' i c a t ion  of CHOP t o  GCRE-I1 w i l l  be t o  re- 
s o l v e ,  on t h e  b a s i s  of t o t a l  sys tem weight , .  the..c"ice between zirconium 
hydr ide  and bery l l ium '(or bery l l ium oxide)  a s  t h e  r e f l e c t o r  m a t e r i a l .  The 
d e t a i l e d  cyc le  a n a l y s i s  i s  needed because t h e  l o s s  i n  cyc l e  e f f i c i e n c y  r e -  
s u l t i n g  from t h e  increased  c o o l i n g ' r e q u ~ r e m e n t s  of zirconium hydride may 
more t h a n . o f f s e t  t h e  savings i n  shie1,ding weight o f f e r e d  by t h e  zirconium 
.hydride . . , r e f l e c t o r .  . , . . . . . ,  . 

- . .  
'   he geometr ical  cons ide ra t i i nk  whichdetermine  t h e  dead 

space formed between t h e  o u t e r  r i n g  of t h e  f u e l .  element hexagons and t h e  
c y l i n d r i c a l  p re s su re  v e s s e l  w a l l  w e r e - i n v e s t i g a t e d .  The s tudy  determined 
t h a t  t h i s  dead space could be kept  under 13% of t h e  t o t a l  core  volume i f  

..the number of hexagons .s ized  t o  f i t  t h e  v e s s e l  w a s  one of t h e  following: 
31 ,  55,  85, 102, o r  121. Var i a t ions  from' t h e s e  numbers, below 121, r e s u l t  
i n  an inc rease  i n :  dead space.  The dec i s ion  on t h e  number of hexagons w i l l  

: be based,on many cons ide ra t ions ,  among which a r e  m e t a l . f r a c t i o n ,  f a b r i c a -  , I 

t i o n  f e a s i b i ' l i t y ,  and s t r e s s  c h a r a c t e r i s t i c s  ." The exac t  hexagon number 
and s i z e , '  however, w i . 11  be. based on t h e  r equ i r ed  co re  dimensions and one 
of t h e  above numbers. . . 

A welding t e s t  s l u g ,  s i m i l a r  t o  t h e  Carpenter  20 Cb s l u g  
reporte 'd  l a s t  month, was '  made of ~ n c o n e l '  702. The welding r e s u l t s  were 
v i s i b l y ,  i n f e r i o r  t o  t h e  s l u g ,  of Carpenter  20 Cb. The welding d i f f i c u l t y  
was  a t t r i b u t e d  t o  ' t he  presence of g r a p h i t e  d u s t  i n  t h e  v i c i n i t y  of t h e  
,weld. . ~ d d i t i o n a l  s t u d i e s  of Inconel  702 welding w i l l ,  be  made . under . more 
c o n t r o l l e d  cond i t i ons .  

A s m a l l  s c a l e  thermal cyc l ing  t e s t  u n i t  has  been designed.. 
Purchase o rde r s  f o r  about 90% of t h e  r equ i r ed  m a t e r i a l s . h a v e  been placed 
f o r  d e l i v e r y  be fo re  1 June.  

A schematic  fiow diagram of t h e  system is  'shown i n  Figure 
16. The main components a re :  

. . . 1. Tes t  S e c t i o n '  

,The t e s r  secti .on is a p re s su re  v e s s e l  14 ' i n .  OD 
by 3 ' f t  .. high ... It is  designed t o  t e s t  elements up t o  5 i n .  i n  diameter by 
11 13. long. It conta ins  a tubu la r  h e a t e r  t h a t  can h e a t  t h e  element t o  
1400 F. 

. . . . 
: . .  

2. Tes t  Element 
. . 

. .  . . . .  2.. 

  he . f  irs't t&t .,elemebt.',wi.ll .be a .  r i g h t  hexagonal . .  . . .  . . 
cy l inde r  3.125. i n .  a c r o s s '  t h e  'f1at.s and i0'.875 in., lbng.. . The . . test element 

. . . '  con ta ins  . 19 . .  coo'lant tube$ 0,3125 , in .  OD and.  8. thkrmoc,oupi&'s. The £ab.rica- 
t i o n  . drawings . f o r '  t h e  , .  . i e s t  . . .  elemknt  a r e  complete ., , This  . element . .  . .. w i l l  . con ta in  

. . . . ' ... 
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a 3 in. section of graphite impregnated with natural UO and silicon 2 
coated; two graphite spacers 3.5 in. long; and .two ftrebrick insulators 
.0.250' in. thick. The canning and tubes will be fabricated from Inconel. 
7'02. The hexagonal can will be fabricated from two 'hal'f sections welded 
on the can flats'. A special fix.ture has been designed for milling the .. 

two ha13 sections, and for holding thbni in position' for welding. ' 

. .  ,. 

Heat Exchanger 

A water-cooled sing1e"tube counter-f'low heat ex- 
changer has been designed to remove the heat generated in the. test section 
and by the re-circulating blower. Water for the heat exchanger will be 
cooled. in 'the existing cooling tower. 

, . 

4. - Re-circulating, .,v4... ,--. . ,.., ~,.w,...,. ,.,., Blower ,..s..,....L,..,,..,z,., 

A Roofo type blowcr hno bccn ohoocn for rc-oirou- 
lating the system gas. The blower will be housed in a pressure shell since 
the gas pressure is 400 psi. The designed capacity of the blower is 1600 
lb/hr of nitrogen at inletoconditions. This capacity is sufficient to cool 
the test element from 1400 F to 4 0 0 ~ ~  in 30 minutes. 

5. Control Circuit 

Two manual set, interlocking meter relays are 
used in the control circuit. One meter relay will control'the cycle temp- 
erature range of the test' specimen through r.emote operation. of system by- 
pass valves..andthe test section heater. The other meter relay is used to 
prdvent aver-heating of the heater. The entire circuit is designed to fail 
safe. 

6. - ~ i t r o ~ e n  Make-up Sys tem 

A nitrogen make-up system has been included to 
maintain system pressure and to operate control valves. 

Helium Leak Detection ..-*.".,---*---.-..--*-----.- 

Samples of the primary loop gas will be withdrawn 
at intervals and bled into the helium leak detector to detect the presence 
of helium in the loop. The presence of helium in the loop will indicate 
the .'failure of a test element; each test e'lement will contain a small 
pressure of helium to signal a failure. 

F. NEUTRONICS (Task 43-93) 

PDQ calculations were performed in April to dctcrminc thc 
gdvantages of using a fuel..-moderator body composed of graphite containing 
beryllium carbide. The initial results show a saving in both diameter and 
'length' of about 5 in. for a 60 v/o graphite-40 v/o beryllium carbide mqteri- 
a1 .compared.to plain graphite. A more exact evaluation will be made; .how- 
ever, it is certain that a substantial amount o£ shield weight would be 
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saved if such a material were llsea: 

PDQ calculations show that the reactivity worth of the 
central island of the reference (graphite) reactor is essentially the 
same as for the equivalent amount of fuel. The calculations also showed 
that the use of the equivalent amount of fuel leads to a more favorable 
peak-to-average power ratio. The choice of whether or not to use a 
central moderating island must be based on questions of control worth. 

G. DESIGN AND FABRICATION OF A CAPSULE FOR IRRADIATION OF 
FUELED GRAPHITE SPECIMEN - BMI Task 1-1 

/ 

Capsule 29-1 is similar in design to capsules 27-1 and 
27-2, but contains six clad U02 (8 wt %, high15 enriched) graphite speci- 
mens.. The design surface temperature is 1750 F. It is expected that 
this capsule will start irradiation in June. 
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THE ML.- 1 (MOBILE , LOW-POWER REACTOR) 

A. SUMMARY AND REVIEW 

The Preliminary Hazards Summary Report, IDO-28537, was 
completed and submitted for approval during April. This report covers 
operation and maintenance of the ML-1 power plant at NRTS, but was not 
extended to include operation at other sites. 

A specification for the turbine-compressor set (AGN 
TM-353) was issued during April. This specification will be used in pro- 
curing spare parts for GTTF under a separate contract. 

. . Invitations to bid on the nuclear instrumentation were 
sent to 25 vendors. , . .  

Fabrication started on test models of the control rod 
blades.. Tests.will begin in June. 

Preliminary design was completed on a reactor shielding 
design for an 18-ton package. Studies were made on possible methods of 
achieving a 15-ton package through the use of tungsten, and by relaxing 
the requirements for shutdown radiation shielding. 

B. AUX IL IAR IE S 

1. Faeilf c y  Design   rice ria (Task 55-100) 

The degree of ML-1 dependence on support facili- 
ties is being determined through a follow-up study. Certainsmaintenance 
requirements were assumed to provide a basis for such a study. It was 
also assumed that failures will occur in a critical component of either 
the reactor or the power conversion equipment. Consideration was given 
to mechanical design and radiation hazards in analyzing the methods and 
procedures of disassembly-assembly of such components. Tentative work lo- 
cations and tool requirements have been established. Information on suit- 
able "hot shop" facilities at NRTS has been reviewed. 

2 .  Shock Mounts (Task 55-200) 

* The lack of statistics and the inconsistency of 
available data on dynamic environments made it necessary to formulate 
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arbitrary ground rules for the design criteria of the prototype shock and 
vibration isolation system. If the results from full scale tests so re- 
quire, the design criteria will be modified. 

The Aerojet test facilities in Sacramento were 
reviewed. A railroad track and switch engine for "humping" tests is 
available. The environmental test facilities, excluding a temperature 
chamber, will not be available until 1960. Technical assistance on test 
instrumentation is available. 

3. Field Applications  ask 55-300) 

Final design of the reactor and power conversion 
mockups. have,,begun. The packages will be fabricated from reinforced con- 
crete and..will include ,tie-down points at the same locations as ;on the 
ML-1 packages. The tie-down plan provides. supplementary shock mounting 
as well as distribution of the shock loads KO the alrcraft or vehicle . . . 

structure. The mock-up skids will be provided with shock mountings for 
future sho.ck. and vibration tests. 

i 
. . 

4. Fluids Yrocessing ('task. 55-400) _ 

. . . . Ammonium pentaborate tests were completed and a 
summary report is being written for publication in May. Excerpts frpm 
this test report will be included in the May monthly progress report. 

The current reactor package design is being re- 
viewed to provide a basis for proceeding with- the water treatment equip- 
ment design. Tentative sizes have been established for.the moderator 
system bypass demineralizers. 

Feasibility studies are continuing on the nitro- 
gen gas manufacturing unit. 

c. POWER CONVERSION EQUIPMENT 

1. Design and Spec<fi.cati.on (Task 56-1.00) 

- A specification for the turbine-compressor set . . 

was issued during April as AGN TM-353. This specification will,beused, 
to procure C;'l"l'k' spare parts under a.separate contract. The GTTF turbine- 
compressor: set. is being reviewed to determine the feasibility of using a 
similar -,unit on ML-1':- The review, now 75% completed, will be finished in: 
May.. . . ' .  . . . .  

. . -. . , 
. . 

Specifications for the recuperatorare about 80% 
complete. The conceptual design of the recuperator is about 80% complete, 
and should result in reduction of the.therma1 stresses anticipated in the 
GTTF unit. 

. . . -. 

. . .  . . .. 
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The conceptual  des ign  of t h e  pre-cooler  i n d i g a t e s  
i t  i s  p o s s i b l e  t o  achieve  an approach temperature of approximately 25 F a t  
maximum ambient cond i t i ons  with t h e  new re fe rence  des ign .  This  new design. 
f i t s  w i th in  t h e  l a t e r a l  a r e a  r e s t r i c t i o n s  of t h e  ML-1 power conversion 
s k i d .  The r e fe rence  des ign  inco rpora t e s  a p e r f o r a t e d  p l a t e  f i n  i n s t e a d  of 
t h e  p l a i n  p l a t e  f i n  used on GTTF, and uses  four  fans  which r e q u i r e  about  
45 hp. It may be p o s s i b l e  t o  f u r t h e r  improve pre-cooler  geometry. It 
may be necessary t o  r a i s e  t he  pre-cooler  by means of jacks when t h e  s k i d  
i s  i n  p l ace  i n  order  t o  achieve  proper i n l e t  flow cond i t i ons .  

Optimum arrangement of t h e  major components on 
the  power conversion s k i d  is  being s t u d i e d .  Increased  genera tor  speeds ,  
i n - l i n e  arrangement of t h e  r e c u p e r a t o r ,  modi f ica t ions  t o  t h e  t u r b i n e ,  
genera tor  and gear  box a r e  being i n v e s t i g a t e d .  

2. Ma te r i a l s  Research & Development (Task 56-200) :' 

A development program was s t a r t e d  l a t e . i n  March 
to.d'etermine t h e  braz ing  cyc le  f o r  type  "A" n i c k e l  pfn  f i n  s t r u c t u r e  f o r  
u se  i n  t h e  MI,-1 r ecupe ra to r .  The e f f e c t s  of t h e  four  v a r i a b l e s  i n  the .  
b raz ing  cyc le  w i l l  be s t u d i e d  i n  a fou r - s t age  program. 

Stage I;.. E s t a b l i s h  proper  th ickness  of braze  
m a t e r i a l s .  

Stage 11. E s t a b l i s h  e f f e c t  of dwell  time at  
braze  temperature on meta l  t o  braz ing  m a t e r i a l  
a l l o y i n g .  

Stage 111. E s t a b l i s h  t h e  e f f e c t  of hea t ing  and 
cool ing  r a t e s  from braze  m a t e r i a l  mel t ing  tempera- 
t u r e  t o  b raz ing  temperature and back t o  s o l i d u s  
temperature.  

Stave I V .  E s t a b l i s h  e f f e c t  of maximum. braze  
temperature,  

Samples have been ordered t o  t h e  necessary  spec i -  
f i c a t i o n s .  Completed samples of one s t a g e  a r e  v i s u a l l y  examined before  
samples a r e  ordered f o r  t h e  next  s t a g e .  The samples a r e  s e c t i o n s  t h r e e  
p i n s  wide by 2 i n .  long made wi th  type  "A" n i c k e l  s h e e t  and type  "A" n i c k e l  
p ins .  (Typical samples a r e  shown i n  F igure  17.)  The s i z e  and shape of 
t hese  p ins  a r e  i d e n t i c a l  t o  t h e  p ins  used i n  t h e  GTTF recupe ra to r .  Copper 
braze was used as a r e f e r e n c e ,  backed up with two s i l v e r  a l l o y s  an6  one 
n i c k e l  a l l o y .  The r e s u l t s  of t h e  f i r s t  two s t a g e s  of t h i s  program a r e :  

Stage I. Five  th i cknesses  of copper braze  m a t -  
e r i a l  were used.  A minimum th i ckness  of 0 .0030, in .  of copper was e s t ab -  
l i s h e d .  AMS 4772 s i l v e r  braze a l l o y  provided t h e  b e s t  j o i n t  of t h e  back- 
up m a t e r i a l s ,  and a th i ckness  of 0.0040 i n .  was t h e  most s a t i s f a c t o r y .  
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. . Stage  11: Four dwell  t imes were run ,  ranging 
from one-half . ,hour  t o  t h r e e  hours  a t  t h r e e  d i f f e r e n t  braz ing  a l l o y  equiva- 
l e n t  f o i l  th ic l tnesses .  A l l  of t h e  samples were s a t i s f a c t o r y  ... No e ros ion  
was noted  f o r - t h e  long dwell  ,cycies .  , _  , . . .  

. .. . . 

. .The  above samples (and some e l e c t r o l e s s  n i cke l -  . 
coated:GTTF.recuperator  samples) a r e . i n c l u d e d  i n  c u r r e n t  gas  c o r r o s i o n ' .  
t e s t s .  They a r e  being t e s t e d  i n . 3 0 0  p s i  r e f e rence  ML41 n i t r o g e n  atmos- . .  

phcre  and 300 p s i  air a t  ~ O O ~ F , .  Comparative s t r e n g t h  t e s t s  w i l l  be made 
on r e f e r e n c e  and exposed samples t o  determine t h e  e f f e c t  of exposure .on 
t h e  b raze  j o i n t .  

. . 

gin f i n  core ~&~les .mebde .  of t h e  same m a t e r i a l s  
as t h e  GTTF recupe ra to r  have completed a 2000 h r  gas co r ros ion  t e s t .   hi his 
c o r e  has  Armco i r o n  p i n s  between shee r s  of AISI ty.pe 430 s t a b l e s :  s t e e l .  
The gas  ,composition is  ref 'erence ML-1,nitrogen a t  2UU p s p a n d  9UU k'. Une 
of t h e  exposed samples is p i c t u r e d  wi th  a n  unexposed sample i n  F igure  18. 
The exposed sample had an o v e r - a l l  dark b lue  co lo r .  An adhering s c a l e  
was .depos i t ed  on t h e  s t a i n l e s s .  s h e e t  and a dof t , ,powdery  s c a l e  was b u i l ~ t  .' ' 

up on t h e  Armco i r o n  p i n s .  Microphotographs a r e  being, made , t o  determine . 

t h e  co r ros ion  p e n e t r a t i o n .  The t a b l e  below 1 i s . t s . t h e  weight, g a i n . r e -  : . . 

corded f o r  t he  2000 h r  test .": 
. . .. . 

WEIGHT CHANGEpGTTF , TYPE PIN FIN RECUPERATOR CORE 

ATMOSPHERE: ML-1 R~FERENCE NITROGEN AT 200 PSI 9 0 0 ' ~  

Sample No. Or ig ina l .  W t  . l? inal  W t  . Net Change 
. . 

, . . . 

Sample No. 3  1000-hour t e s t  du ra t ion .  A 1 1  o the r  samples weighed a t  
2000 h r s  . 

3 . Sys terns A n a 1 ~ s . i ~  and G . 5 X F E w e n t a l  Planning 
(Task 56-3001 

. . 
A program has  been comple ted . to  u s e ' a  d i g i t a l  com- 

p u t e r  t o  ana lyze  ML-1 s t eady  s t a t e  performance. Accuracy of t h e  program 
w i l l  be determined and i n i t i a l  c a l c u l a t i o n s  a r e  sdheduled t o  s t a r t  i n  May. 

. E l e c t r i c a l  Equipment Design (Task 56-400) 

The r e fe rence  des ign  f o r  t h e  e l e c t r i c a l  swi tch  
gear  i s  as follows: t h e  output  of t h e  three-phase,  240014160 v o l t  wye- 
connected,  60 c y c l e ,  400 kw genera tor  i s  f ed  through a c i r c u i t  breaker  t o  
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the external load and parallel stations. ~ower~'for the plant auxiliary 
equipment is tapped off at the generator side of a circuit breaker and 
is transformed down to 480 v three-phase. All of the auxiliary motors, 
heaters and lights operate at 480 v. A transfer switch on the secondary 
side of the 4160/480 v transformer allows the auxiliary equipment to be 
driven either by the main generator or by an auxiliary power supply. 

Commercially available equipment meets,the . 
general shock and vibration requirements for the ML-1 plant. A prelimin- 
ary design report which includes this equipment has been completed. 

, , . .  . . . i ' . . . . , . .  . . .  . . . . . . - 

Tentative plans have been established .for..Sequenc- 
ing. the electrical equipment for the different.types of shutdown required 
during operations at Idaho. In general, the plan is to drop the ML-1: to; 
minimum power compatible with the malfunction which has occurred within 
the power plant system. An auxiliary power supply will be used as re- 
quired ,for ,the'acceptance testing at Idaho.unti1 the plant has proven that 
it can operate without dependence on auxiliary power. .. " . . .. 

. . . . 
A preliminary investigation- has been made of.the 

effects of radiation damage to the electrical component's. No trouble is'.' 
expected with any of the electrical components..on the power conversion.skid 
except'where lubrication is involved. Further investigation is be.ing..inade 

. . of' the' damaging effects of radiation on bearing lubricants.. .. ., 

The use of 400 cycle equipment is being investi- 
gated to see if it would save weight and space on the power conversion 
skid. The addition of an auxiliary 400 cycle generator, operating off the 
same gear box with the main 60 cycle generator,.to supply 400 cycle power 
to 'the auxiliary motors and equipment may offer substantial weight .savings. 

. . . . 

Mechanical Desipn (Task 56-500) 5. 

Sketches have been completed for a 1/8th scale 
model of the ML-1 structure and equipment, and the purchase order has'been 
cent out to fabricators. The mndel wi.l.1 he used in equipment layout work. 

. . The analytical solution has been completed for the 
temperature distribution at the insulation joint on the pipe between 'the 
recuperator and the'reactor, and a numerical example is being coidputed . - .  
In addition, a preliminary,design was completed for the charcoal filter in 
the.gas clean-up system following the transfer compressor. The design in- 
cludes a vessel to operate at 3000 psig, and a free connection, gas pre- 
cooler.. for the seal vent compressor. 

Inquiries have gone to vendors to determine if 
satisfactory pressure reducing valves, relief valves, solenoid-operated 
shut-off valves, and fast operation control valves are available; and to 
determine which of the available gas transfer compressor machines would 
be optimum in terms of weight, reliability and operatableness. 
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..6. . Process Design (Task. .5.6-900). ( . . .. 

. .  . . . 
Final mechanical £'low sheet drawings have .been,, . 

completed, for the power, gas transfer, drying and lubrication circuits.: 
. . 

D: INSTRUMENTATION AND CONTROLS 

1. Neutron Monitoring (Task 57-200) 

Specifications for the transistorized nuclear 
instrumentation were submitted to 25 manufacturers, They were given 45 
days to complete. their bid quotations. The specifications include one 
spare channel for each range of operation. (A chant~el of instrumentation 
includes the neutron detector, inter-connecting cable, amplifiers, and 
safecy chassis,) 

A capacitance bridge type position indicator is 
being investigated for use as a fast rod position indicator, one that has 
a small amount of inertia in the receiving unit. The regulating rod has 
a relatively fast speed, and indicators with large moments of inertia 
would over-run and be out of calibration. In the use of the capacitance 
bridge type, the rod carriage would position a variable air gap capacitor 
which would be compared to a fixed capacitor in the bridge circuits. The 
deviation of the current across the bridge would reflect the position of 

- tlze rod. 

2. Health Physics (Task 57-300) 

A tentative specification has been written for 
.the RAMS health phys.ics equipment needed for the power conversion skid. 
The final specifications will reflect the radiation calculation at the 
ion charnb'er locatio~~s . . . 

The design criteria has been written for the 
..health physics. equipment for the Personnel Change Building and the 
, Au~riliary Euilding . 

. .  . Tentative specifications for the gas particulate 
count monitor (mentioned in the March Progress Report - IDO-28538) will 
not.be finalized until the conf.iguration of the .pre-cooler .is determined. 

Control . . . - .. - .. . - ~n~I&@..rwnentatk . . -. .. (Task 57-400) 
. . 

No effort was expended on this task during April. 

4. Dynamic Analysis (Task 57-500) 
. 8 . . 

The use.of an axial flow compressor, .instead of 
a.radial £.low type, is being considered because of an expected. increase 
in compressor efficiency. The constant speed lines .are almost vertical. 
on the map of an axial flow compressor. Runs made on the analog simulator 
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show that the control plan, as now conceived, wou1d'"work 'well with the 
axial compressor without modifications. 

5. Process Instrumentation (Task 57-600) 
.. . . . 

The process instrumentation block diagram was re- 
viewed in a series of .meetings of the instrumentation group. Each instru- 
ment destined for the control cab was reviewed in detail. 

.The following instruments. were. added to .th& exi'st-; 
ing list of process' instruments: wind speed and direction ~ndic:ators, . . ; 

bar0metti.c .pressure indicator, outside air temperature indicator,,: shield' . '- 
"wat.er conductivity indicator and alarm, shield water temperature 2tidicafor 
and alarm, and the moderator surge tank level indicator and alarm. These 
changes are being .added to the process instrumentation block diagram. 

. . '. . . . . . .. 

. . 6. Power Control (Task 57-800) . . 
. . .  

A load bank, necessary for the final test of 'th'e:. 
power system, will have .the following characteristics: 

a. Varying power.factor: 0.3 lead to 0.8 lag- 
. . , . 

b. Step changes of load (manual operation)' 
. .. - : . . 

c. Power load requirement: 0 to 500 kw 

. . d. Temperature range: 30 to 110'~ . . . (.. . 
. . . .. - . , . .  

e. Separate controls (remote from load) 

. . .  . , . , . .. . . . . f . Portable . , 

. . , . ,  . . .  

Manufacturers have been asked to supply Informa- 
tion and quotations for this equipment. 

It is estimated that 225 wires wi.11 be required , ;  

for 'the' signal. leads, motor controls, solenoid valve controls ; *temper.at.ure 
: . .  . .  indicators, etc. . . .- , . .  

. . .. .... 

A motor controls schematic is now in rough draft 
.form. .'This is a simplified schematic without provision for sequence.of 
operation, interlocking' of necessary equipment, or control d equipmerit . -  

during emergency'shutdown: These areas are still tentatiue.and.wil1' not . 

be f.irm until late in May. This information -will .be integrated into. the. . .  
schematic as soon as possible.. . . .  

. . The front panel configuration, for mounting pro- 
cessing equipment.in the instrument cab, will be-standard 8-3/4 in. high '.' 

by ,19 ini wide with Western Electric mounti'ng dimensions. The use 'of me-"' 
chanical slides with this equipment, for quick disconnect and ease o f  main- 
tenaiice, will be studied. 

. . . ,  ,, 
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E'. REACTOR ENGINEERING , , . . . . . .  .. . , . . 

, . . "  . . 9 . .. . . 
1. Control Rods (Task 58-100) 

No e f f o r t  w a s  expended-on t h i s  task  during Apri l .  
. . . , 

. , . .  2 .  ~ e a c t o r  Shielding  ask 58-200) . . 

. . . . . .  . 
Preliminary design i s  nearly complete on a re- 

a c t o r , w i t h  a t o t a l  packa.ge,weight of 18 tons ,  The preliminary design i s  
shown i n  Figure 19.   he genera1,nuclear  and heat  t r a n s f e r  .ca lcula t ions  
a r e  complete, and ML-1 Notes Numbers 86 and .89 summarize ..,the r e s u l t s .  . . 

The design of i n d i v i d u a l .  components w i l l  be .reviewed , . a s  the designs, pr0gres.s 
. . , . . . . . I  

A corrosion and c n v i r o ~ e n t a l  testing .h& ' 

been sta;ted t o  evaluate  t h e  desigrl and i n d i c a ~ e  al ly pubsiLle problem arcao.  
The d e t a i l e d  design drawings fo r  the  sh ie ld ing  a r e  expected t o  be complete 
by 1 August. 'I'he f f a a l  'dhsign p'ackagt! ul: iiicliviual eomponcnto wi l i ( ,be  
issued fo r  b id  as  they a r e  prepared.  

, . . .  . 
T ' I ~  pfksent  HL-1 d&im c r i t e r i a  requires  an ].$-ton 

pa,ckage .weight, and a mi*imum e ~ c l u s i o n  a r e a  of 500 f e e t  r a d i ~ s  dbr.ing . f u l l -  
power opera t ion.  The dose,: d l 1  p o t  exceed 5 mr/hr a t  the  perimentkr of the  
exclusion radius  dur.ing full-p6fjer.  operat ion.  . Twenty-four hours a f t e r  shdt-  - 

down, t h e  dose w l l l  not exceed 5 w / h r  a t  the   driver'^ ~ompar$men$~?f the 
prime mov,er. (Note: ~ h e r . e  njay be considerable e r r o r ' i n  the  dosa'ge values 
given he re  because of the  u n d i r t a i n t i e s .  involved i n  the  design o£;,$hielding 
f o r  mobile systems. A"Ll 'dosage f a c t o r s  .given here a r e  expected t q  be 
c o r r e c t  within a f a c t o r  .of three.) . . 

. . .  
. . .  

The conceptual design- presented here is  believed 
. t o  meet the  above requirei i~eats  . A reduced phcltoge' weight: w i l l  req1.11se more 
c o s t l y  mate r i a l s  and/or an increase  i n  shutd& sh ie ld ing  dose'  over tha t  
prescr ibed above. . /  - 

For a power reac to r  with complete1.y se l f -conta ined 
sh ie ld ing ,  both shutdown and full-power sh ie ld ing  must be cunsidered. U s e  
of a high densi ty  m a t e r i a l ,  designed fo r  g m a  sh ie ld ing  ol: the shutdown 
r e a c t o r ,  w i l l  minimize shutdown weight a t  the  expense of an excessively 
l a rge  exclusion a r e a  during full-power operat ion.  

The. shutdown sh ie ld ing  i s  . p r e f e r e n t i a l  ' i n  d i r e c t i o n  
t o  minimize weight, ( i  .e .  , the  dos,e expected :in the  cab of .the prime mover 
w i l l  be lower t,han a t  o t h e r , p o i n t s  equally d i s t a n t  from the  reac to r ) .  The 
p r e f e r e n t i a l  na tu re  of ttle sh ie ld ing  4s t r u e  , o n l y ' a f t e r  r eac to r  shutdown, 
and t h e  r a d i a t i o n  during opera t ion w i l l  be nearly i so t rop ic .  . . , . 

. <  The water i n  the  s h i e l d  tank w i l l  be drained be- 
fore, th; r eac to r  is transpo=ted. F i l l i n g  t h e  tank with water w i l l  reduce 
the  dose by a fac to r  of abp'ut 10. (Maintenance, a s  . f a r  a s . p o s s i b l e ,  should 
take p lace  while t h e  s h i e l d  ,tank i s  f u l l  of water,). The .dose . r a t e  for  shut-  
down w i l l  be doubled i f  the  moderator water is  drained.  After  shutdown, 
the r a d i a t i o n  dose w i l l  cons i s t  almost e n t i r e l y  of gama photons. 
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, . 
. . .  The dose r ece ived  dur ing  f u l l ~ p o w e r  ope ra t ion  w i l l  

c o n s i s t  of both f a s t  neut rons  and gamma photons; thermal neut ron  f l u x e s  
a r e  expected t o  b e ' n e g l i g i b l e .  The dominant source  of gamma dur ing  opera- 
t i o n  w i l l  b e .  (n ,$ ) ' c a p t d r e  o u t s i d e  t h e  h igh  d e n s i t y .  s h i e l d .  Es:cape.. of * .. 

f a s t '  neut rons  from t h e  s h i e l d i n g  w i l l  be by s t reaming down. the .  .gas .duct.s'.. 
. . . . .  . . > .  . . . . .  . . . . .  .. , . . . . . . . . . : . . : . .  

. . .  
, . .  . . . . . . The f i r s t  component. of t h e  r adPa l  s h i e l d i n g :  i-s .. 

t h e  l ead  f a s t  neut ron  r e f l e c t o r .  The inner  ' face ..of.-the..le-ad t i . %  : i n su l a t ed  
t o  reduce h e a t  t r a n s f e r  between t h e  r e f l e c t o r  and core .  Water f i l l e d  tubes 

, . imbedded . in  t he : r e f l ec to r  w i l l  remove t h e  .hea.t from t h e  r e f l e c t o r .  Cal- 
c u l a t i o n s  'show t h a t  . bo i l i ng  can be .  t o l e r a t e d  i n  t h e  . r e f l e c t o r  c o o l a n t  . i .. 

'passages.  . Lead t h i c k  enough ' t o  s h i e l d  t h e  shut.down rad ia t con .  ; w i l l  :make -+up 
. . . . .  . . . . . . . . . . .  . . '  t h e  remainder of che h igh  dens i ty  s h i e l d i n g .  .:.. ' . . -. : : 

. . 

. . .  . . . . .  . . . . . .  ::, : 

A shee t  of bokal is  p laced  ou t i sde  t h e  kk f lkc to r  
t o  reduce t h e  thermal neut ron  f l u x  i n  t h e  ou te r  p o r t i o n  of t h e  s h i e l d i n g  
t o "  t h e .  p o i n t '  where (n ,$ ) cap tu re  w i l l  .no.. longer be a  s i g n i f i c a n t  cont r ibu-  

. . . . .  - . .  . . . . .  t i o n  ' t o  t h e  gamma -dosage. . , ,  . 
. - -  . - . . . _ : i .  _ '  

. . A t h i c k  b lanket  ,of  .boron. s a l t s  ;(probably: ammonium 

pentabora te )  w i l l  surround t h e  l ead  s h i e l d ,  The high percentage of  boron 
i n  t l i e ' s a l t  i n s u r e s . t h a t  ( n , v )  cap tu re s  i n  t h e  ou te r  p o r t i o n  of t h e  

'. . ' sh . ie ld .wi l l  be suppressed enough t o  .make -a 500 f t .  . exc lus ion .  r a d i u s  adequate .  
. . .  '. . . , .. . . . . .  . . . . .  . . 

.'. The n e c e s s i t y  of l o c a t i n g  the '  gas .ducts--  a t  the. .  : 
"ends:':of the.  c y l i n d r i c a l  c o r e  means t h a t - m o r e  r a d i a t i o n  w i l . 1  esca.pe,from-..  

t h e  s h i e l d i n g  a x i a l l y  than  r a d i a l l y .  I n  a d d i t i o n  Co. the.hZgh densi ty ' .  ... 

components, i t  i s  necessary  t o  extend t h e  boron salt b lanket  over  both 
t h e  upper and lower plenums and po r t ions  of t he  gas ductiing t o  i n c r e a s e  
t h e  a x i a l  s h i e l d i n g .  S ince  boron salts form a n  e x c e l l e n t  i n s u l a t o r ,  a  
means'~must be .Ijrovided f o r  removal of t h e  h e a t  conducted t o  t h e  plenums 
an& ducts '  fr'm ' the coolant  gas.. Thin' a n n u l i  w i l l  be provided.between:.the 

... duct ing  and t h e -  boron .sal t  b lanket  t o  permit  convect ive . coo l ing  of: t h e  
ho t  .bur  faces  ..by t h e  s h i e l d  water .  The. water.  i n  t hese  a n n u l i  ; however ;. w i l l  
be t he  s'ource o'f undes i r ab le  (n ,  d )  r e a ~ t ~ i o n s  s o . t h i n  1ead ' :wi l l  be .bur.ied 

. . . .  . . . . . .  i n  t h e  b lanket  (see Figure  19) .  

. . . . . . . . . . .  . , .. . . .  . . . . Some a c t i v a t i o n  of the , . tungs ten  p l a t e s  is  expected 
because of t h e  l a r g e  number of resonance captures: in  tungs ten  of neutrons .... 

''in t h e  2 5 . e ~  range.  Fo r tuna te ly  t h e  energy of t h e . e m i t t e d  photons i s  l e s s  
than  0.7 mev and t h e  s t a i n l e s s  s t e e l  i n  t h e  plenums. w i - 1 1  be' a n  adequa. te ' .  
s h i e l d .  

. . . .  . . .  . . . . ,  . . .  . , .  

. . . . : . . . . . .  The r e a c t o r  s h i e l d  tank  w i l l  be .fi l . led wi%h.-highly,; .borated 
water:' d u r k g  ope ra t ion  and ,  : when p o s s i b l e ,  dur ing  maintenance. 2.. This. .  water 

. .-. w i ' l l .  a t t en i i a t e  t h e  £as t neutron f l u x ,  and most . o f .  t.he thermal neutron.. cap- 
t u r e  i n  t he  tank  water w i l l  be by boron n u c l e i ,  Any r e a c t i o n s ,  t h e r e f o r e ,  

- '  ' w i X 1  p'raduce l i t t l e  cap tu re  r ad i a t ion , ,  'and a,n a d d i t i o n a l  e f f e c t  of t he  boron 
... . :. .. : . w i l l  .be t o  . reduce. a.ctivatiion of t h e  components o u t s i d e  the '  core  Ammonium 

pentabora te  w i l l  be used t o . p r o v i d e . h i g h  boron concentra-tion in ; . t he  s h i e l d  
tank.  (Tank c o r ~ o s i o n  problems w i l l  be i n v e s t i g a t e d . )  
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3. Reactor Facilities (Task 58-300) 

Investigation shows that. it will be necessary-to 
control the temperature of the shield water. Conduction losses by the 
plenums and gas ducts to the shield water.make it necessary to cool the 
shield water to prevent boiling when the ambient temperature reacheso125 F. 
Furthermore, the shield water must be held at .temperatures above 110 F to 
maintain 18 wt % ammonium pentaborate in solution. 

. . . . .  
A second heat exchanger, included in the moderator 

return system, will accomplish this.o Since the tempera,t.ure of the moder- 
ator,will be controlled at about 170 F, as it passes through the secondary' 
hear exchanger it will heat the shield water in cold weather and cool it 

0 
in hot weather. This should maintain shield water temperature between 150 F 
and 1909~. 

The reactor tank will have approximately 1/2 in. 
thickness of permanent insulation to reduce the heat loss during cold 
weather. This insulation will stabilize shield water temperatures and 
.permit maintenance during cold weather without draining the shield water. 

Detail stress analysis and design has started 
on the tank, and the final drawings of the tank are scheduled to be started 
in May. The preliminary design is complete for the heat exchangers. Final 
design awaits the detailed evaluation of the heat loads. The final bid 
requests .for heat exchangers and.for the tank are ,scheduled to be sent out 
in August and September, respectively. 

4. Pressure Vessel (Task 58-400) 

A layout drawing was started, for the reactor . 

pressure vessel and its internal insulation. Drawings and advance quota- 
tion requests were prepared for the large forged pieces of.stainless steel 
required in the pressure vessel. These forged pieces include one-piece., 
forgings for the tube sheet and side walls, and forged flanges for the 
upper and lower covers. 

i 

Specifications were completed and advance quota- 
tion.requests sent to potential vendors for the fabrication of the pressure 
tubes. These tubes are 1.756 in. ID with 0.020 in. walls and will be made 
of AISI type 316 stainless steel. 

Specifications and drawings were completed for 
the upper flanged connection of the pressure vessel. These connections 
are designed to be disconnected by remote controls, .and a ."V" band type 
coupling will be used for this joint to permit access to the fuel elements. 
. ,, . .. . . * 

A model was fabricated of the 'fuel element support 
and "hold down" to determine its workability. . Minor modif icatkons. are being 

, incorporated on the mock-up for further evaluation,, . ", ..  . 
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Sample coupons are being fabricated to simulate 
the tube-to-tube-sheet joint. The three types of joints being considered 
are a rolled and welded joint similar' to the GCRE-I pressure vessel joint; 
a brazed joint, not rolled; and a rolled and brazed joint. Brazing is 
considered because of the possibility that welding on the.stainless steel 
tube-sheets will cause intolerable warpage. 

The design criteria have been determined for final 
design of a 1/4 scale model to simulate the gas flow in the pressure vessel 
plenums. . The model will be used to determine optimum shape of the plenum 
and the tungsten baffle for minimum pressure losses, and to'determine the 
actual pressure drop in the pressure vessel. 

The heat' transfer characteristics of the stain- 
less steel sheets used as radiation insulation was analyzed. The analysis 
showed that the minimum effective distance between barriers was 0.010 in. 
Furthermore, the efficiency of the insulation increases with the number 
of barriers, but beyond three barriers there was little gain in thermal 
efficiency compared to the increase in fabrication complexity. The cal- 
culated heat transfer through the2insulation was 5200 ~~~/hr/ft' for on 
radiation barrier; 2400 BTU/hr/ft for two barriers, and 2000 BTU/hr/ft 9 
for three barriers. 

Control Rod Blades (Task 58-500) 

The three types of blade mounts mentioned in. 
previous reports are being fabricated. The facility for testing these 
mounts was described in the March Progress Report (IDO-28538). Equipment 
is being fabricated to test the two gear-driven control blade mounts. 
The design of equipment to test the mount in which the blades are connect- 
ed by links and actuated by a reciprocating shaft will be completed in 
May. These tests will begin in June. 
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COORDINATION OF THE GAS TURBINE TEST FACILITY 

Under a subcon t r ac t  from AGC, AGN has assumed r e s p o n s i b i l i t y  f o r  
01-era11 d i r e c t i o n  of the  GTTF work scope. Author iza t ion  f o r  a $275,000 spare  
p a r t s  c o n t r a c t  is expected i n  May. Aero je t  has  reques ted  b i d s  f o r  t h e  
spa re  turbine-compressor s e t  t o  exped i t e  schedule requirements .  

ERDL and Aero je t  personnel  v i s i t e d  S t r a t o s  and i t s  subcon t r ac to r ,  
T e x t i l e  Manufacturing Co., t o  e s t a b l i s h  a r e a l i s t i c  d e l i v e r y  d a t e  f o r  the  
tc.rbine-compressor s e t .  Del ivery  w i l l  be made on 12 June 1959 providing 
T ~ : x t i l e  d e l i v e r s  t he  turbine-,compressor s e t  ca s ings  by 29 A p r i l .  Any chan:ze 
i n  t h i s  schedule r e q u i r e s  ' t he  approval  of t he  ERDL p r o j e c t  engineer. .  ( I t  
 hi.^ been l ea rned  s i n c e  the  conference t h a t  c a s i n g  warping problems w i l l  . 

d e l a y  t h e  d e l i v e r y  d a t e  by a ,week) ,  

The fol lowing problem a r e a s  were i n v e s t i g a t e d  dur ing  A p r i l :  

1. The f i r s t  harmonic ( n a t u r a l  frequency) of t he  gear  box q u i l l  
' sha f t  was found by the  graphica l  s t a t i c  d e f l e c t i o n  method. Work con t inues ,  
u s ing  changed end cond i t i ons ,  and inc ludes  explor ing  the  f e a s i b i l i t y  of - 

' 

us ing  a s o l i d  s h a f t .  I 
I 

2. The coupling between the  turbine-compressor s e t  and th'e gear  
box i n t e r f e r e s  when the  turbine-csmpressor s e t  f ace  s e a l  i s  removed. Af t e r  
s tudy  of t he  problem, i t  appears  . t h a t  r edes ign  of the  s e a l  and s e l e c t i o n  of 
t h e  proper coupl ing  w i l l  so lve  the  problem. . 

3 .  Aero je t  i s  s e t t i n g  up a computer program t o  f u r n i s h  rpmltime 
and system/pressure func t ions  when a n  impingement nozzle  i s  used on t h e  
f i r s t  s t a g e  of the  compressor. 

4 .  Aero je t  is  s tudying  the  GTTF pip ing  t o  determine the  modi f ica t ions  
necessary  f o r  c y c l e  t e s t s  on the  turbine-compressor s e t .  ' ERDL w i l l  be. askcd 
t o  a u t h o r i z e  procurement and i n s t a l l a t i o n  of necessary  m a t e r i a l s  f o r  t hese  
mod i f i ca t ions  . 



FIGURE 1. FRONT VIEW OF THE FACILITY 
The model of the GCRE f a c i l i t y  a t  the National Reactor Testing Station, 
Idaho Fal l s ,  Idaho, i s  shown as  it would appear t o  an observer looking 
northward a t  the front of the building. The coor on the l e f t  is  the 
main personnel entrance. The 1148th scale  model has suf f ic ien t  de ta i l  
t o  give a r e a l i s t i c  display of many of the mechanical aspects of the 
actual  f ac i l i t y .  



FIGURE 2, THE FACILITY FROM THE REAR 
The north s ide  of the building i s  shown here. Features of t h i s  modef 
include a f i t t e d  packing case, and four legs t h a t  screw i n t o  the  bot- 
tom of the  model so it forms i t s  own display table. The packing case 
is  care fu l ly  f i t t e d  t o  the model t o  provide maximum protect ion i n  tran- 
s i t  and i n  storage. 



FIGURE 3. THE CONTROL ROOM 
The control console and instrument racks are seen in more detail here. 
The figures of the operator and the technician provide a visual scale 
of the size of the facility, .. , ,  , , : ; -  :-' #,-. 8 - , 

, 8 ';i>-' T ?  1 8.  - . ,-,, , 8 8 7 ' 1 
7 ' 7, 8 ,  1 ' r 





PHOTOS J AND 2 - TYPICAL NICKS AND DENTS '1-N AS 
- 

RECEIVED PLATES. 



PHOTOS 3 AND 4 - SURFACE DEFECTS FROM IMPROPER 
HANDLING AND ROLLED IN MATERIAL. 



PHOTOS 5 AND 6 - DEFECTS APPEAR TO BE CAUSED 
BY STEEL WOOL PARTICLES ROLLED INTO SURFACE. 



EGG 

PHOTO 7- DEEP SURFACE DEFECTS ROLLED IN 
THIS PLATE DID NOT PASS ACID ETCH. 



Typical section of B cl ip as received 
showing misplaced angles and mismatch 
of notches. (10X) 

Typical section of C Clip as received 
uhowing misplaced angtes and mismatch 
of notches. (10X) 

FIG. 9 





FIGURE 12. Puddle welded and machined specimen - 4.5 X . 

FIGURE 13. Full length piece of flat steel with one welded spacer. 



FIGURE 14. Micmphotogmph of the weld orea. About 60 x, 



HEATER 

SCffEMAsT/C FLOW MGRAM 
T ' A L  CYCL/NG TEST SYSTEM -FUR GCREP - FUEL ELEMENT DEELOAWENT 
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FIG. 16 



FIGURE17. Typical sample of pin fin structures as received. 

FIGURE 18. Exposed and unexposed pTn fin samples showing results of 
2000 hr gas corrosion test. 



SHIELD TANK 
WALLp\ BORON SALT 

FIG. 19 



TABU 1 - PRODUCTION YIBLD OF # d C PLATES 

Total No. Plate 
Plates Hot Area Finishing 

Plate Size Lot Nos. Started Rejects Rejects Yield 

, (1) C-2 thru C-12 329 17 60 252 

D") (2' 0-3 thru D-5 132 2 2 128 

Footnotes 

(1) Mote plates are in process. Final yield data are unavailable as yet. 

Net X 
Yield Yield 

(Corrected for Destructive Test) 

(2) Size "D" is nowally assumed to be the most difficult to make!: 



TABLE 2 - DESCRIPTION OF HOT AREA REJECTS 

Compact Defects Rejects After Hot Rolling 
Total No. Erroneous Cracks : : Non- Laps & Surface 

Lot Numbers Rejects Weight & Defects,: .: .Homogeneous Cracks Seams Blisters Pits 

.B-2 thru B-9 15 3 2 1 1 .  2 6 - 
B-10 thru B-17 6 .- 3 - - - - 1 3 

C-2 thru C-i2 17 5 6 1 1 - 4 - 
-.-4;, *D-3 thru D-5 2. - - L, - - - - 



TAELE 3 - DESCRIPTION OF PLATE FINISHING REJECTS 

Dimensional Defects Layout and Machining Defects  --UO 
Excessive I n e r t  (1) .Outside ~ e a 6  

N u d e r  of Meat Meat Camber (After  Margin End- (2 )  Dimensions Surface  ( i n  
Lot Numbers Rejec ts  Width Length Decambering) Width Margins of P l a t e  Defec ts  HNO 2 -3 

B-2 t h ru  B-9 44 2 - - 5 6 (4) 2 .  29 ( 3 )  - 
32 12 3 B-10 th ru  B-17 - 3 - 3 11 - 

C-2 th ru  C-12 6 0 2 - 1 44 - 4 8 1 
. . 

D-3 t h ru  D-5 2.  1 

(1) , a l s o  c a l l e d  " s ide  c losure"  

(2)' . a l so  c a l l e d  "end closure" 

(3) 20 of t h e  29 were caused .by .  a non-recurr ing type  of human e r r o r  

(4) most of t h e  6 may be ",recove'red though not  wi th in  to l e rance  
. . 



TABLE 4 

PMU- 1 

GAP MEASUREMENTS AFTER RAPID THERMAL CYCLE 

Can to A Gap (Specified gap .054 t 0.004) 

2 As Assembled Bottom 

After 1, 4 and 20 cycles unable to obtain 
measurements cannot use probe without disassembly 

A to B Gap (Specified gap .097 +_ 0.004) 

As Assembled Bottom 

After 1 Cycle 

After 4 Cycles 

After 20 Cycles 



TABLE 4 (Cont'd.) 

Top 

Top 

. . B to C.  .Gap (Specified gap .044 _f 0.004) 

. ... .As::AssembPed . . Bottom 

After 1 Cycle 

After 4 Cycles 

After 20 Cycles - 

C to  D Gap (Specified gap .088 + 0.004) 

As Assembled ' ~ottoin ' . 

Akter 1 Cycle 

After 4 Cycles 
. . 

. . .  . . 
. . .  

.093 .096 .093 . . 

. UY4 .094 . U9U 

After 20 Cycles 



GAP MEASUREMENTS AFTER RAPID TIiERlrlAL CYCLE 

Can t.o A Gap (Specified gap .054 +_ 0 .004)  

Top As Assembled Bottom 

After 1, 4 and 20 cycles unable to obtain 
measurements cannot use probe. without disassembly 

A to E Gap (Specified gap .097 - f .004)  

Top As Assembled 

After 1 Cycle 

After 4 Cycles 

After 20 Cycles 

Eoottom 



TABLE 5 (Cont 'd.) 

B to C Gap (Specified gap. .044 4- - .004) 
As Assembled ' Bottom Top 

After 1 Cycle 

After 4 Cycles 
.' .: . . 

After 20 Cycles 

C to D Gap (Specified gap .088 f: ,004) 

As Assembled Bottom Top 

After 1 Cycle 

After 4 Cycles 

After 20 Cycles 




