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FORFWORD 

Tn 1963 t h e  Oak Ridge Nat iona l  Laboratory started work on a program 

t o  eva lua te  var ious  types  of r ad io i so tope  energy conversion s y s t e m s  for 

t h e  product ion of  1 t o  10 kw of e l e c t r i c  power for t e r r e s t r i a l  and under- 

s e a  a p p l i c a t i o n s .  This  program i s  be ing  c a r r i e d  out  f o r  t h e  U.S. Atomic 

Energy Commission Div is ion  of Reactor  DevPlopment and Technology and t h e  

Plraval F a c i l i t i e s  Engineer ing Command. The f i r s t  phase of t h e  program was 

a paramet r ic  and engineer ing a n a l y s i s  comparing t h e  p r i n c i p a l  i so tope  fuels 

and t h e  p r i n c i p a l  types  of energy conversion system t h a t  have been proposed 

for a p p l i c a t i o n s  of t h i s  sor t ,  and t h e  p repa ra t ion  of a set of conce-otual 

des igns  f o r  t h e  more a t t r a c t i v e  systems. That work was completed i n  t h e  

summer of 1969 and was r epor t ed  i n  R e f .  1. I n  October of 1969 ORNL was 

asked t o  proceed wi th  a d e t a i l e d  engineer ing s tudy  of t h e  t h r e e  most promis- 

i n g  systems s e l e e t e d  from those  covered i n  Phase I of t h e  program. These 

t h r e e  systems now under s tudy  are a 2-kw(e) t he rmoe lec t r i c  system, a 3-kw(e) 

steam Rankine cyc le  system, and a 5-kw(e) organic  Rankine cyc le  system. 

The f i rs t  s t e p  i n  t h e  e f f o r t  w a s  to evolve a program p lan  f o r  a th ree -  

yea r  e f f o r t  t o  b e  c a r r i e d  ou t  i n  ca lendar  years  19'70, 19'71, and 1972. The 

conceptua.1 des igns  presented i n  Task I were reexamined and p o s s i b l e  i m -  
provements were considered w i t h  p a r t i c u l a r  a t t e n t i o n  t o  t h e  d i f f i c u l t  de- 

velopment problems. A variety of engineer ing  tes ts  was considered as a 

means of eva lua t ing  t h e  technology, so lv ing  t h e  p r i n c i p a l  techni  c a l  prob- 

l e m s ,  and I n v e s t i g a t i n g  engineer ing  u n c e r t a i n t i e s  t h a t  should be reso lved  

be fo re  s e t t l i n g  on t h e  des ign  of  a pro to type  power plant. In view of t h e  

l i m i t e d  funds and t h e  d e s i r a b i l i t y  of  narrowing t h e  field to a s i n g l e  Ran- 

k ine  cyc le  system, p a r t i c u l a r  a t t e n t i o n  was given t o  t h e  r e l a t i v e  merits 

of t h e  steam and organic  Rankine cyc le  systems. 

The f i r s t  q u a r t e r  of  19'70 was devoted t o  f i rming  up  r e fe rence  designs 

f o r  t h e  t h r e e  types  of system, s e l e c t i n g  t h e  most c r u c t a l  experiments r e -  

qu i r ed  t o  eva lua te  t'ne technology, and s e t t l i n g  on a program p lan  for t h e  

three-year  e f f o r t . 2  

second quarter was t'nen devoted t o  firnz-fng up t h e  d e t a i l s  of the r e fe rence  

designs,  f i rming  up d e t a i l s  of the  experiments t o  be conducted, and ppepara- 

t i o n  of t Q p i e a l  r e p o r t s  covering the t h r e e  refeyerace designs wi th  t h e i r  

With thTs f i r s t  q i i a r t e r ' s  work as a foundat ion,  the 



i v  

a s soc ia t ed  experiments. 

t o  t h e  des ign  and cons t ruc t ion  of t h e  most urgent  experiments,  r + ~ 5  

quent q u a r t e r s  w i l l  be  devoted t o  t h e  design and cons t ruc t ion  of a d d i t i o n a l  

t e s t  equipment and t o  t es t s  designed t o  i n v e s t i g a t e  v i t a l  ques t ions  i n  t h e  

technology. A s  t h e  r e s u l t s  of t h e s e  tes ts  become ava i l ab le ,  t h e  r e fe rence  

designs w i l l  be  r ev i sed  accordingly.  The o b j e c t i v e  i s  t o  evolve by Decem- 

b e r  1972 a s e t  o f  designs f o r  two prototype power p l a n t s  wi th  a c l e a r  de- 

l i n e a t i o n  of  t h e  development program requi red  i n  each case inc lud ing  fim 

es t ima tes  of t h e  cos t  and t ime for t h e  va r ious  programmatic s t e p s .  

The t h i r d  and f o u r t h  quarters have been devoted 

Subse- 

T'nis i s  t h e  f i f t h  i n  a s e r i e s  of q u a r t e r l y  progress  r e p o r t s .  Topica l  

r e p o r t s  present  t he  work c a r r i e d  out  i n  p a r t i c u l a r  areas when key t a s k s  are  

completed. When a t o p l c a l  r e p o r t  i s  i ssued  e s s e n t i a l l y  concu-rrently wi th  

a q u a r t e r l y  r e p o r t ,  t o  avoid dup l i ca t ion  only a very  b r i e f  summary of I t s  

contents  i s  included i n  t h e  q u a r t e r l y .  
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ISOTOPE: KILOWATT PROGEPM QUARTERLY REPORT 
TOR PERIOD ENDING MARCH 31, 1971 

1. S W R Y  

The organic  capsule  te::t continued dur ing  t h e  q u a r t e r  without  an  i n -  

t e r r u p t i o n  and hafi accumulated 2180 h r  as of t h e  end of  March. 

The d e t a i l  des ign  of t h e  l / (+-scale  organic  f l u i d  eva lua t ion  loop  w a s  

completed. The h e a t  block fo rg ing  has been procured and t h e  s p e c i f i c a t i o n s  

f o r  t h e  pumps a r e  o u t  f o r  b i d s  and t h e  o rde r  i s  expected t o  be placed i n  

Apr i l ,  

A g l a s s  loop has  been b u i l t  to mock u p t h e  l/L+-scale organic  f l u i d  t e s t  

loop. Operat ion of t h i s  loop i n d i c a t e s  t h a t  good s t a r t u p ,  f l u i d  flow s ta-  

b i l i t y ,  and c o n t r o l  c h a r a c t e r i s t i c s  p r e v a i l ,  

Both s t a r t u p  and ope ra t ing  tests a t  1000 t o  1500°F were made on t h e  

h e a t  pipe.  N o  performance d a t a  were obtained because of t h e  fa i lure  of  2 

d i f f e r e n t i a l  thermopile.  A new thermopile  has been f a b r i c a t e d  and c a l i -  

b r a t  ed . 
The h e a t  p ipe  for t h e  the rmoe lec t r i c  module was completed and de- 

l i v e r e d  t o  t h e  3 M  Company on February 10. Fabr i ca t ion  of  t h e  t h e m o -  

e l e c t r i c  module a t  3 M  w a s  completed i n  March and t e s t i n g  >7as i n i t i a t e d .  

The t e s t  was stopped 9 h r  a f t e r  s t a r t u p  because of the  f a i l u r e  of two 

n i c k e l  wi re  l e a d s  t o  t h e  hea te r s .  Subsequent examination of t h e  loop  and 

chemical a n a l y s i s  of s e c t i o n s  o f  t h e  wire showed t h a t  t h e  lead broke be- 

cause of embri t t lement  by sulfur and poss ib ly  cadmium contamination, The 

t e s t  was s h u t  down pending a n a l y s i s  of se rap ings  and f i l l i n g s  taken  from 

var ious  D a r t s  of t h e  system t o  determine t h e  e x t e n t  t o  which o t h e r  parts 

might have been adve r se ly  a f f e c t e d .  

The assembly of t h e  t e s t  s e c t i o n  f o r  t h e  next  series of tes ts  on t h e  

aliuninwn w i r e  s c reen  i n s u l a t i o n  was completed. Aluminum c ~ l l o y  1100 has 

been s e l e c t e d  f o r  t h e  f u s i b l e  i n s u l a t i o n  f o r  t h e  organic  and low-tempersture 

(FbTe) the rmoe lec t r i c  u n i t s  and a n  o rde r  placed f o r  t h e  material. 

were s t a r t e d  t o  determine t h e  e f f e c t i v e  thermal  conduct iv i ty  of t h e  n lun -  

inwn sclgeen i n s u l a t i o n  as a func t fon  of pressure .  

Tes t s  



The des ign  of t h e  f u l l - s c a l e  hea t  bl-ock-shield has been completed and 

the  drawings have been s e n t  ou t  foP b ids .  

A d e t a i l e d  c o s t  breakdown and schedule  f o r  a 34 kw(th) SrT.iO3 1iea.t 

source was prepared. The cos t ,  no t  inc luding  the SrTi03, i s  about $800,000, 

This  cos t  was based on a 2 1/2 y r  program, i , e . ,  t h e  s h o r t e s t  program t h a t  

would g ive  near-minimurn costs .  

2.0  ORGANIC SYSTEM 

Capsule Tests 

The capsule  endurance tests t o  determine the  e f f e c t s  of r a d i a t i o n  a t  

600°F on t h e  r a t e  of decomposition of Dowt'nerm A have continued throughout 

t h e  q u a r t e r  wi th  no inciden.1; except  a power outage i n  January t h a t  a f f e c t e d  

t h e  e n t i r e  bu i ld ing .  A s  a consequence of t h i s  power outage t h e  temperature  

of t h e  hea t  b lock  dropped 15°F below the normal test, temperature of 600°F 

a t  which p o i n t  t h e  power was r e s t o r e d  t o  t h e  bu i ld ing .  Thus t h e r e  was no 

loss i n  e f fec t i -ve  endurance t e s t  t i m e .  The t o t a l  endurance t e s t  time a t  
t h e  end of March w a s  2180 h r .  The automatic  c o n t r o l  equipment i s  hold ing  

t h e  temperature  w i t h i n  _S 1°F. 

One-Quarter Sca le  Organic F lu id  kcompos i t ion  Test  Loop 

To supplement t h e  results froin t h e  s t a t i c  capsule  tes ts  repor ted  

above, a one-quarter  s c a l e  ve r s ion  of t,he organic  Rankine cyc le  system i s  
t o  be operated wi th  h e a t  fluxes, flow r a t e s ,  temperature  d i s t r i b u t i o n ,  

su r f ace  v o l m e  r a t i o ,  and o t h e r  p e r t i n e n t  condi t ions  as nea r ly  s i m i l a r  t o  

t h e  f u l l - s c a l e  5 kw(e) system as poss ib l e .  

Design Analysis 

The detai 'l .  des ign  a n a l y s i s  of t h e  system was completed and t h e  b a s i c  

layout  v a l i d a t e d  i n s o f a r  as it seemed reasonable  Lo do t h i s  by a n a l y t i c a l  

e f f o r t s .  Tne only major problem encountered was as soc ia t ed  wi th  bowing of 

t h e  b o i l e r  tubes i n  t h e  hea t  block as a consequence of a fundamcvltal t h e r -  

m a l  i n s t a b i l i t y  problem. This i s  induced by t h e  v a r i a t i o n  i n  temperature 

drop ac ross  t h e  v a r i a b l e  a i r  gap between t h e  b o i l e r  tube  and t h e  hea t  



block.  As Q consequence of t h i s  fundamental i n s t a b i l i t y ,  t h e  b o i l e r  tubes 

w i l l  tend to bend s o  t h a t  t h e i r  axes  w i l l  form s i n e  waves wi th  each b o i l e r  

t ube  touching t h e  hea t  block a t  i n t e r v a l s  of perhaps 2 i n , ,  f i r s t  on one 

s i d e  and then  on t h e  o the r .  This w i l l  lead t o  i r r e g u l a r i t i e s  i n  t h e  a x i a l  

and c i r c u m f e r e n t i a l  ternpel-atixre d i s t r i b u t i o n  :Along the  le.igth oP t h e  b o i l e r  

tube ,  The magnitude of t h e s e  i r r e g u l a r i t i e s  i n  temperdture w i l l  depend on 

t h e  c learance  between t h e  tube  ana t h e  h e a t  b lock  as w e l l  as on d e t a i l s  of 

t h e  i n s t a l l a t i o n  geometry. The best approach appears  t o  be t o  main ta in  

c l o s e  c o n t r o l  on t h e  c l e a r m c e s  between t h e  tube and t h e  h e a t  b lock ,  APter 

i n v e s t i g a t i n g  t h e  e f f e c t s  of' t i g h t  c learances  on t h e  c o s t  of t h e  equipment 

it was decided t o  hold t h i s  c learance  t o  0.005 t o  0.01A i n .  This will be 

accomplished by t a c k  welding six 0.005 i v l .  OD wires t o  t h e  tube OD so  t h a t  

t hey  run l o n g i t u d i n a l l y  at 6(3 deg i n t e r v a l s  a long  t h e  l eng th  of t h e  heated 

s e c t i o n .  

Glass Loop 

E f f o r t s  t o  anal-yze t h e  b o i l i n g  flow s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  

proposed system and a l s o  t h e  performance of t h e  vapor  s e p a r a t o r  i nd ica t ed  

t h a t  t h e  system ciesipn as l a i d  out on paper i s  sound. However, t h e r e  are 

s o  many f a c t o r s  involved t h a t  it seemed d e s i r a b l e  t o  i n v e s t i g a t e  the  b o i l -  

i n g  flow s t a b i l i t y  problems i n  a g l a s s  loop t h a t  would give good simula- 

t i o n  of t h e  two-phase flow c h a r a c t e r i s t i c s  of t h e  hot  Dowthemi Loop. It 
may be  noted t h a t  it was found emjnent ly  worthwhile under t h e  MPRE Program 

t o  b u i l d  g l a s s  loops and ope ra t e  them wi th  e i t h e r  water o r  Freon t o  mock 

up t h e  b o i l i n g  potassium systems of t h e  b o i l i n g  potassium space r e a c t o r  

program. A s  a matter o f  f a c t ,  t h i s  was done on every system except t h e  

f i rs t ,  and no d i f f i c u l t i e s  w i th  b o i l i n g  flow s t a b i l i t y  were experienced 

except  i n  t h e  f i r s t  s j s tem.  I n c i d e n t a l l y ,  i n  t h a t  system t h e  d i f f i c u l t i e s  

were reso lved  only a f t e r  z g loss  loop was f i n a l l y  built s o  t h a t  t h e  i n -  

s t a b i l i t j  d i f f i c u l t i e s  could be understood proper ly ,  

The glass  loop was completed and shakedown t e s t i n g  i n i t i a t e d  January 

28. Resul t s  were very  encouraging; t h e  vapor s e p a r a t o r  func t joned  very  

s a t i s f a c t o r i l y ,  and t h e r e  was e x c e l l e n t  decoupling of t h e  flow i n t o  t h e  

vapor s e p a r a t o r  from t h e  b o i l e r  tubes.  There were no s i g n s  of coupl ing 
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between tubes when t h e r e  were surges  i n  l i q u i d  flow i n  one tube  o r  another  

under s t a r t u p  and ].ow power opera t ing  condi t ions .  The l i q u i d  flow through 

t h e  condenser followed t h e  p a t t e r n  envisioned i n  t h e  design,  and thus  

should g ive  no d i f f i c u l t y  wi th  su-bcooling. 

The gla-ss model of t h e  1 /4-sca le  orgaziic b o i l e r  w a s  operated for about 

10 days and then  had a forced  shutdown caused by t h e  f a i l w e  of one of t h e  

gl.ass b o i l e r  tu'oes. T'ne tube  broke i n  t h e  curved vapor ri.ser s e c t i o n  while  

ope ra t ing  a t  a system pressure  of 18 psig.  

opera t ing  condi t ions  t h e  b o i l e r  showed very  s t a b l e  performance wi th  no 

feedback of flow pu l sa t ions  between b o i l e r  tubes and no tendency f o r  l i q u i d  

flow r e v e r s a l  i n  the vapor riser. Vapor q u a l i t y  c a l c u l a t i o n s  from low 

power d a t a  i n d i c a t e  t h a t  t he  boi le r -vapor  sepa ra to r  system should achieve 

about .the des i r ed  vapor q u a l i t y  a t  fu1.l. power. Since b e - t t e r  simudation of 

t h e  Dowtherrn flow c h a r a c t e r i s t i c s  can be achieved by ope ra t ing  t h e  Freon 

113 a t  a p res su re  of about 25 ps ig ,  i t  w a s  decided -to r ep lace  t h e  g l a s s  

tubes wi th  metal tubes t o  i n s u r e  more r e l i - ab le  ope ra t ion  Cor the  remainder 

of t h e  t e s t s ,  A s h o r t  g l a s s  s e c t i o n  was r e t a ined  a t  t h e  .top, 

Under s t a r t u p  and low power 

The metal. b o i l e r  tubes  were i n s t a l l e d  and ope ra t ion  was resumed. 

Boi l ing  hea t  t r a n s f e r  tes ts  t o  determine t h e  e x i t  q u a l i t y  from t h e  b o f l e r  

tubes were i n  progress  a t  the end of t he  q u a r t e r .  Boilejr heat; i npu t  and 

subcool ing of t h e  condensate w i l l  be var i ed  t o  provide information on t h e  

boiI.er performance over a wide range of condi t ions .  The flow s t a b i l i t y  

o f  t h e  b o i l e r  tubes w i l l  b e  t e s t e d  by applying d i f f e r e n t  hea t  input  rates 

t o  the t h r e e  b o i l e r  tubes  and observing i f  t h e r e  i s  any e f f e c t  on t h e  per- 

formance of one tube  by another .  

D e t a i l  Design 

The d e t a i l  des ign  drawings f o r  t he  1/4-scale  t e s t  loop have been com- 

p le ted .  The drawings along wi th  a rough d r a f t  o f  t h e  design r e p o r t  and a 

Q u a l i t y  Assurance Program Flan  have been submit ted t o  t h e  O W L  Q u a l i t y  

Assurance group f o r  t h e i r  review and approval .  
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Fab r i ca ti on 

The hea t  block f o r  t h e  t e s t  has been rece ived  and t h e  support  s t r u c -  

tuse f o r  t h e  b lock  has been f a b r i c a t e d .  The s t a i n l e s s  s t e e l  p ipe  for t h e  

boil.er tubes  has  been rece ived  and inspected.. Tne OD of t h e  tubes was 

found t o  be 1.050 I 0.001 i n .  With t h e  OD f ixed ,  t h e  tu'oe holes  i n  t h e  

h e a t  block were s p e c i f i e d  t o  have an I D  of 1.06'7 t 0.001 i n ,  and t h e  d r i l l s  

were ordered.. This  w i l l  provide a uniform, accu.rately d.etermined d i ame t ra l  

c learance  s o  t h a t  t h e  t e s t  data f o r  t h e  temperature  drop ac ross  t h i s  gap 

wi.1.l be  as meaningfu.1 as poss ib l e .  

F igure  1 shows one of t h e  four SrTi03 capsules  f o r  -the loop tes t .  The 

foi i r  capsu.les w i l l  b e  s tacked  i n  a l / & t n .  diam ho le  i n  t h e  c e n t e r  of t h e  

h e a t  b lock  and w i l l  con ta in  a t o t a l  of 90 t o  100 c u r i e s  of Sr!:'103. This 

-will give  a dose ra te  a t  t h e  b o i l e r  tubes  of 10 to 15 rad/hr .  

Procurement of t h e  pumps has been i n i t i a t e d  and f a b r i c a t i o n  of t h e  

h e a t  b lock  i s  underway i n  a l o c a l  shop. 

3.0 THEFNOEUCTRIC SYSTEM 

Heat Pipe Tes t s  

D i f f i c u l t y  was experienced i n  t h e  h e a t  p ipe  t e s t  e a r l y  i n  January as 

a consequence of absorbed. mois ture  i n  t h e  t h e m a l  i n s u l a t i o n .  This mois- 

t u r e  was d r iven  out  of t h e  t h e m a l  - insulat ion a t  t h e  ho t  end and condensed 

i n  s u f f i c i e n t  q u a n t i t i e s  around t h e  h e a t e r  wires a t  t h e  cold. end of t h e  

ca lo r ime te r  so  t h a t  s h o r t i n g  of t h e  e l e c t r i c  power l eads  occu.rred. The 

problem was co r rec t ed  by opening t h e  r i g  'up, d ry ing  it out thoroughly by 

h e a t i n g  under a vacuum, and reassembling a f t e r  the  new 1ead.s were repa i red .  

The des ign  of t h e  ca lo r ime te r  t o  be used by 3 M  for t e s t i n g  t h e  f u l l - s c a l e  

t hemoe  l e  c t  ri  c modiile w a s  r evi s ed accord ingly  . 
Tae h e a t  p ipe  has operated s u c c e s s f u l l y  a t  temperatures  ranging from 

1.000 t o  1500°F. No performance d a t a  were obtained dur ing  t h e s e  ru.ns be- 

cause of t h e  f a i l u r e  of a d i f f e r e n t i a l  thermopile  e a r l y  i n  t h e  t e s t .  A 
nev t h e  rmopi. l e  was f ab ri c a t  ed , c a l i b r a t e d  and i. ns t a l l e d  . 

A series of s t a r t u p  tes ts  were mu.de t o  get t h e  "feel '1 of  t h e  system 

p r i o r  t o  s t a r t j . n g  t h e  heat p ipe  the rmoe lec t r i c  module a t  314 Company i n  
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Fig .  1. SrTiOa Source for l/k-Scale Test. Loop. 
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Ma~ch. No q u a n t i t a t i v e  d a t a  on h e a t  t r a n s  f e r  performance were obtained 

h u t  the fol lowing qi.mli . tat ive observa t ions  on s t a r t u p  ra te  ~ 7 e r e  iiiade : 

1. The ca lo r ime te r  h e a t  si.-& i s  too  c l o s e l y  coupled t o  t h e  h e a t  p ipe  

t o  allow t h e  hea t  p ipe  t o  be s t a r t e d  unless  t h e  ca lo r ime te r  i s  heated 

ai?i~fe the  ~ ~ ~ l t l n g  pOi.nt, Of pOtaSsi.u1Il (lA6'FjO 

2. Once t h e  calorri.meter i s  S O  heated,  it i s  p o s s i b l e  to apply f u l l  

power ( 4 * 5  kw) to the h e a t e r s  t o  e f f e c t  a s t a r t u p  w-ithout overhea t ing  

the evapora tor  s e c t i o n  of t h e  h e a t  p ipe .  

T n e m o e l e c t r i  c Module 

F a b r i c a t i o n  of  t h e  hea t  pipe-ni.ck.el s l eeve  assembly was completed and. 

i;he h e a t  p ipe  was loaded wi th  '75 g of potassium. The loading procedures 

Were e s s e n t i a l l y  t h e  same as those  followed i n  loading  t h e  f i r s t  h e a t  pi-pe. 

A f t e r  t h e  "wet t ing-in"  per iod t h e  hea t  p ipe-n icke l  s l e e v e  assembly was 

placed ii1 a v&cu~m furnace  and heated t o  500°C f o r  24 hr .  During t h i s  

t:Eme, hydrogen t h a t  may have diffused. i n t o  t h e  h e a t  p ipe  dur ing  t h e  load-  

ing and "wet t ing- in"  opera t ions ,  would  tend t o  d i f f u s e  back out  of  t h e  

hea t  pip?.  

The h e a t  pi-pe-nickel s l eeve  assembly was de l ive red  t o  3 M  Company on 

February 10, 1971 f o r  assembly of t h e  the rmoe lec t r i c  junction:; t o  form 

the  ccmplete module. A t  t h . a t  t i m e  ORNL and 3 M  Company r e p r e s e n t a t i v e s  

made f i n a l  arrangements f o r  t h e  assembly and s t a r t u p  of t h e  t e s t  module 
us ing  t h e  ca lo r ime te r ,  s h i e l d  can, e l e c t r i c  hea te r s ,  and. o t h e r  t e s t  equip- 

ment supLilied by ORNTL. 

E 6 t irria t e (3 Perf  o m a n  c e 

In planning t h e  d e t a i l s  of t h e  test program, informat ion  was obta ined  

. f m m  3M an the h e a t  capac i ty  arid hea t  load. f o r  t h e  the rmoe lec t r i c  module 

as a function of  hot arid. cold , junction temperatures .  'The z f f e c t i v e  h e a t  

capac i ty  o f  t h e  the rmoe lec t r i c  module i s  about, l . 3  Btu/"F r e l a t e d  t o  t h e  

h o t  Junctioi:t t e rngemt i re .  T 'n l s  va lue  t akes  a,ccoimt o f  t h e  a n t i c i p a t e d  

texpera , ture  g rad fen t  through t h e  the rmoe lec t r i c  module. T3.bl.e 1 lists t h e  

predicted. heal; loads as ;3 func t ion  of t h e  hot JimctLon temperature  f o r  

eo:i.d- ; j unc t ion  temperatures  of 1-50 to 300°F. These a ~ m l ~ r s  are  hased on 
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Table 1. Predic ted  Heat Requirements f o r  t h e  
Thermoelectr ic  Module as a Function 

of Hot Junc t ion  Temperature 

Heat Requirements 
(Watts ) 

Hot Junc t ion  
Temperatwe Cold Ju.nction Cold Junc t ion  

Temperatwe Temperature (OF) 

( i . 5 0 " ~ )  (500°F) 

300 
400 
500 
600 
700 
800 
900 
1000 
1.100 
1200 
1300 

44 0 
'160 

1063 
1370 
1681 
1993 
2305 
2620 
2947 
3302 
3716 

591 
89 I 

1502 
181.4 
2133 
2471 
2 843 
3 277 

119.?t 

t h e  assumption t h a t  t h e  the rmoe lec t r i c  module would be e l e c t r i c a l l y  loaded 

dur ing  t h e  heat-up. I f  no e l e c t r i c a l  load i s  applied,3M es t ima tes  t h a t  

t h e  hea t  requirements would be  20% l e s s .  

Tne r e l a t i o n  between vol tage  and cu r ren t  as est imated by 3 M  i s  shown 

i n  Fig. 2 f o r  t h e  beg tnn ing-o f - l i f e  condi t ion  a long  wi th  curves f o r  t h e  

n e t  power output  and t h e  hot  j unc t ton  temperature.  An a d d i t i o n a l  I - V  

curve i s  also shown f o r  a consta,nt ho t  juncti.on temperature  of 1000°F. 

Note t h a t  t h e  ho t  j unc t ion  temperature  v a r i e s  about  300°F i n  changing t h e  

e l e c t r i c a l  load from ze ro  'LO t h e  s h o r t - c i r c u i t e d  conditi.on wi th  a cons tan t  

hea t  i npu t .  This i n d i c a t e s  t h a t  it w i l l  be necessary  t o  maintain a n  e l e c -  

t r i c a l  load on t h e  module dur ing  endurance tes ts  t o  avoid excessi-ve hot  

j unc t ion  temperatures ,  i. e. , temperatures  above 1050°F. 

Figure 3 shows a s i m i l a r  s e t  of cumes  f o r  .the end-o f - l i f e  condi t ion,  

and Fi.g. 4 shows t h e  e f f e c t s  of operating t i m e  on t h e  output  of t h e  module 

f o r  a cons tan t  va1u.e of 24 v o l t s  a t  t h e  te rmina ls .  
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Module Tes t  

On 'March 3, 1971, I). R. Lloyd of ORNL v i s i t e d  t h e  3 M  Company t o  assist 

i n  s t a r t i n g  up t h e  h e a t  p ipe- thermoelec t r ic  genera tor  assembly. A t  6 :00 

a . m . ,  March 5 t h e  system t e s t  w a s  s t a r t e d ,  The t e s t  s e t u p  i s  shown sche- 

i l ia t ical ly  i n  Fig. 5. Before s t a r t i n g  t h e  hea t  plpe,  t he  temperature  o f  

t he  e n t i r e  system was r a i s e d  above t h e  mel t ing  po in t  of  potassium ( l 4 6 " F )  

t o  reduce t h e  load on t h e  hea t  pipe during s t a r t u p .  

appl ied  t o  t h e  i n t e r n a l  h e a t e r s  and t h e  hea t  p ipe  w a s  s t a r t e d  without  

d i f f i c u l t y .  The 3 M  Company had ear l ie r  i n d i c a t e d  t h a t  t h e  temperature  of 

t h e  hot  j unc t ion  shou-ld be  r a i s e d  t o  1200°F wi th in  an  hour a f t e r  s t a r t i n g  

t h e  system. This proved t o  he impossible  because t h e  power supp1.y w a s  

inadequate.  

Power (-2 kw) was 

While t h e  temperature  of t h e  system was s t i l l  climbing about t h r e e  

hours af ter  t h e  s t a r t u p ,  theye w a s  a s t e p  decrease i n  t h e  maximum i n p u t  

power l e v e l  frorn 2 .7  t o  2 . 2  kw. It was surmised (and l a t e r  determined)  

t h a t  a l ead  t o  one of t h e  i n t e r n a l  h e a t e r s  had f a i l e d .  From t h i s  po in t  

on, temperatures  i n  t h e  system began t o  drop s lowly u n t i l  t h e  temperature 

a t  t h e  condenser end of t h e  h e a t  p ipe  was about 1100°F. 

A t  t h i s  poi.nt it appeared t h a t  a second h e a t e r  (of t'nree) had f a i l e d  

and t h e  dec i s ion  was made to s h u t  down t h e  system, allow it t o  cool,  and 

then  check t h e  h e a t e r s  and wir ing  t o  deteimine t h e  cause o f  t h e  t roub le .  

When t h e  s h i e l d  can was removed it w a s  d iscovered t h a t  t h e  n i c k e l  

l e a d  wires  t o  t h e  i n t e r n a l  h e a t e r s  had become seve re ly  embr i t t l ed  and two 

had broken. 

power.) 

i n s u l a t i o n  next  t o  t h e  s h i e l d  can. 

(The broken l ead  accounted f o r  the sudden decrease  i n  inpu t  

A yellow depos i t  had a l s o  fornied on t h e  s u r f a c e  of t h e  microquartz 

A t  t h i s  t ime t h e  3 M  Company informed ORm t h a t  rather than  holding 

t h e  two halves  of t h e  clamshel l  h e a t e r s  t oge the r  w i th  n i c k e l  o r  nichrome 

wi re  (as reques ted)  t hey  had s u b s t i t u t e d  hose clamps. Unfortunatel..y, i n  

t h i s  case t h e  a d j u s t i n g  screw and screw housing on t h e s e  clamps w a s  cad- 

m i u m  p la ted .  The h igh  temperature encountered dur ing  t h e  s t a r t u p  caiised 

t h e  cadmi-um p l a t i n g  t o  evaporate  from t h e  hose clamp screws. and condense 

on coo le r  po r t ions  of t h e  equipment. 
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A t  our reques'i 3 M  forwarded t o  ORNL samples of (1) t h e  embri-t-tled 

n i c k e l  lead  wire, 

microquartz  i n s u l a t i o n  wi th  the yellow depos i t .  

( 2 )  unused n i c k e l  wi re  from t h e  same l o t ,  and (3) t h e  

When 3 M  personnel  disassembled t h e  equipment they  d id  not keep t r a c k  

of where each of  t h e  p ieces  of w i r e  and i n s u l a t i o n  01" t h e  hose clamps came 

from, i n  f a c t ,  t hey  discarded a l l  b u t  a f e w  inches of Lhe n i c k e l  wi re  and 

a s m a l l  amount of t h e  i n s u l a t i o n .  

Pre l iminary  results of t he  a n a l y s i s  of t h e  samples a t  ORNL ind ica t ed  

t h e  fol lowing:  

A. I n s u l a t i o n  - t h e  yellow depos i t  contained both  sulphur  and cad- 

(Cadmium s u l f i d e  i s  a yell.ow sub- 

There was no evidence of cadmium any- 

mi.um i n  roughly equal  concent ra t ions .  

s t ance  commonly used as a pigment. ) 
where i n  t h e  i n s u l a t i o n  except i n  t h e  yellow depos i t s ,  Sulphur w a s  found 

throughout t h e  i n s u l a  t i on . 
B. Ni.ckel wire  - t h e  unused w i r e  showed no evidence of cadmium and 

had about 200 ppm sulphur. The embr i t t l ed  wire had 1000 ppm sulphur  and 

a l s o  had a s u r f a c e  contamination of cadmium. 

Af te r  t h e s e  r e s u l t s  were obtained OKNL requested 3 M  t o  send a sample 

of  unused microquartz  and, i.f possible, o b t a i n  scrap ing  o r  f i l i n g s  from 

t h e  h e a t  p ipe-n lcke l  s l eeve  assembly t h a t  would permit a b e t t e r  apprai-sal  

of t h e  s e v e r i t y  of t h e  sulphur  contamination. 

The primary concern was t h e  in t eg r i - ty  of t h e  weld l i p  on t h e  n i c k e l  

s l eeve  (Fig. 6 ) .  If t h i s  were embr i t t l ed  and should f a i l ,  t h e  p r o t e c t i v e  

atmosphere p re sen t ly  i n s i d e  t h e  the rmoe lec t r i c  genera tor  would be l o s t .  

The 3 M  Coinpany s t a t e d  t h a t ,  i n  t h e  event  of a containment fa i lure ,  t h e  

system could be operated s a t i s f a c t o r i l y  i f  a b l anke t  of pure argon were 

maintained arroiind t h e  the rmoe lec t r i c  elements.  

t i v e  f o r  t h e  genera tor  r equ i r e s  t h a t  extremely low l e v e l s  of oxygen and 

water vapor be  maintained i.n t h e  argon, j u s t  how low i s  not  y e t  c l e a r .  

To make it poss ib l e  t o  main ta in  t h e  gas b l anke t  a va lve  w i l l  b e  i n s t a l l e d  

I n  a pinched off gas f i l l  tube  t h a t  pro t rudes  from t h e  t o p  of t h e  genera- 

t o r "  

The 10,000 hr t e s t  ob j e c -  

I n  view o f  t h e  p o t e n t i a l l y  s e r i o u s  consequences, 3M was yequested t o  

de lay  reassembly pending a d e t a i l e d  chemical and m e t a l l u r g i c a l  a n a l y s i s .  
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4.0 'TYERMAL FUSE AND INSULATION 

The assembly of t n e  t e s t  s e c t i o n  f o r  t h e  next  series of t e s t s  on t h e  

o r i g i n a l  aluminum a l l o y  ( a l l o y  5056) wire  sc reen  was completed. 

rod and t h e  a luminm wire  sc reen  specimen, a long wi th  t h e  thermocouples, 

were mounted on t h e  t o p  head of t h e  vacuum tank.  The e n t i r e  assembly was 

placed i n  t h e  vacuum tank f o r  t e s t i n g ,  a f t e r  f i n a l  checkout, e a r l y  i n  

March. Thermal conduct iv i ty  measurementsare i n  progress .  Tes t s  are  being 

performed a t  pressures  from 0.02 mm Hg abs t o  atmospheric pressure .  Men- 

surements a t  0 . 1  p s i a  have been completed and pre l iminary  a n a l y s i s  of t h e  

d a t a  i n d i c a t e s  t h a t  t h e  thermal  conduct iv i ty  a t  'chis pressure  i s  about 

7 5 s  of t h e  thermal. conduct iv i ty  a t  atmospheric pressure .  

a l y s i s  of t h e  d a t a  should be  completed dur ing  Apr i l .  

The h e a t e r  

Tes t ing  and an- 

The new aluminum a l l o y  f o r  t he  w i r e  s c reen  has been s e l e c t e d  and a n  

order  has been placed f o r  t he  screen  m a t e r i a l  f o r  subsequent t es t s .  The 

a l l o y  s e l e c t e d  i s  designated a l l o y  1100 i n  the  Alcoa Aluminum Handbook and 

has a chemical composition w i t h i n  t h e  fol lowing l i m i t s  : 

Mat e r i al 
S i l i c o n  p lus  i r o n  (max) 
Copper (max) 
Manganese (max) 
Zinc (iiiax) 
Other elements 

Each 
T o t a l  

Aluminum ( m i  n ) 

Pe r c e n t  

1.0 
0.20 
0.05 
0.10 

0.05 
0.15 
99.00 

Alloy  1100 has a mel t ing  range of 1190 t o  1215°F. 

woven of  w i r e  of 0.011 i n .  diam on a mesh of  16 X 16 wires pe r  inch.  De- 

l i v e r y  of t h e  new material  was scheduled f o r  about Apri.1 15. 

The screen  w i l l  be  

5.0 HEAT B1X)CK-SHIELD DESIGN 

The des ign  o f  t h e  f u l l - s c a l e  hea t  b lock-sh ie ld  has been completed. and 

has been s e n t  ou t  for b ids .  The b a s i c  l ayou t  i s  shown i n  Fig. 7. The 

major desi-gn d e t a i l s  a r e  given i n  Table 2. The des ign  of a n  e1.ectrf.c 

h e a t e r  t h a t  wi.l .1 be used t o  s imula te  t h e  i so tope  hea t  sources i s  underway. 

The h e a t e r  w i l l  be  designed t o  ope ra t e  for s h o r t  per iods a t  a cladding 
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Table 2. Design and Dimensional Data f o r  t h e  
Ful l -Sca le  Heat Block-Shield T e s t  

Mat e ri a 1 
Diameter 

P in  root ,  i n .  
F in  t i p ,  i n .  

Height,  i n .  
Number of f i n s  
F in  he igh t ,  i n .  
F in  th ickness ,  i n .  
Holes f o r  organic  b o i l e r  tubes 

Numb e r 
Diameter, i n .  
Length, i n .  
Bol t  c i r c l e ,  i n .  

Number 
Diameter, i n .  
Length, i n .  
Bol t  c i r c l e ,  i n .  

Number 
Diameter, i n .  
Length, i n .  
Cen te r l ine  spacing,  i n .  

Holes for t he rmoe lec t r i c  h e a t  p ipes  

Holes f o r  e l e c t r i c  h e a t e r  

Heat b lock-sh ie ld  assembly shipping weight 
without  h e a t e r ,  lb 

1010 s t ee l  

35.5 
AO. 5 
60 
45 
2.5 
0.5 

12 
1.067 
55 
31 

12 
1.098 
55 
21.25 

7 
4.153 
50.25 
5.68 
15 , 800 

temperature  of 2000°F. The c lad  w i l l  be f a b r i c a t e d  from 310 s t a i n l e s s  

s t e e l  and t h e  h e a t e r  element from Nichrome V. The e l e c t r i c  h e a t e r  i s  
be ing  designed t o  g ive  t h e  same hot  dimension as t h e  i so tope  h e a t  source.  

The purpose of t h e  h e a t  b lock-sh ie ld  t e s t  i s  t o  determine the  t e m -  
pe ra tu re  s t r u c t u r e  of t h e  h e a t  b lock - sh ie ld  u n i t  f o r  t h r e e  major c l a s s e s  

of opera t ion .  These c l a s s e s  inc lude  shipping,  normal opera t ion ,  and a 

loss-of -coolen t  acc iden t .  

A f u l l - s c a l e  s t e e l  h e a t  b lock-sh ie ld  w i t h  e l e c t r i c  h e a t e r s  t o  simu- 

l s t e  t h e  f u e l  capsules  w i l l  be  used t o  a l low t h e  de te rmina t ion  of t h e  t e m -  
p e r a t u r e  s t r u c t u r e  under  va r ious  methods of opera t ion .  A tot ,a l  of seven 

h e a t e r s  w i l l  be used. The h e a t e r s  w i l l  be c l ad  wi th  310 s t a i n l e s s  s t e e l  

t o  allow opera t ion  a t  2000°F i n  a i r .  The h e a t e r  c l ad  w i l l  be 4.090 i n .  



OD by L+O.3 i n .  long. i%rie hea te r s  w i l l  be loca t ed  i n  t h e  c e n t e r  of t h e  

b lock  i n  seven 4.153-in.  OD holes  i n  a hexagonal a r r a y  wi th  a web t h i c k -  

ness of 1 .5  i n .  The h e a t e r s  w i l l  be s i zed  t o  d e l i v e r  5.67 kb7 each, which 

w i l l  al low t h e  s imula t ion  of bo th  SrTi03 fuel .  t h a t  r equ i r e s  seven elements 

t o  d e l i v e r  t h e  des ign  power of 34 kw and SrF2 f u e l  which r equ i r e s  only 

s i x  elements t o  d e l i v e r  t h e  design power.. 

The block w i l l  have twelve 1.067-in.  I D  x 55-in.  deep boiI.er tube 

holes  I-ocated on a c i r c l e  having a diameter  of 31 i n .  a,nd twelve 1,008-in.  

I D  x 55-in. deep the rmoe lec t r i c  heiilt pipe  holes  loca t ed  on a diameter of 

21.25 i n .  The hea t  b lock-sh ie ld  wil.1. be 3 5 . 5  i n .  OD by 59.75 i-n. long wi th  

45 f i n s .  The f i n s  w i l l  be  0 . 5  i n .  t h i c k  by 2.5 i n .  ’nigh. The block wi1.1 

be supported by a s t a i n l e s s  s k i r t  0 .25 i n .  t h i c k  by 11 i n .  long a t tached  

t o  a 48-in. x 1 . 5 - i n .  i r o n  p l a t e  t h a t  s imula tes  .the bottom e l i p t i c a l  head 

(see Figo  7). The low t‘nermal conduct iv i ty  of t h e  s t a i n l e s s  s t e e l  w i l l  

reduce t h e  h e a t  loss, and i t s  good s t r e n g t h  a-t 1100°F avoids  d i f f i c u l t y  

wi th  creep. Figure 7 shows t h e  1ocatl.on of t h e  fu-s ib le  i n s u l a t i o n  r e l a t i v e  

t o  t h e  heat, b lock-sh ie ld .  

The temperature  d f s t r i b u t i o n  w i l l  be obtained from thermocouples a t -  

tached t o  t h e  h e a t e r  element c ladding and from thermocouple probes t h a t  

wi.11 be i n s e r t e d  i n  holes  loca t ed  r ad i - a l ly  a t  -the top,  bottom, and mid- 

plane of  t he  h e a t e r  elements.  Addi t iona l  ho les  f o r  thermocouple probes 

wi1 .1  be  loca t ed  a x i a l l y  between t h e  cen te r  h e a t e r  element and t h e  s i x  

o u t e r  elements.  The holes  f o r  t h e  b o i ~ l e r  tu’ues w i l l  a l s o  be used f o r  tern- 

pe ra tu re  probes. 

The Lest t o  determine t h e  temperature  s t r u c t u r e  during sh ipping  w i l l  

c o n s i s t  of two main p a r t s .  One concerns t h e  temperatiure dur ing  normal 

shipping,  i. e. ,  i n  an upr ight  p o s i t i o n  w i t h  t h e  shi.eld ba re  l o s i n g  h e a t  

t o  t h e  aiiibient a i r  by r a d i a t i o n  and convection. The second p a r t  of t h e  

sh ipping  t e s t  w i l l  cons ider  a case i n  which an  acc ident  has caused t h e  

b lock  t o  be t m n e d  on i t s  s i d e  and r e s t i n g  on sandy- s o i l .  For each of 

t h e s e  -tests t h e  b lock  temperature  s t r u c t u r e  w i l l  b e  determined. 

The t empera twe  s t r u c t u r e  w i l l  be  obtained for riormal operati-ng con- 

d i t i o n s  w i t h  t h e  hea t  b lock-sh ie ld  ou t s ide  dj-ameter maintained a t  a tem- 

pe ra tu re  of approximately 800°F. The temperature  w i l l  be  maintained by 
t h e  iise of a 48-in. diam radiation shi.eld extending t h e  full l eng th  of t h e  

block. 
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The temperature  s t r u c t u r e  f o r  .the loss -of -coolan t  acc iden t  case  w i l l  

be  obtained wi th  t h e  f u s i b l e  i n s u l a t i o n  i n s t a l l e d ,  The block ends w i l l  
b e  i n s u l a t e d  t o  s imula te  the  conditi-ons t h a t  would e x i s t  i n  a p re s su re  

v e s s e l ,  Tine temperature  s t r u c t u r e  i n  t h e  b lock  w i l l  b e  o b t a h e d  as well 

as t h e  h e a t e r  element c lad  temperature  corresponding t o  t h e  maximum t e m -  
pe ra tu re s  reached during t'ne meltdown of t h e  f u s i b l e  i n s u l a t i o n .  

The t o t a l  h e a t  loss from t h e  u n i t  wi th  t h e  f u s i b l e  i n s u l a t i o n  i n  

p lace  i s  est imated t o  be 3.3 kw when t h e  block su r face  temperature  i s  

800°F. The t o t a l  weight of  t h e  u n i t  i s  approximately 17,500 Ih, and i t s  

h e a t  capac i ty  i s  2100 Btu/"F. 

decrease  i n  t h e  average metal temperature without  hea t  being suppl ied  i s  

5.3"F/hra 

wi th  backup temperature p r o t e c t i o n  i n  case  t h e  u n i t  exceeds OUT p re - se t  

value.  Ins t rumenta t ion  and con t ro l s  w i l l  also be  provided t o  prevent  dam- 

age o r  overheat ing t h a t  might be caused by a s h o r t  i n  t h e  h e a t e r s  o r  be- 

tween t h e  h e a t e r s  and t h e  h e a t e r  cans. Temperatures w i l l  be recorded on 

s t r i p  c h a r t  record ing  potent iometers  and s e l e c t e d  temperatures w i l l  be  

recorded by t h e  Dext i r  d a t a  c o l l e c t i o n  system. 

A t  normal ope ra t ing  condi t ions  t h e  ra te  of 

The con t ro l s  f o r  t h e  power inpu t  w i l l  b e  a simple on-off system 

6.0 FUEL FABRICATION 

A cos t  estimate has been made for t h e  f a b r i c a t i o n  and encapsula t ion  

of  a 34 kw(th)  (beg inn ing-o f - l i f e )  "SrTi03 source f o r  t h e  i so topes  k i l o -  

w a t t  program. The estimate was based on c o s t s  as of January 1, 1971 on a 

f u l l - c o s t  recovery b a s i s ,  and inc ludes  the  cos t  of Pabr i ca t ion  of t h e  

'OSrTi03 p e l l e t s ,  p repa ra t ion  f o r  and i n t e r i m  s torage ,  t r a n s f e r  and hand- 

l i n g ,  capsule  material procurement and f a b r i c a t i o n ,  loading,  welding, and 

i n s p e c t i o n  of t h e  completed capsules .  The development program inc ludes  

w r i t i n g  material procurement s p e c i f i c a t i o n s ,  development of capsule  com- 

ponent and f a b r i c a t e d  capsule  inspecti-on procedures , and welding pro- 

cedures f o r  t h e  capsule .  The estimate does not  ine lude  t h e  cos t  of t h e  

90Sr or i t s  processing,  nor does i.t i nc lude  any e s c a l a t i o n  f o r  i nc reases  

i n  t h e  "cos t  o f  l i v i n g , "  

ever .  ) 
normal o r  " rout ine"  q u a l i t y  assurance  program normally performed on 

(An example of e sca l a t ed  c o s t s  i s  given, how- 

Thi.s e s t ima te  a l s o  does not  inc lude  q u a l i t y  assurance beyond t h e  
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r ad io i so tope  power 

a d d i t i o n a l  q u a l i t y  

estimates. 

sources  (e. f;. , SNAP 21 and SNAP 23 programs ). 
c o n t r o l  programs would, of course, i-ncrease t h e  cos t  

Any 

The program as proposed i s  a 2 l / 2  y e a r  program and i s  based on i t s  
be ing  performed i n  t h e  F i s s i o n  Products  Development Laboratory (F'PDL) and 

t h e  Source Developnent Laboratory (SDL) a t  ORNL. A 2 1/2 yea r  program i s  

r equ i r ed  t o  a l low f o r  s t a b i l i z e d  long-term schedul ing oT opera t ions  a t  

t h e  F'PDL wi th  minimum i n t e r f e r e n c e  wi th  o t h e r  commitments and a n t i c i p a t e d  

requirements  of t h e  f a c i l i t y ,  y e t  provides  a, base - l ine  of work t o  main ta in  

ope ra t ions  i n  a continuous fash ion .  Continuous ope ra t ion  results i n  a n  

o v e r a l l  c o s t  savings t o  t h e  customer. 

Costs and manpower requirements  are broken down i n t o  two groups: 

development and t h e  a c t u a l  f a b r i c a t i o n  cos t s .  The development c o s t s  would 

be nonrecurr ing  c o s t s  a s s o c i a t e d  w i t h  t h e  b u i l d i n g  o f  t h e  f i r s t  un i t .  

Table 3 i s  a cos t  breakdown by fiscal year .  Table 4 i s  a manpower break-  

down by fiscal year .  F i s c a l  year  3 i n  t h e  tables is  t h e  one-half yea r  of 

t h e  2 1/2 yea r  program. 
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Table 3. Cost Breakdown by F i s c a l  Year t o  Produce 
a 34 kw(th)  9oSrTi.03 Source i n  the ORNL F i s s i o n  

Products Development Laboratory 

FY 1 FY 2 FY 3 T o t a l  

Fabr i ca t ion  Costs 

Operat ing l a b o r  and m a t e r i a l  
Source f a b r i c a t i o n  $165,000; $109,000 
Capsule f a b r i c a t i o n  29,000 22,000 

Capital-  equipment 
C Recurring 

Nonrecurring 

Sub t o t a 1 

26,000 
69,000 

$289,000 $131,000 

kvelopment  Costs 

Operat ing l a b o r  and material 

Source f a b r i c a t i o n  $ 50,000 $ 55,000 
development 

development' 
Capsule f a b r i c a t i o n  87,000 30,000 

C a p i t a l  equipment 

Sub t o t a 1 

T o t a l  

7,500 2,500 

$142,500 $ 87,500 
$c,3l., 500 $218,500 

$ 99,000 
23,000 

m' 

$ 25,000 

$147,000 

$373,000 
74,000 

26,000 
69,000 

$542,000 

$130,000 

115,000 

10,000 

$797,000 

$255,000 

Includes $15,000 die-body m a t e r i a l  cost. a 

bIncludes $16,000 capsule  m a t e r i a l  cos t .  

'Includes $7,000 f o r  capsule  material t o  be used i n  development. 

C Equipment wi th  l i f e  expectancy equal t o  dura,t ion of t h i s  ;program. 
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Table 4. Manpower Requirements by F i s c a l  Year t o  Produce 
a 34 kw(th)  goSrTi03 Source i n  t h e  ORNL F i s s i o n  

Products Development Lab o r a t o r y  

FY 1 FY2 FY 3 

Fabr i  c a t  i o n  l a b o r  

Technical  1.25 1.35 1.1 
Technician 0.05 0.3 0.9 
Chemical ope ra to r  1.1 1 . 2  1 . 0  
Craft support  1.8 0.35 0.35 
Mi s ce l laneous  0 .1  0 .2  0 .2  

Development l a b o r  

Technical  1.8 1.3 0.5 
Technician 0.8 0.4 
C r a f t  support  0.5 0 . 2  

An example of e s c a l a t i o n  of c o s t s  assuming (1) a 6% i n -  
c r ease  i n  t h e  cos t  of doing bus iness  p e r  year ,  and 
( 2 )  t h a t  FY 1 i s  FY 73, FY 2 i s  FY 74, and FY 3 i s  FY 7 5  
i s  a s  fo l lows:  

FY 1 (73) FY 2 (74) FY 3 (75) 

January 1, 1971 c o s t s  <$431,500 $218,500 $147,000 

Esca la t ed  c o s t s  on $471,100 $252,900 $170,100 

wi th  no e s c a l a t i o n  

above assumptions 
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