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BUDGET AND COST SUMMARY 

June  opera t ing  c o s t s  to ta led  $3, 319,000, o r  an  i n c r e a s e  of 
Fiscal yea r - to -da te  c o s t s  a r e  $758,000 f r o m  t h e  p rev ious  month. 

$32, 794, 000, o r  9870 of the  $33, 420, 000 cont ro l  budget. 

Hanford L a b o r a t o r i e s !  r e s e a r c h  and development c o s t s  f o r  June  

compared  to  last month and the  cont ro l  budget are shown below: 

C O S T  
(Dol l a r s  i n  C u r r e n t  
thousands)  Month 

HL P r o p r a m s  

02 $ 175 
03 4 

I ,  04 1 346 
05 141 

. 06 3 41 
07 15 
08 33 

2 055 

Sponsored by 

NRD 147 
I P D  38 
C P D  20 6 

$2 446 

P r e v i o u s  
Month 

$ 105 
-0- 

1 006 
111 
27 5 

64  
1 561 

116 
31 
160 

$1 868 

To Date 

$1 137 
253 

14 017 

1 417 
3 324 

15 
28 4 

20 447 

1 801 
48 9 

1 778 
$24 515 

Budget 

$1 160 
2 50 

14 045 
1 438 
3 352 

17 
290 

20 552 

1 798 
49 7 

1 8 U  
$24 665 

P e r c e n t  
Spent 

98 
101 
L O O  
99 
99 
88 
98 
99 
- 

100 

98 
98 
99 
- 
- - 
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RESEARCH AND DEVELOPMENT 

1. Reac to r  and Fuels 

T h i r t e e n  N-Reactor  coproduce r  fuel e l emen t s  have been i r r a d i a t e d  

to  a n  a v e r a g e  exposure  of 1300 Mwd/ton. 

in the  t a r g e t  component, nor w a s  t h e r e  evidence of bonding between the 

Z i r c a l o y - 4  can  and the  a luminum targe t .  

T h e r e  was  no evidence of swel l ing 

T h e  first coproduce r  p r o d u c t h n  t e s t  i r r a d i a t e d  in t h e  N-Reac to r  

p r o p e r  wil l  involve n e a r l y  800 e lements .  

t a r g e t  fabr ica t ion  in June .  

one- th i rd  comple te  with complet ion scheduled f o r  August 1. 

Hanford L a b o r a t o r i e s  began 

T o  date, t h e  t a r g e t  e l emen t s  fabr ica t ion  is o v e r  

A t h o r i u m  fueled fouling p robe  designed and f ab r i ca t ed  in  Hanford 

L a b o r a t o r i e s  h a s  been examined after r ece iv ing  1000 Mwd/ ton exposure .  

No def ic iency in p e r f o r m a n c e  w a s  observed .  A second de tec to r  is opera t ing  

sa t i s fac tor i ly  in a KER loop. 

P r e p a r a t i o n  of end c a p s  f o r  t he  hot-headed pro jec t ion  welding end 

c l o s u r e  h a s  been  improved  in  cos t  and qual i ty  us ing  e l ec t ron  b e a m  evapora-  

t’7n to  p lace  t h e  b r a z e  l a y e r  on t h e  end cap. 

Crud  deposi t ion on z i rconium-clad  fuel e l emen t s  exposed in t h e  

stainless steel Hanford KER l oops  to  h igh - t empera tu re  pH 10 ammonia ted  

w a t e r  w a s  d u l l e r  and d a r k e r  in appea rance  than  that which had been encoun- 

tered in  a ca rbon  steel loop with ammonia  it w a s  also much h e a v i e r  than had 

been encountered  in  t h e s e  s t a i n l e s s  l oops  us ing  LiOH. 
\ 

Tests w e r e  conducted to  d e t e r m i n e  whether  r e s idua l  pickl ing acid 

dur ing  fabr ica t ion  could have  caused  the  obse rved  i n t e r g r a n u l a r  a t tack  on 

the N-Reac to r  steam g e n e r a t o r  tubing. 

s a m p l e s  %hat w e r e  then  subjected to  the  same condi t ions as in the  manufac-  

t u r e  of t h e  s t e a m  g e n e r a t o r s .  

Drops  of ac id  w e r e  placed on 

I n t e r g r a n u l a r  a t tack  w a s  produced.  

Analyses  w e r e  continued of l a b o r a t o r y  expe r imen t s ;  an e lec t r ica l ly  
heated,  full s c a l e  model  of t he  downs t r eam half of an  N-Reactor  fue l  

column was  used .  

p r e s s u r e - d r o p  flow data to p r e w u r e s  o t h e r  than those  used  for  the  

exper iment  s. 

Equat ions w e r e  developed to  allow extrapolat ion of the 

I 2 3 1 2 8 0  DECLASS I Fl ED 
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Aqueous ammonium hydroxide so lu t ions  w e r e  i r r a d i a t e d  in  the  s ing le  

T h e  convers ion  r a t io  (moles  of N2H4 f o r m e d  p e r  mole of NH3 
p a s s  facility t o  study the  format ion  of hydraz ine  f r o m  ammonia  in aqueous 

solutions.  
decomposed to  N 2  and H2) i n c r e a s e d  f r o m  5 x to  5 x lo'* as the  NH3 
concent ra t ion  w a s  i n c r e a s e d  f r o m  30 to  800 ppm, but d e c r e a s e d  as the  

holdup time was  i n c r e a s e d  f r o m  22 to  240 minutes .  

T h r e e  tho r ium-uran ium fuel e l emen t s  in  the  E T R  have now rece ived  

7400 Mwd/ ton  exposure  and show 0 .  8 vel% swelling. 

ope ra t ed  a t  a heat flux of 850 to  1 mil l ion Btu / (hr ) ( f t2)  and show a theo re t i ca l  

min imum volume expansion. 

T h e s e  e l emen t s  have 

L 

An aqueous solut ion of 0. 75M - NH40H, 0.  5M N2H4 and 0. 25_M 

EDTA (Na)4 w a s  found to  be  a p romis ing  poss ib l e  r eagen t  f o r  s ingle  s t e p  

decontaminat ion of s t a i n l e s s  s teel .  

P R T R  j u m p e r  s a m p l e s  w e r e  obtained in b e a k e r  t e s t s .  

Decontamination f a c t o r s  up to 1 4  on 

Examinat ion of a d i scha rged  P R T R  Zirca loy-  2 p r e s s u r e  tube,  
exposed 200 days  at w a t e r  t e m p e r a t u r e s  in  e x c e s s  of 400 F (233 C), showed 

twice  the c o r r o s i o n  product  weight-gain i n  the flux zone of 4 x 1012 t o  

2 x 10l3 nv (> 1 mev)  as in u n i r r a d i a t e d  s e c t i o n s  of the same tube. 

Pit depth m e a s u r e m e n t s  on the P R T R  d e a e r a t o r  have been repeated.  

The  p i t s  are deepening at the  rate of 40 m i l s / y r ;  the deepes t  obse rved  w a s  
160  mils. 

The first i r r a d i a t i o n  of a long,, wa te r  tube  e lement  w a s  success fu l ly  

inaugura ted  in PRTR.  
idefltified ih a failed P R T R  element .  

A new mode  of Z i r ca loy  cladding penet ra t ion  w a s  

Six P R T R  fuel e l emen t s  w e r e  fabr ica ted .  

Fo r ty -e igh t  k i l o g r a m s  of mixed oxide w e r e  densif ied by the  Nupac 

p r o c e s s  f o r  P R T R  and 42 k i l o g r a m s  f o r  the  P R C F  p rogram.  

I r r a d i a t i o n s  of prototypic  EBWR fuel rod s e g m e n t s  continue to  r evea l  

an t ic ipa ted  s a t i s f a c t o r y  p e r f o r m a n c e  a t  heat  r a t i n g s  wel l  in e x c e s s  of that  
proposed for EBWR. 

1 2 3 1 2 8  I 
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Chemica l  a n a l y s i s  conf i rmed the  uni form dis t r ibu t ion  of plutonium, 

o r i g b a l l y  introduced as a coaxia l  a l loy  wire ,  throughout t he  ini t ia l ly  molten 

r eg ions  of a U 0 2  fuel e lement .  

A brief  s tudy was  m a d e  t o  c o m p a r e  the economics  of boil ing H20  
coolant with l iquid o r  boil ing D 2 0  coolants  in  D 2 0  modera t ed  r e a c t o r s .  

w a s  ten ta t ive ly  concluded tha t  H20 cooling had a net advantage of 0. 5 t o  

0. 6 m i l / k w h r  o v e r  D 2 0  cooling. 

It 

L a b o r a t o r y  e x p e r i m e n t s  indicated that ex is t ing  t h e o r i e s  f o r  c r i t i ca l  

Cow of s t ea rn -wa te r  m i x t u r e s  d i scha rg ing  f r o m  pipes  would not apply to  

elbows. 

I t  was  found that  p r e s s u r e  f luctuat ions caused  a change in t h e  locat ion 

and magnitude of boi l ing burnout  hea t  f luxes  f o r  flow through a 0. 444 in. 

- e l e c t r i c a l l y  heated tube. 

P u B 2  is the  only s tab le  plutonium bor ide  found below 900 C. 

Be ta -Pu  0 
t h e r m a l l y  reduced  Pu02. 
than  P U O ~ - ~ .  

c a n  be p r e p a r e d  by r e a c t i n g  plutonium hydr ide  with 2 3  
The  be ta -Pu  0 has  a g r e a t e r  oxidation r e s i s t a n c e  2 3  

Application of a n  image in tens i f ica t ion  s y s t e m  to  x- and g a m m a - r a y  

rad iography provided r e so lu t ion  and sensi t ivi ty ,  with d w a m i c  r e sponse ,  

that  appea red  to  exceed that ava i lab le  us ing  conventional time exposure  

r ad iog raph ic  techniques .  

Clad c e r m e t  d i s c s  containing b e t a - P u 2 0 3 - 5 0  vol70 W, PuN-50 volyo W, 
and P ~ 0 ~ - 6 2  wt% (80 N i /  20Cr) w e r e  p r e p a r e d  by impaction. 

Un-20 wt% P u N  pe l l e t s  and PuN-Pu  and PuN- W c e r m e t  spec imens  

were d i scha rged  f r o m  t h e  MTR. 

Homogeneous d is t r ibu t ion  of plutonium, equivalent to that in (U, Pu)Oz  

m a d e  by coprec ip i ta t ion ,  was  demons t r a t ed  in impacted ,  d r y  ball milled 
m i x t u r e s  of U 0 2  and Pu02. 

UN i r r a d i a t e d  at rod  powers  sufficient t o  c a u s e  mel t ing  in U02 did 

not r e a c h  s in t e r ing  t e m p e r a t u r e ,  t hus  demons t r a t ing  its g r e a t e r  thermal 
conductivity . 

1 2 3 1 2 8 2  
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U 0 2  
a t m o s p h e r e  

pe l le t s  me l t ed  by d i r e c t  induction heat ing in a d r i ed  a rgon  87'0 Ha 

rema ined  n e a r l y  s to i ch iomet r i c .  

Radiochemical  a n a l y s e s  showed that c e s i u m  and s i l icon concent ra te  

in  t l ranium inc lus ions  fo rmed  in UO irradiated a t  high t e m p e r a t u r e s .  2 

Melting points  of S m 2 0 3  and Nd 0 a r e  2250 C and 2260 C, respec t ive ly .  2 3  
BeO-nickel coated PuOz m i x t u r e s  w e r e  densif ied by impact ion.  

T h e  high t e m p e r a t u r e  d i l a tome te r  w a s  ca l ib ra t ed  to  1600 C, and data 
w e r e  obtained on a n  u ran ium dioxide s ingle  c r y s t a l  spec imen.  

E l e c t r i c a l  r e s i s t i v i ty  da ta  w e r e  obtained f o r  U 0 2  at  approximate ly  

the melting point. 

Uniform,  adhe ren t  depos i t s  of vapor  plated tungs ten  w e r e  made on 
- W - U 0 2  c e r m e t s  by transfer of the  tungs ten  f r o m  molybdenum s u b s t r a t e s  

du r ing  pneumatic  impact ion.  

El imina t ion  of a second phase  p r e s e n t  in a batch of U 0 2  f o r  the EBWR 

loading a p p e a r s  to c o r r e c t  diff icul t ies  exper ienced  in pneumatical ly  impact ing 
the  m a t e r i a l  to 99% TD. 

T h r e e  hundred and twenty addi t ional  EBWR fuel r o d s  w e r e  fabr ica ted  

f o r  phys ic s  tests. 

Sixty to seventy  pe rcen t  r e c o v e r y  of i n t e rna l ly  damaged EBWR fue l  

rod  cladding tubes  was  achieved by i n t e r n a l  honing. Sample tubes  w e r e  
exchanged with ANL t o  f u r t h e r  " c o m p a r e  nondes t ruc t ive  t e s t  p rocedures .  

T h e  Hanford developed exposure  unit f o r  compar ing  fast neutron 

i r r a d i a t i o n  effects caused  by neli tron f luxes  of vary ing  s p e c t r a  w a s  t e s t ed  

success fu l ly  with ducti l i ty data f r o m  two different  r e a c t o r  s o u r c e s .  

Oxidation da ta  f o r  small s a m p l e s  of g raph i t e  in he l ium containing 

w a t e r  vapor  w e r e  success fu l ly  used  to  ca lcu la te  t he  oxidation r a t e s  of s a m p l e s  
having l a r g e r  d i a m e t e r s .  

P la t inum w a s  success fu l ly  demons t r a t ed  as a s t anda rd  f o r  t h e r m a l  

diffusivi ty  m e a s u r e m e n t s  o v e r  t he  r a n g e  25 t o  500 C. 

1 2 3 1 2 8 3  
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T h e  2C- 2 capsu le  containing boronated graphi te  s amples  continues 

to  o p e r a t e  sa t i s fac tor i ly .  

i n c r e a s i n g  tendency f o r  expansion with d e c r e a s i n g  t e m p e r a t u r e  of the 

expo s u r e .  

I r r a d i a t i o n  t e s t s  r u n  a t  low t e m p e r a t u r e  indicated 

Two u ran ium s p e c i m e n s  tha t  w e r e  i r r a d i a t e d  at 525 and 575 C (977 

and 1067 F), respec t ive ly ,  w e r e  pulse-hea ted  into the  be ta  phase .  No densi ty  

change o c c u r r e d ,  but p r e l i m i n a r y  meta l lographic  examinat ion indicated that 

much  of t h e  c rys t a l log raph ica l ly  a l igned po ros i ty  which ex is ted  in the as- 
1 Isradiated condition h a s  moved t o  o r ig ina l  a lpha boundar ies .  

Solution and prec ip i ta t ion  hardenable  nickel  b a s e  a l loys  have been 

i r r a d i a t e d  t o  a n  exposure  of 5 x lo1' nvt a t  280, 580, and 740 C ( 5 3 6 ,  
1076, and 1364 F); in addition, t he  mechanica l  p r o p e r t i e s  of the  a l loys  have 

Seen t e s t e d  a t  r o o m  t e m p e r a t u r e .  

A f o r m a l  r e p o r t ,  "Second-Phase Particles in Dilute Uranium Alloys - 
Quanti ta t ive Metal lography,  'I HW-80349, w a s  p re sen ted  at the  June  22- 24, 

1964, Eighteenth Meeting of t he  AEC Metal lography Group. . 

C o r r o s i o n  of molybdenum and TZM molybdenum al loy in  1000 C 
(1832 F) oxygen is highly p r e s s u r e  sens i t i ve  in the  r ange  5 x l o m 4  to  

5 x m m  m e r c u r y .  

Additions t o  t h e  work f o r c e  f o r  t h e  model  gas loop a c c e l e r a t e d  coli- 
stp.iction significantly.  As of June  18, 196  4, cons t ruc t ion  of t h e  model  

high t e m p e r a t u r e  gas loop w a s  8070 comple te .  By the  end of June ,  t he  g a s -  

b e a r i n g  c o m p r e s s o r  wil l  be  used  to  c i r c u l a t e  a i r ,  a t  s t anda rd  t e m p e r a t u r e  

and p r e s s u r e ,  in  t h e  loop for t he  ipitial phase  of loop s ta r tup .  

An absorp t ion  column f o r  t he  gas ch romatograph  packed with Linde 

13X m o l e m l a r  s i eve  h a s  produced absorp t ion  peaks  of improved  s h a r p n e s s .  

P r e i r r a d i a t i o n  c h a r a c t e r i z a t i o n  of annealed rhenium fo i l s  h a s  been 

completed,  and fou r  capsu le s  with a total  of 24 s a m p l e s  have been p r e p a r e d  
for i r rad ia t ion .  

A f o r m a l  technica l  r epor t ,  "Quench-Hardening in Po lyc rys t a l l i ne  

Wickel, I' HW-8 2708, h a s  been p r e p a r e d  f o r  publication. 

DECLASSIFIED 
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The  be ta- to-a lpha  t r a n s f o r m a t i o n  k ine t ics  of 0. 005-in. -thick wafe r s  

of e l ec t ro - r e f ined  plutonium w e r e  inves t iga ted  at -196 C ( -  320. 8 F). 
t r a n s f o r m a t i o n  was comple te  after 5 sec, 
of i n t e rna l  voids  was  small. 

The  

The  physical  damage  in the  f o r m  

T h e  s teady  state c r e e p  rate of t he  be ta  phase  of plutonium w a s  found 

to depend upon the  p rev ious  t r ans fo rma t ion ,  i. e . ,  the c r e e p  rate of t he  

be ta  phase  fo rmed  by t r a n s f o r m a t i o n  f r o m  alpha w a s  a t  least two o r d e r s  of 

magni tude greater than  that  f o r m e d  by t r a n s f o r m a t i o n  f r o m  the  gamma phase.  

Or, the  o t h e r  hand, the  s t e a d y - s t a t e  c r e e p  rate of t h e  g a m m a  phase  w a s  
independer-t of t r ans fo rma t ions .  

Invest igat ion of t h e  f ibe r  t e x t u r e  in  a lpha plutonium resu l t i ng  f r o m  

t r a n s f o r m a t i o n  unde r  p r e s s u r e  h a s  continued. 

t he  (020)-(211) 

f r o m  (203) planes  cons is ten t ly  a l igned p a r a l l e l  t o  t he  f ibe r  ax is .  

The  obse rved  sensi t ivi ty  of 

doublet  to  s a m p l e  or ien ta t ion  h a s  been shown to r e su l t  

Exp lo ra to ry  expe r imen t s  with a 600 kva r e s i s t a n c e  we lde r  ind ica te  

tha t  welding of g raph i t e  with t h i s  machine  m a y  be  poss ib le .  

A fuel e lement  des ign  cons i s t ing  of mechgnica l ly  in te r locked  W - U 0 2  

Another  des ign  being developed u s e s  t h r e e  tungsten r o d s  to a l ign 

fuel p l a t e s  fo rming  a continuous ''egg crate" is unde r  study f o r  Lewis  R e s e a r c h  

Cen te r .  

t he  c e r m e t  g r i d  s e c t i o n s  that  are suppor ted  on the  al ignment  rod  seats. 
Simulated fue l  g r i d s  and r e l a t e d  p a r t s  a r e  being f ab r i ca t ed  f o r  a s s e m b l y  

and mechanica l  s tab i l i ty  s tudies .  

W - U 0 2  c e r m e t  s p e c i m e n s  f o r  t h e r m a l  cycl ing s tud ie s  have been  p r e -  

pa red  us ing  spec ia l ly  purif ied components  and addi t ional  hea t  t r e a t m e n t  a f t e r  
compaction. 

Two t i m e - l a p s e  mov ies  have  been taken  of a small slice (0. 2 x 1 
x 8 m m )  of a Rover  fuel e lement  dur ing  hea t ing  in the  re f lec t ion  s t a g e  of 

t he  e l ec t ron  mic roscope .  

Dens i t i e s  of 96. 1 to 98. 570 T D  w e r e  obtained in a s tudy of the  effect  

of p r e s s u r e  and t e m p e r a t u r e  on t h e  dens i ty  of tungs ten  and W-U02  
c e r m e t  f ab r i ca t ed  by pneumatic  impact ion.  
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Var ious  W-UO ar_d tungsten fuel a s s e m b l y  components  were  2 
faSr ica ted  and sen t  t o  L e w i s  R e s e a r c h  Cen te r .  

Impact  bonding by pneumatic  impact ion  followed by hydrogen s in t e r ing  

produced a me ta l lu rg ica l  bond in the  W-to-W-U02 joints  of a 1 / 8  in. s q u a r e  

honeycomb g r id  f ab r i ca t ed  f r o m  NASA ro l led  plate.  

2. P h y s i c s  and I n s t r u m e n t s  

Analog s imula t ion  s tud ie s  of N-Reac to r  w e r e  completed f o r  5070 and 

70% power l eve l  conditions.  

l eve l  t o  d e t e r m i n e  the  effect ivenesz ..i the  l a r g e  25, 000 gal s u r g e  tank. 

An addi t ional  study w a s  m a d e  at 12570 power 

The  sensi t ivi ty  of a Pu239 liquid counting s y s t e m  h a s  been  improved  
4 to  counting rates of 3 x 10 

w e r e  m a d e  on 2 g/liter and 

to mon i to r  t he  Pu239 1 7  kev X- rays .  

c o u n t s / m i n  p e r  1 g / l i t e r  of solution. T e s t s  

g l l i t e r  s a m p l e s  us ing  NaI(T1) d e t e c t o r s  

- Nondes t ruc t ive  inspect ion of 9 4  i r r a d i a t e d  N-Reactor  fue l  e l emen t s  

revea led  in t e rna l  c o r e  c r a c k s  i n  t h r e e  i n n e r  and one o u t e r  fuel tubes .  

Quest ion e x i s t s  as to  whether  t he  o u t e r  fuel de fec t s  w e r e  caused  by the  

suspec t  e lement  be ing  acc identa l ly  dropped be fo re  inspect ion.  

t k b e s  w e r e  not dropped. 

The  i n n e r  

E m e r g e n c y  a s s i s t a n c e  w a s  provided N-Reactor  Depar tment  on a 

weekend round- the-  c lock effor t  to  rad iographica l ly  inspec t  high p r e s s u r e  

valve cas t ings .  Seve ra l  f laws  w e r e  detected,  r e p a i r e d ,  re rad iographed ,  
and evaluated.  

Fiels Engineer ing  f o r  N- Reac to r  h a s  pe r fo rmed  evaluation 
t e s t s  on’ the  c a p - t o - c o r e  bonding test for chevron  end c l o s u r e s  and demon- 

straated good c o r r e l a t i o n  between the  t e s t  and unbonds. 

incorpora ted  into ex is t ing  equipment in the  333 product ion building and 

is ope ra t ing  on a rout ine  bas i s .  

The  t e s t  h a s  been 

A product ion t e s t  designed to  de t e rmine  the  capabi l i ty  of NT-2  
Resu l t s  demons t r a t ed  X-Ray F l u o r e s c e n c e  T e s t  h a s  been completed.  

the  t e s t  h a s  the  sensi t ivi ty  and s tabi l i ty  to  inspec t  p r o d u c t i m  at the  

DECLASSIFIED 
1 2 3 1 2 8 b  



HW- 83000 

r equ i r ed  sefisi t ivity and throughput.  The  product ion capaci ty  of one unit  

is e s t ima ted  at 1 5  i n n e r  fue l s  p e r  h r ,  o r  8 o u t e r  f u e l s  p e r  h r .  

Work on the  de te rmina t ion  of N-Reac to r  l a t t i c e  phys ics  p a r a m e t e r s  

I r r a d i a t e d  de tec to r  pin and neut ron  s p e c t r a l  c h a r a c t e r i s t i c s  is continuing. 

da ta  a re  being analyzed t o  d e t e r m i n e  p, c, Co, r, and neutron t e m p e r a t u r e .  

F u e l  cyc le  a n a l y s e s  f o r  P h a s e  I I I (power  only) opera t ion  of N-Reactor  

have been ini t ia ted.  

A series of c r i t i c a l  mass expe r imen t s  was  completed with plutonium 

r-itrate so lu t iorx  in  a r e f l ec t ed  11. 5 in. d i a m e t e r  sphe re ,  ard a new series 
was  begur  with a 15. 2 in. sphe re .  At t he  C r i t i c a l  M a s s  Labora tory ,  a 
fully unref lec ted  plutonium solut ion a s s e m b l y  was  m a d e  c r i t i c a l  f o r  the  

first time with the  l a r g e r  sphe re .  

A new h ighe r  in tens i ty  pulsed neut ron  g e n e r a t o r  was  rece ived  f o r  

Lse in  continued development  of p romis ing  methods  f o r  making  subc r i t i ca l  

r eac t iv i ty  m e a s u r e m e n t s  on in-plant  a r r a y s  of f i ss ionable  m a t e r i a l .  

F o u r  phys i c s  p a p e r s  w e r e  p re sen ted  at the  national meet ing  of t he  

A m e r i c a n  Nuc lea r  Society:  two on c r i t i c a l  mass s tudies ,  one on re la t ion-  

s h i p s  between phys ic s  unce r t a in t i t e s  and plutonium fuel cyc le  economics,  

and one on compact  wa te r -modera t ed  plutonium b u r n e r s .  

MeasuFemen t s  w e r e  comple ted  to  r e m o v e  sys t ema t i c  e r r o r s  f r o m  

i j revious da ta  on the  s c a t t e r i n g  l a w  f o r  neu t rons  f r o m  95 C H20.  

M e a s u r e m e n t s  of t h e  Eeutron f lux f r o m  the  beam hole to be  used  

for t ime-of -Sight  neut ron  spec t roscopy  gave in tens i t ies  in  good a g r e e -  

ment with expected values .  

Data p r o c e s s i n g  was  completed on p rev ious  m e a s u r e m e n t s  of the 

Mev neut ron  to ta l  c r o s s  sec t ions  of oxygen, ni t rogen,  and deuter ium.  

Severa l  modi f ica t ions  t o  one  of t h e  heavy-e lement  mass spec -  

t r o m e t e r s  w e r e  completed including the  ins ta l la t ion  of a n  improved  

magnet  sweep coil. 

EBWR fuel expe r imen t s  f o r  l a t t i c e  spac ings  of 0. 93, 0. 90, and 

0. 60 ir?. have been completed in  t h e  C r i t i c a l  Approach Fac i l i ty .  Substitution 
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acd worth m e a s u r e m e n t s  with EBWR fuel in the  H20 modera t ed  P R C F  a r e  

c 3rfir-uirig. 

Design c d c u l a t i o n s  on the  "reduced c o r e  P R T R "  are  in  p r o g r e s s .  

Appropr ia te  phys i c s  mode l s  f o r  t h e s e  ca lcu la t ions  have been adopted. 

In HTLTR design,  a m a j o r  conce rn  is the  c o r r o s i o n  of r e a c t o r  com-  

popents  by contaminant  gases a r i s i n g  f r o m  incomple te  purging of t he  graphi te  

and insu la t ing  b r i ck .  

e f f i s e r t  will be  m e a s u r e d  dur ing  r epea ted  hea t ings  of the  t e s t  s amples .  

T e s t s  have  been  s t a r t e d  in which the  amount of g a s  

Planning of t h e  P C T R  Phoenix expe r imen t s  is p r o g r e s s i n g  well and 

expe-iments  wil l  begin soon. 

POW been extended t o  include ZrH as a modera t ing  m a t e r i a l .  

Exp lo ra to ry  s tud ie s  on Phoenix c o r e s  have 

The  burnup code ZODIAC is being s t r e a m l i n e d  and a new ve r s ion  

ZODIAC- 2 h a s  been r e l e a s e d  f o r  u s e  unde r  p r o g r a m e r  superv is ion .  

O n e - q u a r t e r  in. d i a m e t e r  eddy c u r r e n t  t e s t  co i l s  appl ied to  the  in te rna l  

s-irface of N-Reac to r  p r o c e s s  tube  s a m p l e s  have  de tec ted  500 ppm hydr ide  

cr) tc,  entrat ion.  

Sur face  fat igue w a s  detected in t h r e e  m e t a l  s a m p l e s  by u l t r a son ic  

r r i t i ca l  ang le  t e s t s .  

;ng metal s t r u c t u r e  changes  b e f o r e  c r a c k  initiation. 

p r e p a r e d  stainless steel s a m p l e s  w e r e  a l s o  de tec ted  by spec ia l ly  developed 

eddy c u r r e n t  t e s t s .  

P r e l i m i n a r y  results a p p e a r  to  show p r o m i s e  of de tec t -  

Fa t igue  areas in the  

P r e l i m i n a r y  s tud ie s  of wavefront r econs t ruc t ion  methods  of imaging 

Ii l trasound are giving p romis ing  r e su l t s .  

o r i en ted  to  i n t e r f e r e  at a wa te r  s u r f a c e  have  produced four  obse rvab le  

o r d e r s  of diffract ion on e i t h e r  s i d e  of t h e  undlffracted z e r o - o r d e r  image.  

Two pulsed u l t r a son ic  b e a m s  

T h e  AEC/AECL p r o g r a m  on nondes t ruc t ive  t e s t i n g  of fuel shea th  

%king h a s  been  completed with sh ipment  of t h e  u l t r a son ic  tube tes t ing  

equipment to  the  Geneva Conference .  
e s sent  ia l ly  comple te .  

P r o g r a m  t e r m i n a l  r e p o r t s  a r e  

An analog  s tudy of t he  P C T R  h a z a r d s  w a s  completed.  Var i a t ions  of 

react ivi 'y  w e r e  introduced into t h e  r e a c t o r  s imulat ion.  The  r e su l t i ng  power 

1 2 3 7 2 8 8  DECLASSIFIED 



xv H W- 8 3000 

excur s ions  w e r e  t e rmina ted  by dropping the  cont ro l  r o d s  and by melt ing 

of t he  fuel e l emen t s .  

E f f o r t s  to  obtain expe r imen ta l  r egene ra t ing  neutron flux d e t e c t o r s  

moved fo rward  with acquis i t ion  of s ample  quant i t ies  of U234. The  m a t e r i a l  

w a s  enr iched  on - s i t e  to  10. 2% U235 and t r a n s m i t t e d  t o  GE-APED i O r  u s e  in 

f ab r i ca t ing  two expe r imen ta l  uni ts .  

mid -  August. 

The  completed d e t e c t o r s  a r e  expected 

Microwave  neut ron  flux moni tor  expe r imen t s  designed to  t e s t  t he  

c ros s -coup l ing  c h a r a c t e r i s t i c s  of a n  ionized p l a sma  w e r e  p r e m a t u r e l y  

t e rmina ted  be fo re  useful  da ta  w e r e  obtained because  of wa te r  leakage  of the  

de t ec to r  a s s e m b l y .  

Meteoro logica l  f a c t o r s  r e l a t ing  to  re ten t ion  of land on the  Wahluke 

Slope w e r e  s u m m a r i z e d  for  p re sen ta t ion  to the  Advisory Commit tee  on 

Reac to r  Safeguards  at t h e  r e q u e s t  of t he  AEC. 

AEC H e a d q u a r t e r s  on June  19 .  

P r e s e n t a t i o n  was  made  a t  

T h e  gradual  accumula t ion  of da ta  f r o m  g a m m a -  r a y  spec t roscopy 
134 

, 
22 

of u r i n e  s a m p l e s  is providing unique da ta  on the  amounts  of Na22, C s  

and Cs137 in Alaskan Eskimos and in  Richlanders .  The  p r e s e n c e  of N a  
now seems adequate ly  explained by the  amoun t s  found in m e a t s ;  t h e r e  m a y  

be enough in s o m e  Esk imos  t o  m e a s u r e  with t h e  whole body counter  this 

s u m m e r .  Cs134 is slowly d i sappea r ing  from the  Esk imos .  A max imum 
1 9 -  

A max imum a p p e a r s  t o  have  been r eached  in the  C s L 3 '  in  Richlanders ;  it 
is about twice  t h e  m a x i m u m  reached  in 1959.  

T h i s  s u m m e r ' s  work in Alaska is about to begin. X- ray  counting 

of Pu238 in  rat u r i n e  and f e c e s  s a m p l e s  proved a useful  technique. 

Van de  Graaff gave  t roub le  that  w a s  neve r  loca ted  but f inally d isappeared .  

The  

Biology p r o g r a m s  are  rece iv ing  beneficial  u s e  f r o m  developed 

s m o k e  con t ro l  equipment and a n  alpha energy  a n a l y s i s  air moni tor .  

s m o k e  cont ro l  s y s t e m  ma in ta ins  d e s i r e d  smoke-  air m i x t u r e s  in an ima l  

inhalation expe r imen t s .  

The  
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Work was  a c c e l e r a t e d  on the  r e m o t e  da ta  s ta t ions  f o r  t he  HAP0  
r a d i o t e l e m e t r y  sys t em.  

f ab r i ca t ion  w a s  init iated on five additional s ta t ions  on an  emergency  bas is .  

Two s ta t ions  have been completely modified and 

At tempts  w e r e  m a d e  to  nondes t ruc t ive ly  inspec t  Elk R ive r  Reac tor  

hea t  exchangers  a t  t h e  r eques t  of the  Commiss ion ' s  Chicago Opera t ions  

Office. 
tubing, tests did r e v e a l  definite suspec t  defects. Reques ts  f o r  additional 

t e s t s  are  expected in the  n e a r  future .  

Although the eddy c u r r e n t  tests w e r e  limited as a re su l t  of unders ized  

An ana log  s imula t ion  of the  3 1 4  Building high t e m p e r a t u r e  gas loop 

is in p r o g r e s s ,  to be  used  in  evaluat ing the effects  of high t e m p e r a t u r e s  on 

v a r i o u s  materials. T h e  b a s i c  s y s t e m  equat ions have been defined and 

po r t ions  of t h e  p r o c e s s  s imula ted .  

m a j o r  con t ro l  va lves  m a y  b e  i m p r o p e r l y  s i zed  f o r  op t imum operat ion.  

Init ial  results indica te  that  one of t h e  

An improved  u l t r a son ic  r e s i n  l e v e l  de t ec to r  h a s  been completed 

and made  r eady  f o r  l a t e  J u n e  instal la t ion in 202-A Building. 

3. C h e m i s t r y  

Sa t i s fac tory  par t i t ion ing  of plutonium f r o m  u ran ium w a s  obtained 

us ing  sodium su l foxa la te  formaldehyde  (vice f e r r o u s  su l famate)  as the  

plutonium reductan t  in  a min ia tu re  m i x e r -  s e t t l e r  exper iment .  

Engineer ing-  s c a l e  tests of run-away r eac t ions  in n i t r a t ed  anion 

exchange r e s i n s  ind ica te  that  s imple  vent ing s y s t e m s  are adequate  to 

r e l i e v e  p r e s s u r e  s u r g e s .  

A decis ion  was  r eached  in conjunction with C P D  personnel  to pro- 
ceed  with a plant  test of i m m e r s i o n  h e a t e r s  as a second genera t ion  in- tank 

solidification unit. 

N i t r i c  acid c o r r o s i o n  r a t e s  of a s - r o l l e d  304-L stainless steel 
containing 1 wt% boron  w e r e  a l m o s t  double those  of bo ron- f r ee  304 L. 

8 An i r r a d i a t i o n  dose  of 6 x 10 r to  n-dodecane (gene ra l ly  r ega rded  
as the  "u l t ra"  diluent f o r  a P u r e x - t y p e  solvent) r e su l t ed  in a l t e r a t ion  of 

about 4070 of the s a m p l e  but yielded s t ab le  sa tu ra t ed  hydrocarbons  as the  
m a j o r  products .  
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Recent  NMR and i n f r a - r e d  m e a s u r e m e n t s  of alkali me ta l  s p e c i e s  

ex t r ac t ed  by t h e  CSREX solvent s y s t e m  a r e  sugges t ive  of the  s p e c i e s  
MSD2EHP-. 4BAMBP as the o rgan ic -  soluble  spec ie s .  

Gamma i r r a d i a t i o n  of hydrogen-oxygen m i x t u r e s  in  contact  with d r y  

o r  moi s t  zeo l i tes  r e s u l t s  in  combinat ion of t h e  hydrogen and oxygen to  f o r m  

wa te r .  

- ca.  25 wt70 H 2 0  d e c r e a s e d  f r o m  4870 t o  C 1% with a dose  of 1 . 6  x 10  

2. 61 Mev Te208 gamma radia t ion  in  amount  only sl ightly less than the  Pu 
gamma.  T h i s  is s t rong ly  sugges t ive  of t h e  ex i s t ence  of t h e  Pu 
chain in p r e s e n t - d a y  Pu238 and, if confirmed,  r e p r e s e n t s  a s o u r c e  of gamma 

238 background i n  Pu238 that  could conceivably be minimized  by producing Pu 

The  hydrogen content of t he  gas phase  o v e r  a m o i s t  zeolite containing 
7 r. 

Ini t ia l  m e a s u r e m e n t s  of gamma act ivi ty  in Pu238 have  revea led  
238 

236 - 2 3 2- Th 228 

via  i r r a d i a t i o n  in r eg ions  of min imized  fast flux and the reby  reducing  t h e  

fo rma t ion  of Pu236 by the reac t ion  Np237(n, 2n)Np236 !! Pu236. 

A s a m p l e  of i so top ica l ly -pure  U233 h a s  now been obtained v i a  decay  

of Pax33 previous ly  i so la ted  f r o m  i r r a d i a t e d  tho r ium.  

F u r t h e r  s tudy h a s  been m a d e  of s p r a y  ca lc ina t ion  as a m e a n s  of 

conver t ing  t h o r i u m  n i t r a t e  solut ion t o  a n  oxide su i tab le  as feed to  a Sol 

Gel p rocess .  

T h e  s p r a y  c a l c i n e r  product  is a l s o  being evaluated f o r  its suitabil i ty 

as a d i r e c t  feed  f o r  target f ab r i ca t ion  by co ld -p res s ing .  

As  a result of t h e  d i s c h a r g e  of abnorma l  amounts  of mixed f i ss ion  

p roduc t s  t o  the  Gable Mountain Swamp, scint i l la t ion probe  t r a v e r s e s  w e r e  

made.  

by a l g a e  growing on n e a r -  s u r f a c e  and shore l ine  vegetation. 

Quite  evident f r o m  the  s u r v e y  is the  concent ra t ion  of rad ionucl ides  

Was te  ca lc ina t ion  work in the  325A hot c e l l s  has  been concluded and 

cleanup and d i sposa l  ope ra t ions  are  underway in  p repa ra t ion  f o r  planned 

work  on w a s t e  fixation as g lass .  

The  u s e  of insoluble  ca l c ium b o r a t e  in was te  (as a fluxing agent to  

m a k e  "glasses")  proved outstandingly success fu l  du r ing  s p r a y  calcination. 

A dense  product  w a s  obtained with no opera t iona l  difficult ies.  
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Ruthenium decontaminat ion f a c t o r s  in e x c e s s  of 100 w e r e  obtained 

by p a s s i n g  P u r e x  ac id  concensa te  through a t h r e e -  ce l l  e lectrodionizat ion 
unit containing a 1: 2 volume m i x t u r e  of Dowex 50W-Dowex 1, 20-50 mesh ,  

r e s i n .  

w e r e  t r e a t e d .  

Equi l ibr ium condi t ions w e r e  not a t ta ined  when 2600 bed volumes  

F o r  t h e  Containment Sys t ems  Exper iment ,  modif icat ions to  T -  P lan t  

p r o g r e s s e d  to  a condition a l m o s t  r eady  f o r  containment  v e s s e l  erect ion.  

Two a l t e r n a t e  s y s t e m s  f o r  acquis i t ion  and r eco rd ing  of the  l a r g e  amounts  of 

da t a  (including t r a n s i e n t  p r e s s u r e s ,  s t r a i n s  and t e m p e r a t u r e s )  as well as 
s a m p l e  counting are  being cons idered .  

c o m p a r e  and se l ec t  s imulan t s  f o r  f i ss ion  product  a e r o s o l s  f o r  u s e  in the  

CSE faci l i ty .  

P r e p a r a t i o n s  continced f o r  tests t o  

I n t e r e s t  in the  reopening  of t he  Standard Oil Company of Cal i forn ia  

Rat t lesnake  No. 1 t e s t  well  ex i s t s  i n  numerous  organiza t ions ,  including 

USGS, National Science Foundation and Mohole c o n t r a c t o r s .  

The  "most p romis ing"  dissolut ion p r o c e d u r e  devised to da t e  f o r  P R T R  

mixed oxide fue ls  m a y  not b e  u s a b l e  in the  Redox P l a n t  because  of potent ia l ly  

s e v e r e  c o r r o s i o n  of t h e  steam coi ls .  

In exp lo ra to ry  hot ce l l  s tud ie s  of Salt Cycle  p r o c e s s i n g  of 30 l b  

l o t s  of i r r a d i a t e d  U 0 2  fuel, a highly success fu l  by-product  e lec t rodepos i -  

tion w a s  accompl ished  in which U 0 2  was  s e p a r a t e d  f r o m  plutonium by a 
f a c t o r  of 1000. T h e  high oxygen content (0 to  U ra t io  of 2. 10) of a mixed 

U 0 2 - P u 0 2  product  r ecove red  in  t h e  codeposi t ion s t e p  in a n  e a r l i e r  run  w a s  
success fu l ly  reduced  to  a n  acceptab le  l e v e l  (0 to  U r a t io  of 2.005) by hydrogen 

reduct ion.  

Compar i son  of c u r r e n t  low-level  fallout s a m p l e s  with s a m p l e s  

taken  1 y r  ago show subs tan t ia l  d i f f e rences  in re la t ive  concent ra t ions  of 

Y88 (105 dis) ,  Sb 1 2 4  (60 d i s ) ,  and Zrg5-Nbg5  (65 d is ) ,  implying a f r ac t iona -  
tion phenomenon or a different  s o u r c e  f o r  Y88 and 

the  zrg5-~bg5. 

than  f o r  mos t  of 
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In evaluation of candidate  methods  f o r  a n a l y s i s  of rad io iso topes  in  

b io-medica l  and envi ronmenta l  s a m p l e s ,  work continued on methods f o r  

c e r i u m  and for Po2'' in  soil ,  u r ine ,  and water .  

With the  added ana ly t ica l  capabi l i ty  that  mult idimensional  a n a l y s i s  
24 prov ides  it h a s  proven  poss ib le  to  u s e  N a  

technique the  t r a v e l  time f r o m  P a s c o  to  Vancouver  was de t e rmined  t o  be  

about t h r e e  days  dur ing  t h e  per iod  of peak flow of t he  Snake River .  

as a r i v e r  flow t r a c e r .  By th i s  

P r o g r e s s  is being m a d e  in  development  of a comple te ly  in s t rumen ta l  

method f o r  de t e rmina t ion  of fuel burnup. By d i sc r imina t ing  aga ins t  all 
g a m m a s  that a re  in  coincidence with b e t a s  it is poss ib le  to  m e a s u r e  Ba 1 3 7  , - 

the  daughter  of Cs' 37 (a favored  burnup index) to  &l'% in a 1. 5 y r  old 

m i x t u r e  of unsepa ra t ed  f i ss ion  products .  

Successfu l  high ene rgy  pneumatic  compact ions  have been m a d e  with 

s t ron t ium sulfid.e, a candida te  hea t  s o u r c e  of poss ib le  in t e re s t  f o r  burnup 

re- en t ry .  

.iynthesized, but t h e i r  behavior  in pneumatic  compact ion is not yet 

a s s e s s e d .  

Stront ium hydr ide  and s t ron t ium s i l ic ide  have l ikewise  been 

4. Biology 

Higher  than  an t ic ipa ted  m o r t a l i t y  w a s  obse rved  in chinook sa lmon 

r a i s e d  ir, uncooled K E  Reac to r  effluent wa te r .  

g r e a t e r  sens i t iv i ty  of t he  c u r r e n t  test f i sh  ( P r i e s t  Rapids  s tock)  o r  might 

poss ib ly  b e  a s soc ia t ed  with the.new z i rconium tubes  at KE. 

T h i s  m a y  be caused  by 

F u r ? h e r  s tud ie s  of co lumnar i s  antibody c l e a r l y  ind ica te  that p r e s e n c e  

of such  aa t ibodies  m a y  h e  used  as  a n  ind ica tor  of e a r l i e r  exposure  of fish 

to  the  d i s e a s e .  

A dog exposed 4- 1 / 2 y r  ago to  P u 2 3 9 0 2  shows rad iographic  evidence 

of an  en larg ing  pulmonary t u m o r .  

k i m o r s .  

T h e r e  is also evidence of m a m m a r y  

1 2 3 1 2 4 3  
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The  p ro tec t ive  effect of shielding s h o r t  s egmen t s  of t he  intest ine 

darir_g supra l e tha l  i r r a d i a t i o n  m a y  b e  due, in par t ,  at l ea s t ,  to  t he  p r e s e r -  

vation of t he  m e c h a r i s m  f o r  bi le  salt absorp t ion .  

Y e d x e d  t h i s  absorp t ion  t o  457'0 of normal .  

small ir-testine p r e s e r v e d  677'0 of n o r m a l  absorp t ion .  

Exposure  of rats to 1500 r 
Shielding a 2 in. segment  of t h e  

Cliff swal lows caught in n e t s  d i sgorged  t h e i r  insec ts .  Col lect ing 

t h e s e  d isgorged  i n s e c t s  provides  a unique method of de t e rmin ing  food 

hab i t s  of the  b i r d s  and radiomiel ide intake of the  young; the  food chain f r o m  

r i v e r  to  yourg  b i r d s  m a y  be  analyzed by th i s  method. 

An extens ive  series of t e s t s  on the  uptake of iodide by p lan ts  y ie lds  

da t a  tha t  are mosf;  e a s i l y  i n t e r p r e t e d  in terms of metabol ic  uptake and t r a n s -  

loca t  ion p roc  e s s. 

5. P r o g r a m m i n g  

Hanford fuel cyc le  codes  will be  applied to p red ic t  t he  econom.ics 

and uranium conserva t ion  a s p e c t s  of two a l t e r n a t e  fuel cyc le s  (i. e . ,  U233-Th;  
-5235- F ' U - U ~ ~ ~ ) ,  as well  as i n t e r m i x t u r e s  of t h e s e  v a r i o u s  f is .s i le-fer t i le  

spec ie s .  

TECHNICAL A.ND OTHER SERVICES 

T h e r e  w e r e  no new plutonium cases conf i rmed by spec ia l  b ioassay  

a n a l y s i s  dur ing  the  month. 
r eze ived  ifiternal plutonium deposi t ion at Hanford is 344. 

t ion of one employee and the  t e rmina t ion  of t h r e e  employees  having conf i rmed 

plutonium deposi t ions,  t h e r e  are  c u r r e n t l y  245 individuals  employed a t  

Hanford who have r ece ived  a de tec tab le  in te rna l  plutonium deposit ion.  

The  to ta l  n u m b e r  of individuals  who have 
With the  r eac t iva -  

Two p r o c e s s  s w a m p s  that r e c e i v e  cooling wa te r  f r o m  the P u r e e  

P lan t  b e c a m e  contaminated on June  1 2  as t h e  r e s u l t  of a f a i lu re  of a cooling 

coi l  in a concent ra ted  w a s t e  sampl ing  tank. 

tha t  s o m e  10, 000 c u r i e s  p r i m a r i l y  Zr-Nbg5, Ce' 41 - C e l  44 and Ru 

efitered t h e  swamps .  The  rad ioac t iv i ty  h a s  r ema ined  in the  swamps  and 

aczess to the  swamps  h a s  been cont ro l led  to limit exposure  to  personnel .  

C u r r e n t  e s t i m a t e s  indicate  
1 0 3  
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T r a n s i t  wa te r  fowl that might c a r r y  t h e  contamination off pro jec t  a r e  not 

mig ra t ing  through the  a r e a  at th i s  s eason ,  and cont ro l  m e a s u r e s  to p r e -  

Trent t h e i r  contaminat ion should be completed before  the  f l ights  a r r i v e .  

A fuel e lement  p lacement  p a t t e r n  w a s  devised to  a id  in compar ing  

Var iab le  f a c t o r s  w e r e  oil t r e a t m e n t s  r e su l t i ng  f r o m  a 2x3 f ac to r i a l  t e s t .  

o r  w a t e r  quenching v e r s u s  a -annea l ing ,  p r e -  &Si dipping, or r e g u l a r  

canning. 

A des ign  f o r  a product ion test compar ing  1 2  t r e a t m e n t s  w a s  p r e -  

p a r e d  to  inves t iga te  the d imens iona l -d is tor t ion  p e r f o r m a n c e  of depleted 

u ran ium fuel e l emen t s .  

p lacmg of co lumns  f r o m  a la t in  s q u a r e  will e l imina te  the  effects of a 
l i n e a r  grad ien t  (hence the  r ad ia t ion  effect)  on warp.  

T h e  des ign  used  the  p r o p e r t y  that  t h e  sequent ia l  

A statistical a n a l y s i s  of adult  progeny da ta  f r o m  X - r a y  exposed 

Tr ibo l ium Cas taneum w a s  init iated.  

inves t iga te  the  effects  that  d i f fe ren t  l e v e l s  of X - r a y  exposure  t o  one o r  
both m e m b e r s  of a ma t ing  p a i r  and t e m p e r a t u r e  have on the n u m b e r  of 
add t  progeny produced.  

The pu rpose  of t h e  s tudy is to  

Two r e p o r t s  w e r e  completed by the  HL Computer  T a s k  F o r c e .  T h e s e  

r e p o r t s  d i s c u s s  ten ta t ive  compute r  configurat ions suggested by s e v e r a l  

digital  compute r  m a r x f a c t u r e r s  and the c u r r e n t  l eve l  of s e r v i c e  provided 
t o  Hanford L a b o r a t o r i e s  by EDPO. 

The AEC is about to launch a f u l l  s c a l e  s tudy of t he  impact  of its 
facilities on the nat ional  economy. 

of t he  T r i - C i t y  Area .  

the  e l abora t e  AEC ques t iona i r e  and planning the r equ i r ed  survey .  

As a consequence t h e r e  will be a study 

At the  r e q u e s t  of RLOO, work has  begun analyzing 

The  m o s t  r ecen t  v e r s i o n  of t h e  L i n e a r  P r o g r a m  L P / 9 0  as d i s t r ib -  

uted by SHARE has been m a d e  compat ib le  with H A P 0  EDP equipment,  and 

h a s  been success fu l ly  employed by IPD personnel .  

1 2 3 1 2 9 5  
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SUPPORTING F'JNCTIONS 

P R T R  output f o r  June  w a s  9 0 3  Mwd f o r  an expe r imen ta l  t i m e  

eff ic iency of 5970 and a plant eff ic iency of 4470. T h e r e  w e r e  six opera t ing  

pe r iods  du r ing  the  month, t h r e e  of which w e r e  t e rmina ted  by s c r a m s  and 

t h r e e  w e r e  t e rmina ted  manual ly .  

as of June  30, 1964 ,  follows: 

A s u m m a r y  of the  fuel i r r a d i a t i o n  p r o g r a m  

PuO2-UO2 Othe r  P r o g r a m  To ta l s  
No. Mwd No. Mwd No. Mwd No. Mwd No. Mwd -- - 

- -  - Al-Pu u o 2  
-- 

IE-Core 0 7 1 5 8 6 . 0  7 8  1 1 7 2 3 .  6 8 5  1 3 3 0 9 .  6 
Maximum 303 .  8 302.  6 , 

Aver age  226 .  6 1'50. 3 
In- Bas in  7 572 .  5 25  2673 .  1 40 3768.  3 7 2  7 0 1 3 . 9  
Buried  1 7 .  3 1 7 .  3 
Chem. 

P r o g r a m  
To ta l s  

1 0 3  7 4 3 1 . 6  

7 5  6 0 3 8 . 3  6 7  6 2 2 4 . 9  1 1 8  1 5 4 9 1 . 9  1 7 .  3 261 27762 .  4 

Note: (Mwd Element )  x 20 =-Mwd/tonU f o r  U 0 2  and P u 0 2 - U 0 2 .  

Heavy wa te r  l o s s  f o r  

P r o c e s s .  &3 5 4 6 5 . 8  35 1 9 6 5 .  8 - - -  - 

IIzdicated he l ium l o s s  f o r  J u n e  was  134 ,  8 7 6  scf. 
J m e  p e r  physical  inventory  w a s  7 3  l b  (adjusted).  

On June  22, 1 9 6 4 ,  20, 611  l b  of s c r a p  heavy wa te r  w e r e  shipped to  

Savannah R ive r .  

A to ta l  of 1 3 8  r e a c t o r  outage h o u r s  w a s  cha rged  to  r e p a i r  work. Main 

it, e m  s w e r e :  

Shim rod  r ep lacemen t  
Rupture  Loop r e p a i r s  
"Bit dump valve r e p a i r  
D 2 0  l eak  r e p a i r s  
P r e s s u r i z e r  float switch r e p a i r  
Moat r u p t u r e  d i s c  r ep lacemen t  

M e a s u r e m e n t s  of fuel worth,  void worth and the  worth of s e l ec t ed  

abso rb ing  m a t e r i a l s  at va r ious  c o r e  pos i t ions  in t h e  Plutonium Recycle  
C r i t i c a l  Fac i l i t y  w e r e  completed.  I r r a d i a t i o n s  f o r  m e a s u r e m e n t  of the  

neutron s p e c t r u m  and f o r  flux d is t r ibu t ion  in the  c o r e  w e r e  per formed.  

l i m i n a r y  t e m p e r a t u r e  coefficient of r eac t iv i ty  da ta  w e r e  obtained. 

P r e -  
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The  R u p t i r e  Loop in the  Fuel Element  Rupture  T e s t  Fac i l i ty  was  

removed f r o m  s e r v i c e  on June  14, 1964, when it was  found that  t h e  mixed 

ked ion exchange unit had failed and introduced l o o s e  r e s i n  into t h e  main  

piping. The  l o o s e  r e s i n  h a s  been f lushed out, ion exchangers  have  been 

refilled, and the  j u m p e r s  fabr ica ted .  At month-end, t he  Rupture  Loop 

w a s  r eady  f o r  p reope ra t iona l  tes t ing.  

F u & h e r  chemica l  a n a l y s e s  of the P u 0 2 ,  which w a s  rece ived  dur ing  

the  Apr i l  Redox Campaign, has shown 2 ppm boron contamination. The  

m a t e r i a l  has been accepted  fo r  fabr icat ion.  

Technica l  Shops Operat ion to ta l  e s t ima ted  product ive time f o r  t he  

pe-iod was  25, 352 hr.  Es t ima ted  d is t r ibu t ion  of time was as follows: 
Man Hours  70 of Total  

N- Reac to r  Depar tment  2, 307 9 . 1  

Chemica l  P r o c e s s i n g  Depar tment  634 2. 5 - 
I r r a d i a t i o n  P r o c e s s i n g  Depar tment  4, 411 17. 9 

Hanfo r d  L abo  rat0 ri e s 17 ,  998 71 .  0 
Hanford Uti l i t ies  & P u r c h a s i n g  2 nll 

L a b o r a t o r y  Maintenance Opera t ion  to ta l  product ive t i m e  was  18, 700 h r  

of 21, 200 potent ia l ly  avai lable .  
expended in suppor t  of Hanford L a b o r a t o r i e s  components,  with the  remain ing  

870 d i rec t ed  toward  providing s e r v i c e  f o r  o t h e r  H A P 0  organiza t ions .  

power vhilizatior, (hr; f o r  Jun'e was  as follows: 

Of t h e  total  product ive time, 92% was 

Man- 

A. Shop Work 2 100 
B. Maintenance 7 100 

1. P reven t ive  Maintenance 2 000 
2. E m e r g e n c y  o r  Unscheduled 

Maintenance 1 700 

3. Normal  Scheduled Maintenance 3 400 

C. R & D Ass i s t ance  9 500 
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The heavy wa te r  inventory at  the end of June  1 9 6 4  showed a l o s s  
Heavy wa te r  s c r a p  genera ted  of 700 lb  valued at $9, 681  f o r  t h e  PRTR.  

d r i n g  the  month amounted to  2308  lb, r e su l t i ng  in  a $4, 9 6 6  c h a r g e  to  

3pe ra t i sg  cost .  Heavy w a t e r  r e tu rned  to  SROO amounted to  20, 6 1 1  l b  with 

a 5mr-d valxe of $256,  2 3 4  and a nonfund value of $127,  266 .  

bar-d at June 30, 1 9 6 4  amounted to  2, 7 7 6  l b  va lues  at $32, 822 .  

Tota l  s c r a p  on 

Cumulat ive da ta  of Hanford vis i ta t ions:  

V i s i t o r s  Cen te r  
P lan t  T o u r s  

Number  of V i s i t o r s  
In June  Since 6 - 1 3 - 6 2  

4 1 1 3  71  921  - - -  1 0 6  

Attendance dur ing  the  ce l eb ra t ion  of the second ann ive r say  of the 

Vi s i to r s  C e p t e r  June  1 2 ,  1 3 ,  and 1 4  was  1 , 404. 

Forty thousand people v is i ted  the Richland booth at the  Washington 
Commur_ity F e s t i v a l  in Seattle. 

H A P 0  p ro fes s iona l  r e c r u i t i n g  act ivi ty  f o r  June:  
P l an t  Offers. Of fe r s  Offers Offers  
'Jisits Extended Accepted Rejected mer, 

Ph. D. 1 1  7 5 5 5 

P lacemen t )  0 5 6 1 - 
BS/MS ( P r o g r a m )  0 2 2 1 4 

SS/MS (Di rec t  

Four t een  Technica l  Gradua te s  w e r e  placed on permanent  ass igr-men+,  
and 1 5  r.ew m e m b e r s  w e r e  added. P r o g r a m  s t r eng th  a t  month end totaled 46,  

Authorized funds f o r  11  ac t ive  p r o j e c t s  to ta l  $10, 520,  500. The 

to ta l  e s t ima ted  cos t  of t h e s e  p r o j e c t s  is $11, 308, 5 0 0 .  

th rough May 31, 1 9 6 4  w e r e  $3, 495 ,  6 6 5 .  

Expendi tures  

Manage r, Hanford Lab0 rat o r i e  s 

HM P a r k e r :  JEB:da  
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REACTOR AND FUELS IABORATORY MONTHLY REPORT 

JUNE 1964 

TECHNICAL ACTIVITIES 

A ,  FISSIONABLE MATERIALS - 02 PROGRAM 

1, Metall ic Fuel Development 

Comparative Swelling of Uranium Alloy Fuels,  Eight KSE-5 f u e l  
elements were discharged from KER Loop 2 after a t t a i n i n g  an average 
exposure of approximately 1400 Mud/tono 
of a l t e r n a t e l y  loaded h e 1  elements containing uranium with low i ron  
and s i l i c o n  addi t ions (N-fuel composition) and elements with approd-  
Plately 400 ppm iron and 800 ppm aluminum as addi t ives ,  ( B r i t i s h  f u e l  
composition)b 
ranged from 524 t o  525 C over t h e  length of t h e  charge with maximum 
f u e l  temperatures near 600 C o  
pre- and pos t - i r rad ia t ion  bulk d e n s i t i e s  measurements show a s ig-  
n i f i c a n t  d i f fe rence  i n  swel l ing behavior of t h e  t w o  f u e l  compositions 
with the iron-aluminum add i t ive  f u e l  showqng cons i s t en t ly  l e s s  
swelling, 
fue l  was 1 ,2  vol$  compared t o  the  peak swel l ing of t h e  N-fuel of 

The loop charge consis ted 

The volume mean fie1 temperatures of t hese  elements 

Fuel swelling d a t a  obtained from 

?he peak f u e l  swel l ing of t he  iron-aluminum containing 

2a1 vol%. 

A similar charge of e igh t  KSE-5 f u e l  elements of t hese  two composi- 
t i o n s ,  cu r ren t ly  being i r r a d i a t e d  t o  a goal of 2500 Mwd/ton, w i l l  
provide add i t iona l  d a t a  on t h e  e f f e c t  of iron-aluminum add i t ives  on 
f u e l  swelling, 

N-Reactor Fuel Evaluation, Post- i r radiat ion radiometal lurgical  
examination of both t h e  inner  and outer  components of a high ex- 
posure N-Reactor fuel element has been completed, The outer  come 
ponent w a s  i r r a d i a t e d  t o  3070 Mwd/ton and incurred 3,,64 vol% 
swell ing and t h e  ME a t t a i n e d  2440 Mwd/ton exposure and incurred 
1017 vol% f u e l  increase,  
or c losure  performance was observed, 

grain boundary tearing' '  was found i n  t h e  f u e l  of t h e  outer  component, 
?he r e l a t i v e l y  l a r g e  number of i r r egu la r  pores present  i n  t h e  f u e l  
i nd ica t e s  t h a t  "grain boundary tear ing"  was a m a J o ~  f a c t o r  cont r ibu t ing  
t o  t h e  observed swel l ing,  

No evidence of inadequate cladding, bond, 
Void formation r e s u l t i n g  from 

11 

Post - i r rad ia t ion  nondestructive t e s t i n g  of N-fuels i r r a d i a t e d  i n  KER 
loops has given ind ica t ions  of possible  de fec t s  i n  t h e  c losures  of 
two outer  f u e l  tubes (NOEOs), Super f ic ia l  examination of one of 
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these elements i n  Radiometallurgy f a i l e d  t o  show evidence of a 
surface defect  o r  i r r egu la r i ty .  Destructive examination i s  i n  
progress 

Fluted Fuel Element I r r ad ia t ion ,  Two N-single tube f u e l  elements 
wi th  f l u t e d  outer  surfaces  are i n  t h e i r  12th cycle  of i r r a d i a t i o n  
i n  the  ETR M-3 pressurized loop. 
of approximately 2200 Mwd/ton, t h e  elements had undergone a volume 
increase of 2,3$e 
spec i f i c  power of 140 kw/ft  and a corresponding fuel temperature 
of 550 C ,  

After an accumulated exposure 

These elements a r e  operat ing with a maxinntm 

Fuel Element Measurements, 
data was made for  t h e  KER K-4-13, 14,  15 ,  and K-3-18 N-fuel charges, 

A comparison of dens i ty  and dimensional 

A good co r re l a t ion  was found between t h e  percentage volume change 
and percentage cross-section area change f o r  t h e  NOE components. 
A reasonably good corre la t ion  between percentage chsnge in volume 
and percentage change i n  t h e  OD w a s  found f o r  those NIE components 
having greater than Oak% swelling, In both cases  t h e  d a t a  were 
uncorrected f o r  f u e l  element length changes, and it can be expected 
t h a t  these  cor rec t ions  would further improve t h e  co r re l a t ion  of 
data obtained from the  two separate  measurement techniques e 

Analysis of pre- i r rad ia t ion  dens i ty  data show t h a t  bulk f u e l  element 
dens i t i e s  of both the  inner and outer components were constant 
within 0,54% on a 95% confidence l i m i t ,  
i r r a d i a t i o n  dens i ty  can be used as a separate check on other  
mea sur emen t t ec hni que s 

lhis constant pre- 

KER Co-producer Test, Thirteen 1025% enriched d r ive r  elements and 
t h e i r  companion aluminum-lithium t a r g e t  elements were discharged 
from KER b o p  3 after a t t a i n i n g  an average exposure of about 
1300 Mwd/ton. Four d r ive r  elements i n  t h e  center  of t h e  charge 
swelled i n  excess of 2 ~ 0 1 % ~  A maximum f u e l  swelling of 363 vol% 
was observed i n  a f u e l  element which operated with a maximum f u e l  
temperature of approximately 530 C t o  an exposure of approximately 
1850 Mwd/ton. A f u e l  swel l ing of 3,6 ~ 0 1 %  (at  2000 Mwdhon) was 
predicted on t h e  basis of previous KER f u e l  i r r a d i a t i o n  data .  

Re- and post- i r radiat ion dens i ty  measurements made on t h e  13 
t a r g e t  elements revealed no evidence of swel l ing i n  t h e  t a r g e t  
a l loy .  
without evidence of bonding, The d e n s i t i e s  of sec t ions  of t he  
t a r g e t  core  from t h i s  element were determined and d id  not differ  
s i g n i f i c a n t l y  from the  pre- i r rad ia t ion  values ,  
changes i n  t h e  diameters of t h e  Zircaloy cans were detected as a 
r e s u l t  of i r r a d i a t i o n ,  

The Zircaloy-4 can from one t a r g e t  element was s t r ipped  

In  addi t ion ,  no 
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Target Element Development, 
i r r a d i a t e d  t o  high exposure i n  KER b o p  2 has continued, 
2ircaloy-h samples from the "bonded" areas analyzed 0,03 ppm 
tritium, which is  not s i g n i f i c a n t l y  d i f f e r e n t  from t h e  t r i t i u m  
content of nonbonded areas, 
e f f e c t  the  t ranspor t  of t r i t ium t o  t h e  Zircaloy can, 

Examination of t h e  t a r g e t  elements 

Ths, t h e  "bonded" regions did not 

As part of the program for t h e  evaluation of t he  i r r a d i a t i o n  
performance of a l t e r n a t e  target mater ia ls ,  t he  following t a r g e t  
materials have been fabr ica ted  as tes t  elements and charged i n t o  
a KER test loop: 

40 ~ 0 1 %  L i A l Q  - 60 ~01% Al 
50 ~01% L M O 2  - 50 V O ~ %  Al 
40 vol% Li2SiO3 - 60 vol% Al 
50 vol% Li2SiO3 - 50 vol$ A 1  
Li2SiO3 

50 w t %  ISA102 
14 wt% Li-Mg a l l o y o  

L i  A102 
50 Wt% L i z S i 9  

Co-producer Target Elements , The first co-producer production 
t e s t  i n  t h e  N-Reactor w i l l  involve near ly  800 elements, Plese 
elements cons i s t  of an outer  d r ive r  f u e l  element and an inner  
t a r g e t  rod, 
r e s t s  with Hanford Laboratories,  t h e  d r ive r  elements with NRD, with 
scheduled r e a c t o r  charging by August 1, 1964, To da te ,  t h e  t a r g e t  
element f ab r i ca t ion  is over one-third complete, Over 10,000 
supports were welded onto t h e  Zircaloy she l l s ,  These shel ls  have 
been autoclaved t o  provide a pro tec t ive  outer  sur face  aga ins t  water 
corrosion and an aluminum di f fus ion  b a r r i e r  on t h e  inner sur face ,  
Zhe machining, assembly, and welding of 240 b i l l e t  shel ls  and cores 
were completed ahead of schedule, These b i l l e t s  were coextruded 
i n t o  1/2" dia  eter rods w i t h  various cladding thicknesses  t o  give 
a constant  L i E  d i s t r i b u t i o n  per  uni t  length of element, Barring 
unforeseen d i f f i c u l t i e s ,  t h e  de l ivery  of these  elements i s  expected 
t o  be on schedule, 

Fabricat ion r e s p o n s i b i l i t y  for the  t a r g e t  components 

e r ia l ,  - The extrusion of 227 b i l l e t s  of 
get material f o r  t h e  N-Reactor charge 

has been completed, The extrusions were made a t  a 20 t o  1 a rea  
reduct ion,  and the r e s u l t i n g  surface f i n i s h  and unbonded in t e r f ace  
between core and c lad  appeaps very good, 

The use of an Aquadag coated b i l l e t  and a Bentonite grease contain- 
i ng  lead f i n e s  d r a s t i c a l l y  reduced the  frequency of extrusion d i e  
pickup, A sand b las ted  OF vapor blasted surface p r io r  t o  the  
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appl ica t ion  of t h e  Aquadag on t h e  b i l l e t  w a s  found a l s o  t o  be 
very e f f ec t ive  i n  preventing t h e  aluminum from ga l l i ng  t o  t h e  
d i e  

A number of coextrusion b i l l e t s  w a s  extruded pr ior  t o  the be- 
ginning of the N-target element extrusion run t o  arrive a t  a 
b i l l e t  preheat temperature and an extrusion speed which would 
insure unbond between clad and core while providing a good 
surface f i n i s h  on t h e  extrusions,  Based on t h e  above r e s u l t s ,  
t h e  b i l l e t s  were preheated t o  175 C and extruded at a die exit  
speed of 600 inches/minute, 

Work i s  being planned t o  coextrude Al c lad  3% Li-A1 from the  
&-inch container at  a reduction of 50 t o  1 in an e f f o r t  t o  
determine i f  a s e t  of  conditions can be a r r ived  at which w i l l  
prevent bonding at t h i s  reduction, SUCCeS6 of t h i s  test w i l l  
enable fu tu re  N - t a r g e t  material t o  be extruded from t h e  4-inch 
container on t h e  product department extrusion press, 

TarRet Element Fabricat ion,  
N-Reactor required an assortment of welded j o i n t s ,  

Fabricat ion of t a r g e t  elements for 
The Zircaloy 

outer cans f o r  t h e  elements have supports a t tached by resistance 
welding, These have been completed-approximtely 20,000 welds, 
Every weld has been recorded on t h e  Brush osci l lograph,  
every t h i r d  element (54 welds),  a sample piece was run with a 
weld for tear t e s t i n g ,  two welds for shear t e s t i n g ,  and two 
welds t o  be used for a l t e r n a t e  tes ts  as required,  When 180 
elements (3240 welds) had been run, t h i s  was reduced t o  a test  
piece a f t e r  every f i f t h  (90  welds) element, 
duced t o  one t e s t  piece after 10 elements, 

After 

This was later re- 

The b i l l e t s  for extruding the aluminum-lithium cores have been 
closed by welding, The b i l l e t  can i s  machined from aluminum 
tubing, A bottom i s  welded i n  cans degreased, and after loading, 
a top  is  welded on, This operation was ca r r i ed  on manually us ing  
a turn tab le ,  Welding w a s  done using DC wi th  helium shie ld ing  gas, 
The operator had manual cont ro l  of t h e  cur ren t  and b i l l e t  ro t a t ion ,  
The torch  was hand held,  

Capsule I r r ad ia t ion  of Uranium Alloy Swellinn Studies, Seven 
ingots have been consumable a r c  melted i n  support of t he  above 
program, Variables inelude composition, hes t  treatment,  and 
melting h i s to ry ,  
i s  divided i n t o  dingot uranium (low carbon) and ingot uranium 
(500 ppm carbon),  Heat Nos, 170, 171, and 172, Table I, were 

The uranium r a w  mater ia l  i s  1047% enriched and 

vacuum induction melted i n  the  306 b i l d i n g  from t h e  ingot 
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material. 
a r c  furnace, 

These were extruded and remelted i n  the  consumable 

Heat No, 173 was double vacuum a r c  melted from t h e  ingot uranium, 
Heat No, 174 w a s  s ing le  vacuum arc  melted and w i l l  be f u r t h e r  
d i lu t ed  by remelting i n  t h e  vacuum induction furnace. 
Nos, 175 and 176 were arc melted from b i l l e t  stock received from 
Msllinckrodto 
t r e a t e d  and coextruded without arc melting; however, attempts t o  
beta hea t  treat t h e  b i l l e t s  produced severe cracking and sal- 
vaging of t h e  material w a s  necessaryo 

Heat 

Original plans called f o r  t h i s  material t o  be heat 

TABLE I 

ARC CAST URANIUM ALLOYS 

Weight, 
lbs .  

68 

55 
65 
41 
58 

55 
91 

Composition. A i m  

400 800 500 

175 85 100 1000 
800 500 

2.0 
6,O 

800 LOW 
300 260 L o w  

Remarks 

Vacuum induct ion cas t  and 

Remelt , 
a rc  c a s t ,  

Double axc melted, 
Arc c a s t  master a l l o y  fo r  

Cracked, Mall i n c h  odt 
vacuum induct ion remelt , 

b i l l e t s ,  dingot,  a r c  cas t  
remelt 

Alternate  Uranium Composition. 
t h e  e f f e c t s  of a l t e r e d  f u e l  compositions upon f u e l  element fabr ica-  

Studies aze i n  progress to  determine 

t i on ,  corrosion behavior, and i r r a d i a t i o n  swel l ing r e s i s t ance ,  

Samples of 1.47% enriched uranium base f u e l  alloys fabr ica ted  t o  
0,600-inch diameter Zr-2 c lad  rods were heat t r e a t e d  i n  both t h e  
beta  and gamma phases and are being examined f o r  s t ruc tu re  evaluat ion,  
Three a l loys ;  U + 1075 w t %  Zr + 700 ppm Al, U + l 6 5 5  wt$ Z r  + 80 ppm 
Si ,  and U + 1.70 wt$  Dlb + 380 ppm Al; were observed t o  have inclusions 
tha t  formed from t h e  melt and were insoluble i n  t h e  so l id ,  Sections 
of these were examined by Ferguson at MCW with  t h e  e lec t ron  micro- 
probe and the  inclusions qua l i t a t ive ly  iden t i f i ed ,  
U-*-Si a l loy ,  t h e  inclusions contain U, S i ,  and Z r  i n  a r a t i o  of 
about 10, 15-20, and 70, respec t ive ly ,  

In  the  case of t he  

The inclusions i n  t h e  U-Zr-A1 

1 2 3 7 3 0 3  



A-6 

a l l o y  contain no uranium, only Zr  and Al, and a r e  a high per- 
centage !&, In  t he  U-Nb-A1 alloy some Nb-A1 inclusions were 
noted and some inclusions iden t i f i ed  that contained Nb only, 
Other massive inclusions were not  i d e n t i f i e d  but d id  not  contain 
Nb or  Al and are presumed t o  be UC or  UNO 
f o r  the  high carbon or ni t rogen a t  t h i s  time and no indica t ion  of 
t h i s  from the  chemistry of the  material, 

There is no explanation 

Iden t i f i ca t ion  of I r rad ia ted  Fuel ELementso 
f u e l  elements a r e  dis t inguishable  from na tu ra l  uranium elements 

Currently, enriched 

i n  t h e  pickup basin aftep discharge by d i f fe rence  in length,  
This method of d i f f e r e n t i a t i o n  i s  inherent ly  expensive, and 
d i f f e ren t  methods a r e  being examined, 

Preliminary t e s t s  were run t o  determine whether sur face  marks 
shallow enough t o  pass acceptance spec i f ica t ions  could be seen 
and recognized under the l i g h t i n g  and operat ing conditions 
normally obtained at t h e  pickup chutes ,  
included coarse and f ine  knurls, circumferent ia l  grooves, s p i r a l  
indentat ions,  and sand blasted sur faceo  
dis t inguished at t h e  bottom of t h e  basin,  

Surface markings tried 

None of these could be 

It w a s  suggested that Zircaloy does no t  normally become encrusted 
w i t h  f i l m  during i r r a d i a t i o n  as aluminum does, and it seems pos- 
sible t h a t  a band of zirconium plated on t h e  aluminum jacke t  
might show up a f t e r  t he  element i s  i r r ad ia t ed  as a darker  or 
l i g h t e r  a rea  than t h e  remainder of the  jacke t ,  
t es t ,  t h r e e  aluminum dummy s lugs  were banded w i t h  a thin s h e l l  of 
&, These are t o  be placed i n  flow loops i n  t h e  r eac to r  areas, 
where water composition and temperature are t h e  same as in-reactor 
and where it i s  known t h a t  t,he film n o r m l l y  forms on aluminum 
jacke ts ,  If these  samples show a di f fe rence  i n  appearance between 
t h e  Zr  and Al surfaces ,  placement of Zr  by p l a t i n g  w i l l  be s tudiedo  

As a preliminary 

-Detector 
which was discharged from K E 3  Loop 2 after receiving 1000 Mwd/ton, 
is being examined i n  Radiometallurgyo No def ic ienc ies  i n  i r r ad ia -  
t i o n  performance have been observed, 

The thorium-fueled f u e l  fou l ing  probe, 

A second fuel foul ing de tec tor  continues t o  operate s a t i s f a c t o r i l y  
i n  KER Loop 4, 

Welding, 
by r e s i s t ance  project ion welding have been put i n  t h e  400 C ,  
1500 p s i  steam autoclave,  Examination of micro sec t ions  of three 
welds ind ica tes  t h a t  t he  phonograph f i n i s h  cap may well  be superior  

Twelve of t h e  20 N-Reactor outer  element sec t ions  closed 
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t o  the previous project ion design, 
600 t o o l  O o O I O ' s  cut  w i t h  0,020'' feed, 
f i n i s h  which i s  then remved i n  areas where bonding i s  not de- 
siredo Examination a l s o  confirmed suspected machine misf i r ing  
i n  one case, 

This cap is machined with a 
This produces a phono 

Electron Beam Evaporator, 
been develoDed f o r  the  placement of copper on end caps used i n  

A new and m o r e  economical process has 

the hot-headed and project ion welded end closure,  
involved machining the caps, immersion p l a t i n g  with copper, and 
remschining, w i t h  a high r e j e c t  rate on f inished caps, The new 
process deposi ts  a much higher qua l i t y  and cleaner  copper f i l m  
by vacuum evaporation through a spec ia l  msk, l eav ing  the  deposit  
only on the required areas of t h e  cap, With t h i s  process it is 
possible  t o  use caps that are nachined or coined t o  f i n a l  dimen- 
sions,  e l iminat ing at least one machining s tep,  I n  t h e  process 
developed, t h  copper was deposited at t h e  r a t e  of 1 mil/hr at a 
vacuum of lo-' Torr and a power l e v e l  of 5 kw, Five-tenths mil 
of copper was deposited i n  t h e  first run, but other  thicknesses 
Vi11 be t r i e d  t o  determine t h e  optimum f o r  the closure,  
pected tha t  0 , l  mil o r  less m y  be adequate, 

The old process 

It i s  sus- 

K-5 Fuel Charging Force Studies,  F r i c t ion  coe f f i c i en t s  associated 
with charging K-5 f u e l  elements i n t o  Zircaloy-2 process tubes,  were 
used as the basis f o r  evaluat ing charging behavior of th ree  K-5 
f u e l  support configurations,  
and s p l i t  weld arch rails were evaluated, 
was noted for any p a r t i c u l a r  rail type as far as charging forces 
are concernedo 
t i o n  and supports i n  t h e  4 5 O  or i en ta t ion  (g rav i t a t iona l ly  s t a b l e  
pos i t i on ) ,  a r e  0,54 f o r  present bridge type rails, Oo55 f o r  the  
proposed t i e  sect ion,  and O,5O f o r  t h e  proposed s p l i t  weld arch . 
rails ,  

Bridge rails, aluminum t i e  sect ions,  
No s i s i f i c a n t  advantage 

Average f r i c t i o n  coe f f i c i en t s ,  with water lubrica-  

N-Reactor Fuel Support Development 
modified N-inner supports are being invest igated,  
the  s t r i p  width dimension on the  proper t ies  of individual  supports 
and t h e  support assembly i s  being determined, Modification of t h e  
inner supports t o  a narrower width is being considered because of 
t h e  possible  necess i ty  f o r  increased coolant flow i n  the  annulus 
occupied by the  inner supports,  

The mechanical propert ies  of 
The e f f e c t  of 

Dual Arrpose In-reactor Capsule, The capsule containing aluminum- 
l i thium, ceramic, and cermet targets and a zirconium oxidation and 
hydriding capsule was discharged from K - F a s t  a f t e r  56 days at f u l l  
reac tor  power. '&e capsule i s  be ing  disassembled i n  Radiometallurgy 
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Laborstoryo 
been removed, 
cladding of other t a r g e t s  

Outgassing data were t d e n  at several  temperatures, 360-410 c 
(680-770 F), from t h e  lithium-aluminum target w i t h  t h e  r eac to r  
i n  operation and at severa l  temperatures, 300-370 C (572-698 F), 
during reac tor  shutdown t o  e s t ab l i sh  the  f lux  e f f e c t  and deter- 
mine t h e  temperature coe f f i c i en t  f o r  tritium evolution, 

So far, only the  ceramic and cermet t a r g e t s  have 
There was no obvious d i s to r t ion  of t h e  aludnum 

2, Corrosion and Water Quality Studies 

Process Assistance f o r  X P D  Reactors, The e f f e c t s  of methods of 
heat treatment on 304 stainless s t e e l  sheaths of res ie tance  
temperature element were invest igated i n  regard t o  res i s tance  t o  
stress cracking suscep t ib i l i t y  i n  bo i l ing  MgC12 s o ~ u t i ~ ,  
Cracking s tar ted i n  one t o  four hours on an as-machined specimen, 
i n  4-1/2 t o  6-i/2 hours for  specimens treated 48 hours at 800 F, 
and i n  bl t o  100 hours f o r  those treated two hours at 1200 Fa 
Specimens heat treated f o r  one hour st 1850 F and cooled i n  
furnace, s t i l l  a i r ,  or a i r  blast showed no cracking during t h e  
543-haur t e s t ,  The use of s t a i n l e s s  s t e e l  sheaths is being in- 
vest igated as a possible means t o  e l iminate  p i t t i n g  of t he  present 
Inconel sheaths , 

2 e m e n t s  , 
posed i n  two s t a i n l e s s  steel  loops t o  high temperature, pH 10 

Zirccnium-clad f u e l  elements ex- 

ammoniated water were v i sua l ly  examined following t h e i r  recent  dis- 
charge, 
black f i l m  s i m i l a r  t o  magnetite i n  appearance, Unheated zirconium 
rods,  used as f l o w  s p l i t t e r s ,  had the same appearance, There w a s  
no va r i a t ion  w i t h  posi t ion i n  t h e  fue l  column, 
from KER-3 had a d u l l  red-brown f i l m  that appeared very patchy. 
Flow pa t te rns  were observed behind t h e  supports,  'Rae unheated 
t a r g e t  elements ins ide  t h e  NOEGs had a black Zip02 f i l m  w i t h  very 
l i t t l e  crud, The films. on both these  charges were considerably 
d i f f e r e n t  from t h e  br ight  reddish-brown films observed on elements 
discharged from a carbon steel loop (KER-1) operating at t h e  same 
temperature and water aua l i t v ,  The r e s u l t s  may a lso  be dis- 
t inguished from previous experience i n  the same two loops with 
pH 1 0  l i t h i a t e d  water i n  which black shiny 25-02 w i t h  no crud deposit  
has been observed on most discharged fuel elements, 

The KSE-5 elements from KER-2 were covered w i t h  a d u l l  

The NOE elements 

R d d n t o  
Fate of loss of ammonia from t h e  N-Reactor primary coolant by 
rad io lys i s  du r ing  low power, high temperature operation w i t h  

Measurements were =de of the 
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anmroniated water at pH 1o0l4 
day or  26% of the in jec t ion  rate, 
pared t o  22~30% found i n  severa l  measurements i n  the  KER loops 
operat ing at  a comparable feed-and-bleed r a t e ,  

The l o s s  r a t e  was 21-lb NH3 per 
This loss rate may be com- 

Carbon S t e e l  Corrosion i n  Anxuoniated Coolant, 
reduction i n  corrosion rate with t i m e  has been observed i n  tests 
of' t he  corrosion of carbon s t e e l  coupons exposed a t  300 C i n  the  
TF-1 and TF-4 ex-reactor loops t o  pH 10 m n i a t e d  water. Rates 
between.200 and 1000 hours averaged 0,32 m i l  per year;  these 
f e u  t o  0.15 m i l  per year between 1000 and 2200 hours. The 
average r a t e s  of f i l m  buildup a lso  f e l l  o f f  during the  same 
period of t i m e ,  from 53 mg/dn?mo t o  26 mg/d2m04 

A s ign i f i can t  

- Corrosion of Copper Alloys by Ammonia, Samples of s t ressed  
commercial bronze were exposed i n  both the  l i q u i d  and vapor 
Phases of ref luxed pH g o o  NH4OH so lu t ions  at 200 F and room 
temperature f o r  one m n t h ,  
2 mils deep were observed on t h e  samples exposed i n  'the vapor 
phase at  200 F. 
comnercisl bronze f i t t i n g s  were exposed i n  t he  l i q u i d  phase of 
pH 10 NH40H at 200 F and room temperature i n  a refluxed system, 
Large amounts of black corrosion films were observed on the  
samples and some ' tuberculat ion ( ind ica t ing  p i t t i n g  was occurr ing)  
w a s  observed. 

S t r e s s  corrosion cracks approximately 

In another set of t e s t s ,  copper tub ing  and 

Metallographic examination i s  being conducted, 

N-Reactor Steam Generator Tubin& 
mine the p o s s i b i l i t y  t h a t  r e s i d u a l  p ick l ing  ac id  (HNO3-HF) i n  
t h e  steam generator tubing during f ab r i ca t ion  could cause in t e r -  
granular attack, 
placed on s t r i p  samples. 
i n  8 r e l a t i v e l y  moist atmosphere t o  simulate t h e  environment 
ins ide  t h e  tubing; these samples developed a light-green corro- 
s ion  product at t h e  ac id  t r ea t ed  a reas  and at other  a reas  where 
condensation occurred. All samples were charged i n t o  a heat  
treatment furnace t o  simulate annealing and s e n s i t i z a t i o n  heat 
treatments,  Following t h e  heat t reatments ,  t h e  samples were 
wetted w i t h  Chattanooga City water and s tored i n  a moist water 
atmosphere, Extensive corrosion products developed at  t h e  
treated areas, Metallographic examination a t  t h e  corroded a reas  
has revealed in te rgranular  a t t a c k  as deep as 10 grains after only 
two weeks of exposure i n  t h e  samples subjected t o  t h e  r e l a t i v e l y  
moist atmosphere following ac id  treatment 

Work w a s  continued t o  deter- 

Acid drople t s  of various concentrat ions were 
Some of t he  s t r i p  samples were kept 

Chemonuclear Studies  Aqueous so lu t ions  of ammonium hydroxide 
were i r r ad ia t ed  i n  the  in-reactor single-pass f a c i l i t y  t o  study 



the  formation of hydrazine, 
p s i s  pressure and about 20 C, 
concentration of 800 t o  850 ppm, 350 ppb hydrazine was produced 
with a 25-minute in-flux holdup time, 450 ppb with 45 mfnutes, 
330 w i t h  91 minutes, and only 53 w i t h  245 minutes, 
o r  l e s s  o f  hydrazine was pradueed i n  sidlap tests w i t h  30 ppm 
a m n i a  feed, Excensive decomposition of ammonia t o  N2 and % 
was encountered, The eonversion r a t i o  (moles of N2H4 f rmed per 
mole NH3 decomposed) increased fPom 5 x 10-5 t o  5 x 10' as the-  
ammonia eoncentration w a s  increased from 30 t o  800 ppm, The 
conversion r a t i o  decreased as the  holdup t i m e  was increasedo 
The hydrazine content of" the  product samples f e l l  o f f  with t i m e  
(from 450 ppb t o  230 ppb after one day and 5 ppb after 1 0  days),  
ind ica t ing  the  hydrazine i s  unstable ,  

The t e s t s  were conducted at  1000 
With i n i t i a l  ( i n l e t )  ammonia 

Gnly a 2 ppb 

One t e s t  was conducted w i t h  3% boric acid t o  atudy t h e  effect of 
alpha rad ia t ion ,  
1 6  ppb hydrazine was produced, Ihe conversion ra t io  vas 4 x lo"?, 
Although not conclusive , t h i s  ind ica tes  that alpha r ad ia t ion  gives 
mueh b e t t e r  y i e ld  than gamma and fast neutron r ad ia t ion ,  

With 50 ppm ammonia and 22 minutes holdup, 

One test  w a s  conducted t o  study t h e  production of hydrogen peroxide 
from deionized water, 
ta ined w i t h  a 280-minute holduF tune, 

A product concentration of 1 0  ppm was ob- 
. 

The oxidation of 
l es  i n  helium 

containing 1IzS CO, and H20 is reduced by the  presence of  t h e  bulk 
f i l m ,  al lowing hydriding t o  take place,  Variation of hydrogen 
partial pressure i n  t h e  gas mixture ind ica tes  a pressure e f f e c t  
on hydriding, as w e l l ,  for th i ck  f i lmed samples, Under condi t ions 
in which t h e  oxide f i l m  on Zircaloy i s  permeable t o  hydrogen, the  
hydriding rate is dependent on t h e  hydrogen partial pressure,  

3 Experiment, A t h i r d  oxida- 
t i o n  t e s t  i n  t h e  compatibi l i ty  loop was made at 820 C w i t h  an i n l e t  
gas composition of 260 ppm H 2 0 p  lObO'ppm Hzb and 1000 
helium, 
i n t e r i o r  r a t e s  0,2 t o  1 , O  x 10-7 g/g==hr bcfo HW-82428 A, p. A-9I0 

pm CO in 
Surface oxidat ion r a t e s  were 0,6 t o  1,8 x LOqg g/g-hr and 

Certain t rends  were observed along t h e  length  of the  bar and across 
t h e  bar ,  
m r e  adequately study these e f f e c t s  

A new oxidation bar, now i n  t h e  loop, was designed t o  

DECLASS I FED 



DECLASSlFl ED 
A-11 

4, Process Tube Development 

Irradiated Tube Testing F a c i l i t y ,  
contain~rent  vessels  have been t e s t e d ,  u t i l i z i n g  uni r rad ia ted  

Three of t h e  five new furnace 

sec t ions  of N-Reactor tubing, 
3 C (37 F )  w a s  obtained from top  t o  bottom on these sec t ionso  

Temperature uniformity within 

Three add i t iona l  i r r a d i a t e d  KER tube sec t ions  were burs t  t e s t e d  
during the  past month, Test r e s u l t s  are being analyzed. 

5,, Thermal Hydraulic Studies 

Thermal Hydraulic Charac te r i s t ics  of N-Reactor Fuel Columns, 
Analyses were continued of laboratory experiments using an 
electr ical ly-heated,  full-scale model of the  downstream ha l f  of 
an N-Reactor fuel column, 
in hazards analyses and establishment of therm1 hydraulic opera- 
t i n g  limits f o r  N-Reactor. 

The results of  t h e  study w i l l  be used 

Equations were developed t o  allow ext rapola t ions  of the  laboratory 
data concerning f l o w  and pressure drop ' to  pressure conditions other  
than those run i n  the experiments, 
r a t i o s  of two-phase t o  liquid-phase pressure drops t o  t he  r a t i o s  o f  
two-phase t o  liquid-phase spec i f i c  volumes f o r  the various port ions 
of the  f u e l  column, The equations f i t  t h e  experimental data within 
10% and allow construct ion of flow pressure drop curves f o r  a l l  or 
various p a r t s  of t h e  N-Reactor f u e l  column and o u t l e t  piping from 
condi t ions of all l i q u i d  flow t o  those a t  which bo i l ing  burnout 
would be expected t o  occur, 

This  w a s  done by r e l a t i n g  t h e  

. 

Calculations were -de t o  determine t h e  e f f e c t s  on t h e  pressure drop 
data of using a "stepped" cosine heat d i s t r i b u t i o n  ( r a the r  than a 
Pure cosine heat d i s t r i b u t i o n )  i n  t h e  laboratory tes t  sec t ion ;  al- 
though t h e  steam qual i ty  d i s t r i b u t i o n  along t h e  length of t h e  tes t  
sect ion would be somewhat d i f f e ren t ,  it was found t h a t  the over-al l  
Pressure drop across  t he  f u e l  column would not d i f f e r  by more than 
2 o 5%.  

Calculations were also made t o  determine t h e  e f f e c t s  on flow t r i p s  
of using o r i f i c e s  t o  limit flow r a t e s  i n  t h e  f r inge  zones of t h e  
r eac to ro  
t r i p  s e t t i n g s  t o  cause a reac tor  shutdown i n  case of bo i l ing  burnout 
conditions occurring i n  one of t h e  individual  flow channels of t h e  
f u e l  element colunmo 
quired t o  prevent b o i l i n g  burnout conditions were prepared. These 
curves w i l l  be presented i n  the  repor t  (HW-80692) of the  steady s t a t e  
r e s u l t s  of the  laboratory experiments performed for  the N-Reactoro 

It w a s  found t h a t  o r i f i c i n g  a tube would requi re  c lose r  

Representative curves of t r i p  s e t t i n g s  re- 
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Hydraulic Tests f o r  Present Production Reactors. 
nerformed i n  t h e  hydraulics laboratory t o  determine t h e  f l u i d  

Tests were 
- - ~ -  - 
flow c h a r a c t e r i s t i c s  of an improved f u e l  suppart design for 
the  KVN and KVE I&E fue l  charges in a K-Reactor Zircaloy-2 
process tube,  The standard rail which i s  present ly  i n  use 
presents a f l a t  face perpendicular t o  t h e  annular coolant flow 
passage causing undesirable pessure losses between t h e  upstream 
and downstream port ion of t he  fuel column, The modified rail, 
when viewed p a r a l l e l  t o  t h e  flow stream, f o r m  an arch,  thus  
permit t ing coolant flow through t h e  length of support raile 

Reduction of the flow re s i s t ance  in t he  annular region of t h e  
f u e l  and tube assembly through t h e  use of t h e  modified support 
rails would permit an approximate flow increase of 608% with 
t h e  KVN h e 1  and 8,0% with t h e  KVE f u e l  a t  t h e  present f r o n t  
header and r e a r  header opera t ing  condi t ions,  

Operation of t he  Heat Wansfer Apparatus at 3800 KW, 
was performed t o  v e r i f y  t h e  capaci ty  of the  e l e c t r i c a l  r e c t i -  

A t es t  

o i n k  equipment and t h e  heat  transfer apparatus t o  Operate for 
extended periods of time a t  heat transfer rates of 3800 KW, A 
20 f e e t  long, tubular  type t e s t  s ec t ion  was used t o  generate 
3860 KW (125 VDC a t  30900 amps) f o r  a period of f i v e  hours. 
During t h i s  time spec ia l  recordings were made of t h e  o i l  and 
winding temperatures of t h e  saturable reac to r  and the  two 
transformers s ince  these  components would l i m i t  t h e  apparatus 
from continuous operation above 2700 KW, 
temperature readings indicated t h a t  t h e  equipment could be 
operated a t  3860 KW f o r  at least 12 hours without exceeding the  
continuous temperature r a t i n g  of t h e  equipment, 

Extrapolation of t h e  

6. Shielding Studies 

N-Reactor Shield hra lua t ion ,  Reduction and a n a l y s i s  of t h e  N- 
Reactor sh ie ld  data are continuing, 
again ca l ib ra t ed  and irradiated at  t h e  PCTR, This i r r a d i a t i o n  
confirmed analyses and indicated t h a t  background subt rac t ion  i s  
nat necessary for  t h e  L i  6 de t ec to r ,  
i r r a d i a t i o n  has begun, 

The Li6 de tec to r s  were 

The N-3 power ascension 

B. WEAPONS - 03 PROGRAM 
Research and development i n  t he  f i e l d  of plutonium metallurgy con- 
t inued i n  support of t h e  Hanford 234-5 Building b e r a t i o n s  and 
weapons development programs of t h e  University of Cal i forn ia  
Lawrence Radiation Laboratory (Project  Whitney), 
a c t i v i t i e s  are reported separa te ly  v i a  d i s t r i b u t i o n  l is ts  appro- 
p r i a t e  t o  weapons development work, 

Details of these  - 
DECLASSIFIED 
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C, REACTOR DEYELOPMENT - O b  PROGRAM 

1. Plutonium Recycle Program 

Fuels Development 

Water Tube ( Inver ted  Clus te r )  Fuel Element. A f u l l  length,  
S ib ra t iona l ly  compacted U@, Mark IX-B water tube ( inverted 
c l u s t e r )  f'uel element w a s  successfu l ly  i r r a d i a t e d  i n  t h e  PRTR 
Fuel Element Rupture T e s t  F a c i l i t y ,  ?his t e s t  i s  the  f irst  of 
a long (97 inches) ,  i n t e r n a l l y  cooled element. Maximum tube 
power of 356 kw was achieved at bo mw r eac to r  power before  t he  
tes t  was temporarily in te r rupted  by failure of t h e  FERTF ion 
exchanger, Post- i r radiat ion examinat ion showed the element is  
i n  exce l len t  condi t ion,  A second assembly is being f ab r i ca t ed ,  

PRTR h e 1  Element P e r f o r m c e o  
t h e  incrementally loaded, swage-compacted, U02-005 wt% pU% 
PRTR fue l  element (F,E,-5168) t h a t  failed a t  an exposure of 
5120 Mwd/ton revealed i n t e r n a l  corrosion and penetrat ion of 
t h e  Zircaloy cladding, This f a i l u r e ,  the f i r s t  of i t s  type 
observed at Hanford, i s  charac te r ized  by l ack  of f u e l  swelling; 
a small (0,025 mm), h ighly branched, r a d i a l l y  or ien ted  pinhole 
penetrat ion through t h e  cladding; and, no hydride p rec ip i t a t ion ,  
Similar appearing failures of Zircaloy-clad U02 elements of l ike 
exposure experienced r ecen t ly  at APED are t e n t a t i v e l y  a t t r i b u t e d  
t o  i n t e r a c t  ion between f i s s i o n  product iodine and Zircaloy 

Pos t - i r rad ia t ion  examination of 

Cladding Evaluation, 
of s t ab le  f i s s i o n  product iodine on Zircaloy-2 cladding, 
unusual cladding failures at  5000 Mwd/ton or greater at  GE-APED 
and a t  HL may have been caused by t h a t  i n t e rac t ion ,  

Tests were i n i t i a t e d  t o  determine t h e  e f f e c t  
Recent 

Several  sealed Zircaloy bombs containing I2 eguivalent t o  t ha t  
formed i n  300 PRTR operat ing d a y s ,  and water s u f f i c i e n t  t o  produce 
aa i n t e r n a l  pressure of 1800 p s i g  were autoclaved s i x  days i n  400 C, 
500 p s i g  steam, 
or  approximately 30% of y i e l d  s t r eng th ,  
failures were observed, white oxide was produced on the Zr-2 ex= 
posed t o  iodine,  
i s  being repeated using i n e r t  gas pressur iza t ion  f o r  s t r e s s i n g  t h e  
zr-2 0 

The pressurized bombs were stressed t o  9700 ps i ,  
Although no corrosion 

Water may have affected t h e  r eac t ion ,  so t h e  test 

A ful l - length,  swaged Uo;! fue l  rod containing 165 mg I2 was fabri-  
cated for in- and ex-reactor t e s t i n g ,  

UNCLASSIFIED 
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Hydriding of PRTR Fuel ELements. 
f i l l e d  PRTR f u e l  rods were hydrided i n  an argon-8% hydrogen 
atmosphere, 
served i n  one of the two sanrples after 16 hours at 425 C, 
Metalloep.aphic examination of the  two samples ind ica ted  a n  
apparent greater  tendency f o r  hydride formation i n  t h e  crevice 
region, although a c t u a l  failure of  the one sample occurred outside 
the  region, 

Two end cap sec t ions  from un- 

Catastrophic hydriddng below t h e  end cap w a s  ob- 

I r r a d i a t i o n  Tes t ing  of EBWR Prototypic Fuel Rods. 
of 22 short  rods containing vibrationally-compacted, impacted 
U02-105 w t $  Pu02 EBWR fue l  continued. 
( f i v e  with plenums) are  being des t ruc t ive ly  examined after ir- 
rad ia t ion  t o  2.0 x 1020 f i s s i o n s / c d  (7100 Mwd/ton U02), 

I r r ad ia t ion  

Ten similar specimens 

Extensive columnar grain sowth a d  a c e n t r a l  vo id  was observed 
i n  a t es t  specimen ( w i t h  plenum) that had generated a ca lcu la ted  
surface heat f l u x  of 315 w/c$ (106 Btu/hr-f t2) ,  The end of the 
s t a i n l e s s  s t e e l  plenum sp r ing  had reacted w i t h  t h e  Zr02 pellet 
and/or t he  f u e l o  An i d e n t i c a l  test  rod tha t  generated 158 w/c$ 
( ca l cu la t ed )  incurred no reac t ion  or other  change of e i t h e r  t h e  
spr ing  or Zr% p e l l e t ,  
of f i s s i o n  products occurred a t  t h e  ZrQ-fuel i n t e r f a c e o  

An autoradiograph showed t h a t  no d i f fus ion  

A tes t  rod (without plenum) t h a t  generated 25 w/cn? (80,000 M u /  
hr- f t2)  showed no grain growth or s i n t e r i n g ,  
rod develoDed slight indica t ions  of s i n t e r i n g  at t h e  fuel  center  
l i n e  during i r r a d i a t i o n  t o  0040 x 1020 f i s s i o n s / c d  (1520 Mwd/ton 
U%) a t  an estimated sur face  heat f lux  of 113 w/cG (360,000 Btu/ 
h r - f t z ) ,  Fourteen percent of the  krypton and xenon was released, 
A t h i r d  capsule,  operated at a hea t  f lux of 337 w/c& (1.07 x lo6 
Btu/hr-f t2) ,  developed columnar gra in  growth over 75% of t h e  c ros s  
sec t iona l  a r e a p  and autoradiographs revealed t h e  expected w e l l  
defined regions of high and low r a d i o a c t i v i t y  l e v e l s  and s o l i d  
so lu t ion  formation, 

An i d e n t i c a l  test  

Wire Enriched Fuel Element, Analysis of microsamples from a t r ans -  
verfie c ross  sec t ion  of t h e  plutonium wire enriched fuel element 
(GEfI-4-88) showed t h e  plutonium, o r i g i n a l l y  introduced a s  0,102 c m  
(0.040 inch)  diameter w i r e ,  became uniformly d i s t r i b u t e d  throughout 
t he  center  half  of the f u e l  during i r r a d i a t i o n ,  Plutonium conccn- 
t r a t i o n  i n  t h e  enriched region i s  approximately an order Of magni- 
tude grea te r  than t h a t  found i n  t he  outer  volume of fuel. Fiss ion 
product d i s t r i b u t i o n  i s  similar t o  that observed i n  U02 f u e l  elements, 

UNCLASSIFIED 
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PRTR Fuel Fabrication. Study of Nupac (high energy rate pneu- 
matic mechanical impaction) process var iab les  continued, using 
mixed oxides with c lose ly  cont ro l led  oxygen-to-uranium r a t i o s  
A new s t r a i n  gage system using t h e  bending beam p r inc ip l e  was 
successfu l ly  used f o r  qua l i t y  cont ro l ;  it c o r r e l a t e s  t h e  f u e l  
densi ty  of t h e  mixed oxide w i t h  t h e  impaction c h a r a c t e r i s t i c s  
of t h e  Dynapak machineo 

2, A recent  batch of U02 prepared from 
meta l l ic  uranium f o r  use i n  EBWR loading f a i l e d  t o  meet t h e  
dens i ty  spec i f i ca t ion  after pneunratic impaction, X-ray d i f f r a e -  
t i o n  analyses revealed a second phase, t e n t a t i v e l y  i d e n t i f i e d  as 
U02+ 
i s  e f imha ted  by a heat treatment i n  w e t  hydrogen, 
hypothesized that t h e  U02+x phase is concentrated i n  the  center  
of t h e  U02 p a r t i c l e s ,  
impaction heat ing probably forms gas bubbles t h a t  prevent densi- 
f i c a t i o n  t o  t h e  required 99% TD, 

Specified dens i ty  can be achieved after t h e  foreign phase 
It i s  now 

Decomposition of t h e  UO2+x during pre- 

Pneumatic Impaction of Mixed OxEdes, Eight hundred and t h i r t y -  
four kilograms of mixed oxide were compacted by t h e  Nupac process,  
O f  t h i s  amount, 750 k i log ram were f o r  t h e  EBWR, 48 kilograms f o r  
t h e  PRTR, and 42 kilograms f o r  t h e  PRCF f u e l  programa 

PRTR Fuel Element Fabricat ion,  Fuel assemblies f a b r i c a t i o n  f o r  
t h e  PRTR included t h r e e  1% mixed oxide elements and th ree  1/2% 
mixed oxide eiements t o  be used fo r  t e s t  purposes other  than PRTR 
i r r a d i a t i o n ,  The t h r e e  spec ia l  t e s t  elements contain 7 , T 9  13a51,  
and 1?"8% Pu-240, respec%ively,  and w i l l  be used i n  t h e  PRCF, 

Inclusions have r ecen t ly  been detected i n  swaged f u e l  rod ciadding, 
Preliminary inves t iga t ions  have not indicated t h e  source; t h e  
swaging machine w a s  completely disassembled for inspect ion,  cleaning, 
and replacement of any worn parts, 

i n  PRTR, A t e s t  
has been approved Fn which a Zi rca loy  rod supporting Zr-2 and 2I.-4 
sample r i n g s  with var ious pretreatments w i l l  be at tached t o  a 
standard moxtyl f k e l  element c l u s t e r  and charged i n t o  PRTR i n  
July 1964 

0, 
s t a i n l e s s  s t e e l  tub ing  connecting t h e  HX-5 t o  t h e  rupture  monitor 
indicated a l e a k +  Five c lose ly  spaced cracks i n  t h e  tube i n  t h e  

A pressure t e s t  of l /b-inch 
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l eak  area,  o r ig ina t ing  on t h e  outs ide of  t h e  tube,  appear t o  
be stress corrosion cracks caused by ch lor ide  from an un- 
ident i f ied  SOuCea 

I r r ad ia t ion  Effects  on t h e  Corrosion of PRTR Zircaloy-2 Process - Tubes, 
pressure tube, exposed 200 days at  water temperatures i n  excess 
of 400 F (233 C), ind ica tes  oxides equivalent t o  4 1  me/& 
weight gain f o r  both ID and OD sur faces0  
independent of f lux  densi ty  i n  the  range 4 x loL2 - 2 x 1013 nv 
fast ( >  1 Mev), 
21 mg/dm would have been expected, including an estimated 16 mg/ 
dm2 from t h e  o r i g i n a l  autoclave f i l m ,  Metallographic estimation 
of oxide f i l m  from t h e  uni r rad ia ted  downstream end of t h e  process 
tube i s  21 mg/dm2, i n  agreement with t h e  f i l m  thickness  interpo- 
l a t e d  from ex-reactor corrosion curves , 

Metallographic e m i n a t i o n  of a discharged PRTR Zr-2 

Oxide thickness  was 

I n  the  absence of rad ia t ion ,  weight gains of 

Borescope Inspection of t h e  PRTR Top Shield and Calandriao 
v i sua l  inspection of t he  carbon s t e e l  tube through t h e  top  sh ie ld ,  
t h e  aluminum shim sea l ing  gasket face, some of t h e  external portion 
of t h ree  aluminum shroud tubes,  and t h e  t o p  of t h e  aluminum plenum 
p l a t e  was made by in se r t ion  of  a borescope through 8 shim hole, 
Heavy r u s t  was observed i n  t h e  t o p  sh ie ld  hole which had spal led,  
deposi t ing on t op  of t h e  ca landr ia ,  
p l e t e ly  covered w i t h  rust, m e r e  was a dense oxide on t h e  shroud 
tubes above t h e  water l i n e ;  a reddish deposi t  was observed below 
t h e  water l i n e ,  

A 

The shim gasket face  was com- 

Inspection of PRTR Deaerator, 
deaerator  have been repeated, 
of 40 mils per yeex; t h e  deepest observed was 160 m i l s ,  

P i t  depth measurements on t h e  PRTR 
The p i t s  a r e  deepening a t  t h e  r a t e  

Decontamination, An aqueous so lu t ion  of 00?5 NH4OH, 0 ,s  E N#,, 
and O a 2 5  EDTA (Na)4  (KAPIPHV) w a s  t e s t e d  as a s ing le  s t e p  decon- 
taminant f o r  s t a i n l e s s  s t e e l  systems , 
3 t o  8 were obtained on samples from PRTR jumpers after 17 hours of 
exposure at 95-96 C In beakerso 
over-all  DFvs up t o  1 4 ,  w a s  obtained after another 24-hour exposure 
t o  f r e s h  so lu t ion ,  These DFcs are comparable t o  those  obtained 
w i t h  other decontaminants; t h i s  so lu t ion  warrants f u r t h e r  evaluat ion,  

Decontamination f a c t o r s  of 

Additional decontamination, with 

Reactor Components Development 

F r e t t i n g  Corrosion Inves t iga t ion ,  The v ibra t ion  monitor t ransducers  
and e lec t ronics  were ca l ib ra t ed  during t h e  last reac tor  outage, It 
w a s  found t h e t  t he  transducers were completely serviceable  after 
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being i n  t h e  r ad ia t ion  environment of t h e  PRTR lower access  a rea  
and that t h e  maximum deviat ion from t h e i r  o r i g i n a l  ca l ib ra t ion  
was 6%0 
and a t t i t u d e  as during the  previous operat ion,  

The u n i t s  were r e i n s t a l l e d  i n  t h e  same tube, loca t ion ,  

The reac tor  s t a r t u p  of June 1 5  and consequent operation a t  70 Mw 
produced an increase i n  i n l e t  jumper v ibra tory  motion of two 
(1653 and 1354) of t h e  t h r e e  tubes monitoredd 
1449, is responding very near ly  as it d id  during t h e  Apri l  opera- 
t i n g  period, 

The o ther  tube, 

Typical values f o r  t h e  t w o  periods a r e  as follows: 

Tube 1354 Tube 1653 
A p r i l  Present . A p r i l  Present 

Nominal peak-to-peak 
amplitude, mils 300 6,6 4 , O  6 , 5  

2 Osci l la t ion ,  m i l s  001 0,8 001 005 

The primary pump and f u e l  element-pressure tube combinations were 
t h e  same i n  both periods,  Other r eac to r  parameters, such as 
pressures ,  temperatures, and flows of t he  p r i w y ,  moderator, and 
secondary systems, a r e  v i r t u a l l y  t h e  sameo Thus, it is f e l t  t h a t  
var ia t ions  observed i n  t h e  v ib ra t ion  l e v e l s  a r e  not d i r e c t l y  
a t t r i b u t a b l e  t o  t h e  more obvious operat ing parameters, 
postulated t h a t  v ibra t ion  amplitudes r e s u l t  from a complex com- 
binat ion of two fac to r s ;  onel a basic  v ib ra t ion  l e v e l  which i s  
c h a r a c t e r i s t i c  of p r inc ipa l  r eac to r  parameters, and, two, a varying 
and metastable magnitude which r e s u l t s  from sources present ly  un- 
determined, 

It i s  

A water sample taken June 16 analyzed a t  1.7 ppb i n  zirconium 
content ,  
defined as C1 ppb) and presumably i s  ind ica t ive  of  f r e t t i n g  corro- 
sion but may be due t o  t h e  p r io r  charge-discharge operat ions,  
Additional samples have been taken but a r e  not ye t  analyzed, 

%is reading i s  considered above normal (which has been 

A t e s t  w a s  performed a t  70 Mw operat ion which increased t h e  i n l e t  
and o u t l e t  primary bulk temperatures approxinrately 20 degrees from 
normal, 
increased 2 , 2  mils, This condi t ion i s  being invest igated i n  d e t a i l ,  

The msximum peak-to-peak amplitude o f  v ibra t ion  on 1653 
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2 , Plutonium Ceramic Fuels Research 

Radioaaphic  Inrage In t ens i f i ca t iono  
Image Orthicon (image i n t e n s i f i c a t i o n )  TV system t o  x-ray and 
gamma r ay  radiography indica tes  system re so lu t ion  and s e n s i t i v i t y ,  
w i t h  dynamic response which equals or exceeds t h a t  of conventional 
time exposure radiographic techniques , Readout phosphwe and 
o p t i c a l  coupling t o  t h e  !LV system w i l l  be optimized before a 
quant i ta t ive  comparison is made, 

Plutonium Ceramics I r r a d i a t i o n ,  
P U N - W  cermet were discharged from t h e  ME4 after approximte ly  
20 x 1020 fissions/cm3 exposureo 
t o  Hanford for pos t - i r rad ia t ion  examination, 

The second capsule of UN-20 w t l  PUN (GFZ-14-617} was dischsrged 
f r o m t h e  MTR, 

charged (GEH-14-618) has a burnup of about 2 0 5  x 1020 fissions/cr$ 
(-9,000 Mwd/ton ); it is undergoing post-Irradiat ion examination, 

I n i t i a l  appl ica t ion  of an 

Specimens of PUN-Pu cermet and 

These capsules Xi11 be returned 

The a p r o x i m t e  burnup on t h i s  specimen is 
5 x 1020 fissions/crn 3 (~18,000 Wd/ton) ,  The f i r s t  capsule dim- 

Beta Plutonium Sesquioxideo 
beta-Pu203 w e  being invest igated,  
by heat ing Pu02 and carbon i n  vacuum and subsequently a r c  melting; 
however, small amounts of carbon remain, To prepare carbon free 
beta-Pu203, Pu02 was heated t o  1700 C f o r  three hours In  VBcUuIpe 
heated t o  1500 C i n  pure hydrogen, and arc melted, fn sequence, 
The product was s ing le  phase and has an oxygen de f i c i en t ,  f l u o r i t e  
s t ruc tu re  of composition PuOlD710 
oxygen contamination of t h e  a r c  melting a tmsphere ,  

The prepsrs t ion a d  proper t ies  of 
This compound can be formed 

This high O / P u  r a t i o  is due t o  

P ~ O l , 5 1 ~  which gave a s ing le  phase beta-Pu203 p a t t e r n  on the 
x-ray spectrometer, was prepared by heat ing Pu01,8 with an excess 
of plutonium hydride i n  high vacuum E a r  t h r e e  hours at  1650 C o  
The product; many slpall, shiny, meta l l ic  appearing crystals ; ,  was 
subsequently heated t o  1650 C i n  vacuum i n  a Ta c ruc ib l e ,  
g ~ o s s  reac t ion  occurred and t h e  s in te red  product w a s  e a s i l y  
separated from the  c ruc ib l eo  The preliminary conclusion is that 
Ta and beta-Pu203 are compatible 

No 

M e  beta-Pu203 prepared by a r c  melting a P L I O ~ , ~ - C  mixture begins 
t o  oxidize at 200 C i n  air, w i t h  complete conversion t o  Fu02,o 
occurring below 400 C e  This compound (beta-Pu2Og) is more s t a b l e  
than Paa02-xp which is completely oxidized t o  P U O ~ ~ O  a t  200 C under 
similar conditions 
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!be Plutonium-Boron Systema Rel iminaxy experiments ind ica te  
that, of the four known borides of plutonium (PUB, PuB2, PuB4, 
and AzB6)9 only t h e  diboride is  thermodynamically s t a b l e  below 
goo co 

PuO?-SiOp, 
Si02 chips  and a Fu02 p e l l e t  under one atmosphere of argon. 
Preliminary x-ray d i f f r a c t i o n  and ceramographic examinations 
r evea l  l i t t l e  solid s o l u b i l i t y  between pU02 and Si02. 
micrographs show what i s  probably an eu tec t i c  and a t h i r d  phase 
t e n t a t i v e l y  i d e n t i f i e d  by x-ray d i f f r a c t i o n  as PUSiO4 e 

A plutonia-rich glass was prepared by a r c  melting 

Photo- 

C l a d  Plutonium Cermets, 
(0,6-inch diameter) were prepared by pneumatic impaction, 

The following high dens i ty  cermet d i s c s  

Beta-PupO3-50 vol% W (tungsten C M )  
PUN-50 vo $ W ( tungsten c l a d )  
~ ~ 0 2 - 6 2  w t $  (80 Ni/20 C r )  (80 Ni/20 C r  c l a d ) ,  

3. Ceramic (Uranium) Fuels Research 

F iss ion  Products i n  Metall ic Uranium Inclusions i n  I r r ad ia t ed  UO?, 
Preliminary radiochemicsl analyses  show concentration of C s  and S r  
i n  metallic uranium formed during high temperature i r r a d i a t i o n  of  
U02. The uranium inclusions were se l ec t ive ly  leached with HC1,  and 
radiochemical analyses  showed 1000 times more Cs-137 and t e n  times 
more Sr-90 i n  t h e  leach solution than i n  the U02. 
cent ra t ion  of RU-106 i n  t h e  meta l l ic  inclusions was observed, 

No selective con- 

I r r ad ia t ion  of Uranium Monosulfide, A small, 0.25-inch diameter 
cyl inder  of s in t e red  uranium monosulf ide,  i r r ad ia t ed  t o  /c* 3 3 x 
1020 f i s s i o n s / c d  a t  (600 C ,  released 3.82 of t h e  f i s s i o n  gas 
formed ., 

I r r ad ia t ion  of Uranium Nitr ide,  Two uranium n i t r i d e  capsules  were 
i r r a d i a t e d  a t  ca lcu la ted  rod powers of 646 w/cm (1g07  k w / f t )  and 
1150 w / c m  (35 kw/f t )  t o  O,18 x 1020 and 0,32 x 1020 f i s s ion /cc ,  
respec t ive ly ,  
Fiss ion gas r e l e a s e  was less than 2%. 

No s i n t e r i n g  of t h e  UN occurred during i r r a d i a t i o n ,  

Induction Heating of UW, 
heat ing i n  a dr ied  argon 8% H2 atmosphere, 
examination of t h e  p e l l e t  c ross  sec t ion  revealed only s ing le  phase, 
near ly  s toichiometr ic  oxide Ea r l i e r  experiments revealed t h a t  
U O Z + ~  w a s  produced i n  t h e  center  of samples induction melted i n  
o a g e n  contaminated argon, 

U02 p e l l e t s  were melted by d i r e c t  induction 
Subsequent ceramographic 
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BeO-Pu02 Studies:  
impactedc 
mained i n t a c t ,  and no unusual neutron a c t i v i t y  was evident 
during or after t h e  compaction, 

Three small cans of a BeO-Pu02 mixture were 
The n i cke l  coa t ing  on hO2 p a r t i c l e s  apparently r e -  

Metai Clad Cermetsr 
tunnsten were applied t o  tungsten-U07 cermets by t r a n s f e r  of t h e  

Uniform, adherent depos i t s  of vapor p la ted  
L " 

tungsten from miiybdenum subs t ra tes  during pneumatic impaction , 

UO?-hr02 Homogeneity Studies,  Autoradiographs of impacted, ball- 
milled UO2-20 w t $  Pu02 powders and of s i n t e r e d  (Uo08ho,2)o2 made 
v i a  eoprec ip i ta t ion  from so lu t ion  show v i s i b l y  i d e n t i c a l  plutonium 
d i s t r i b u t i o n ,  Mixed fue l  powders were dry ball-milled 64 hours t o  
obtain a median p a r t i c l e  s i z e  of 2,7 microns (96% of t h e  p a r t i c l e s  
l e s s  than 10  d c r o n s )  before impaction, The alpha p a r t i c l e  auto- 
radiographic technique was re f ined  by using thinner  (25l.1, 5u, 2 ~ )  
and more sens i t i ve  emulsions t o  improve reso lu t ion ,  
t h i ck  emulsions, t h e  alpha t r a c k s  a r e  inf'requently seen and only 
dots  r e g i s t e r  t he  sources of alpha a c t i v i t y ,  
reduce t r a c k  and dot dens i ty  f a c i l i t a t e  quan t i t s t i ve  ana lys i s  of 
plutonium d i s t r ibu t ion ,  The improved r e so lu t ion  obtained with t h e  
2 micron emulsion revea ls  w h a t  may be an order ing ( l ack  of random- 
ness)  of t h e  alpha p a r t i c l e  sources r e l a t e d  t o  grain boundary 
segregation, 

With 2 micron 

F i l t e r s  used t o  

The e f f e c t  of ball-mill ing time on p a r t i c l e  s i z e  and plutonium 
d i s t r i b u t l o n  is cur ren t ly  being evaluatedc 

High Temperature Dilatometry, 
w a s  ca l ibra ted  aga ins t  tungsten t o  1600 C ,  
l i m i t  of t h e  po lycrys ta l l ine  alumina sample holder i s  1600 C o  
Above t h i s  temperature, sample holder deformation became t h e  
l imi t ing  f a c t o r ,  
as 300 C, 
gradients  across  the  sample holder r e su l t ed  i n  nonreproducfble da t a ,  
A t h e r m 1  expansion curve f o r  s ing le  c r y s t a l  U02 between 300 C and 
1600 C was measured, Glove box i n s t a l l a t i o n  f o r  t h e  apparatus i s  
under way : 

"he high temperature di la tometer  
The upper temperature 

The lower l i m i t  of temperature was es tab l i shed  
Below t h i s  temperature, heat ing rate control and thermal 

E l e c t r i c a l  R e s i s t i v i t y  of Molten U 9 ,  
were obtained f o r  U02 a t  high temperatures (near or above i t s  
melting point of 2800 C )  and pressures  (approx, 70 atmospheres)l 
The values  a r e  higher than expected from extrapolat ion of low 
temperature data but correspond well  w i t h  t h e  e l e c t r i c a l  conduc- 
t i v i t y  t h a t  would be required t o  explain t h e  apparent high thermal  
conduct ivi ty  of U02 near the melting poin t ,  

E l e c t r i c a l  r e s i s t i v i t y  da t a  

UNC LASSIF I D  

I 2 3 1 3  I 8  



UNCLASSIFIED A-21 HW-83000 

Melting Points of Sm2O3 and Nd2030 
and N Q O 3  i n  purified argon and d% Hz-argon, redetermined with 
increased precis ion,  were 2250 2 50 C and 2260 2 30 C, respec- 
t ive ly  e 

The melting poin ts  of Sm2O3 

4, Basic Swellinn Studies 

I r r ad ia t ion  Pro-am 

Uranium Wafers, 0,2 mm i n  thickness  by 3.0 mn i n  diameter, were 
sealed i n  an aluminum capsule and t h e  capsule sen t  t o  t h e  reac tor  
for charging, 
e l e c t r o l y t i c a l l y  for transmission e lec t ron  microscopy i n  order  t o  
d i r e c t l y  view f i s s i o n  event induced defec ts ,  

After  i r r ad ia t ion ,  t he  wafers w i l l  be thinned 

The general  swelling capsule containing enriched uranium specimens , 
t o  which stainless s t e e l  p e l l e t s  were added t o  improve t h e  heat  
transfer cha rac t e r i s t i c s ,  was successful ly  i r r ad ia t ed  a t  a control-  
l ed  temperature of 400 C (752 F ) ,  The successful  modification of 
the thermal c h a r a c t e r i s t i c s  of t h e  capsule provided information 
t h a t  can be used fo r  a t t a i n i n g  g rea t e r  v e r s a t i l i t y  i n  t h e  thermal 
design of fu tu re  capsules 

%e prototype high pressure i r r a d i a t i o n  capsule has been processed 
through ex-reactor t e s t s .  
of 750 C (1382 F)  and a maximum pressure of 157 kg/cm2 (2250 p s i )  
at  525 C (977 F ) ,  The extension of t h e  NaK expansion bellows was 
recorded under a l l  operating condi t ions,  
i n  conjunction with the  thermal data ,  indicated t h a t  t h e  perfor- 
mance of t h e  capsule s a t i s f i e d  a l l  design requirements, 
t h e  f irst  high pressure capsule f o r  in-reactor t e s t  is cur ren t ly  
being constructed i n  accordance w i t h  t h i s  design, 

It w a s  operated at a maximum temperature 

The NaK volume change da ta ,  

As a r e s u l t ,  

Post- i r radiat ion Examination 

Two uranium specimens that  had been i r r ad ia t ed  at  525 C (977 F) t o  
0,03 a t% BOLT., and 575 C (1067 F )  t o  Oo10 a t% B o U o ,  respec t ive ly ,  
were heated i n  vacuum i n t o  t h e  be t a  phase (approx, 750 C o r  1382 F) 
f o r  15 minutes, Both specimens had been previously pos t - i r rad ia t ion  
annealed a t  625 C (1157 F )  f o r  100 hours during which coalescence of 
c rys ta l lographica l ly  a l igned porosi ty  and an increase i n  dens i ty  had 
occurredo 
change i n  dens i ty  was observed, 
however, indicated t h a t  t h e  mador port ion of t h e  porosi ty  is now 
located at t h e  boundaries of t he  alpha grains  which ex is ted  j u s t  
p r io r  t o  t h e  beta anneal,  

After t h e  present anneal i n t o  t h e  be ta ,  no s ign i f i can t  
Preliminary metallographic evidence, 

Two other specimens i r r a d i a t e d  s i m i l a r  t o  
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those which were beta annealed a r e  cur ren t ly  being annealed at 
625 C (1157 F )  f o r  1000 hourso 

Restrained I r r ad ia t ions  

Zircaloy-2 clad rods of uranium and U-2 wt% Z r  a l l o y  are being 
i r r ad ia t ed  i n  NaK-filled capsules t o  provide information on fuel  
performance under various conditions of cladding r e s t r a i n t ,  

Density measurements have been completed on 22 declad samples 
that operated at volume average uranium temperatures, ranging 
from 400 t o  655 C (752 t o  1212 F) for unalloyed f u e l  and from 
475 t o  630 C (887 t o  1166 F )  f o r  U-2 wt% Z r o  Burnup of t hese  
samples as determined from chemical ana lys i s  f e l l  i n t o  t w o  
general  ranges--O,16 t o  0022 at% and 003 t o  0,32 at%, Althaugh 
the re  is  considerable s c a t t e r  i n  the  dens i ty  changes, some quali- 
t a t i v e  conclusions can be made from t h e  data. 

In severa l  alloyed and unalloyed samples with 0,025-inch th i ck  
cladding severe grain boundary t ea r ing  and porosi ty  other  than 
f i s s i o n  gas porosi ty  was observed, 
r e f l ec t ed  by l a r g e  dens i ty  decreasesb No such e f f e c t  was seen 
i n  the  samples w i t h  t h e  th icker  claddingo 
then by t h e  0,035-inch t h i c k  cladding would appear s u f f i c i e n t  
t o  suppresss or  a t  l e a s t  reduce, t h e  grain boundary t ea r ingo  

This structural damage i s  

The r e s t r a i n t  offered 

Second-Phase Dis t r ibu t ion  i n  Di lu te  Alloys of Uranium 

Document HW-80349, which presents  t h e  r e s u l t s  t o  da t e  on t h e  
quan t i t a t ive  metallography of second-phase p s r t i c l e s  i n  d i l u t e  
uranium a l loys ,  has been prepared f o r  publ icat iono 
included an t h i s  document was presented a t  the 18th  Meeting of 
t he  AEC Metallography Group on June 22-24, 1964, a t  Atomics 
In te rna t iona l ,  
s i z e  d i s t r ibu t ions  of t h e  p r e c i p i t a t e  p a r t i c l e s  showed general  
agreement i n  t h e  shape of t h e  d i s t r ibu t ions ,  with c e r t a i n  ex- 
cept ions,  which were r ead i ly  explained on t h e  b a s i s  of t h e  
c h a r a c t e r i s t i c  f ea tu re s  of t h e  pa r t i cu la r  method involved, The 
i n i t i a l  experimental da t a  showed t h a t  t hese  d i l u t e  a l l o y s  behaved 
i n  accordance w i t h  t h e  established theo r i e s  of so l id  s t a t e  pre- 
c i p i t a t i o n  reac t ions ,  although considerable work needs t o  be done 
i n  order t o  determine optimum thermal t reatments  t o  obtain t h e  
most des i rab le  d i s t r i b u t i o n  of t h e  prec ip i ta ted  phase. 

Information 

The th ree  methods used t o  ca l cu la t e  t h e  p a r t i c l e  
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5 0  I r r ad ia t ion  Damam t o  Reactor Metals 

Alloy Selection 

Several n i cke l  base a l l o y s  a r e  being s tudied t o  determine t h e  
e f f e c t s  of i r r a d i a t i o n  and environment upon t h e  mechanical 
propert ies .  
740 C (536, 1076, and 1364 F)  and t e s t e d  a t  room temperature 
and at 700 C (1292 F ) ,  
Inconel 718, Hastelloy C, Hastelloy N, Hastelloy R-235, and 
Hastelloy x-280 show a marked e f f ec t  of i r r a d i a t i o n  temperature, 
Duc t i l i t y  and s t rength  values of these  a l loys  remain good at t h e  
280 C and 580 C i r r a d i a t i o n  temperatures, 
generally observed t h a t  specimevs i r r a d i a t e d  a t  740 C show a 
l a r g e  loss i n  both s t rength  and d u c t i l i t y ,  

These a l loys  are being irradiated a t  280, 580, and 

R o o m  temperature tests on Inconel 625, 

However, it i s  

Tensile specimens of W, W-25 R e ,  "a, Ta-10 W, Mo, and TZM are 
being irradiated t o  determine changes i n  t h e  duct i le  b r i t t l e  
t r a n s i t i o n  temperature 
were sent  t o  t h e  ETR f o r  i r r a d i a t i o n  t o  a goal exposure of 
1 x 1020 nvt. Control tests were s t a r t e d  t h i s  month t o  determine 
the pre- i r rad ia t ion  values of t he  t e n s i l e . t r a n s i t i o n  temperature, 

Three capsules containing these  alloys 

In-reactor Measurement of Mechanical Proper t ies  

A n  in-reactor creep capsule containing an annealed 304 SS specimen 
has been charged i n  the  reactor and w i l l  be brought t o  t e s t  con- 
d i t i o n s  of 20,000 p s i  creep stress and 600 C (1112 F), 
under way at 20,000 p s i  and 500 C (932 F) f o r  t h e  same a l l o  
a creep rate below t h e  minimum resolvable  r a t e  of 2,5 x lO-Y/hr 
a f t e r  1200 hours of t e s t i n g o  
t h e  course of t h i s  t es t ,  an  ind ica t ion  of an increase i n  r a t e  was 
observed, 
t h e  observed increase was s i g n i f i c a n t ,  An in-reactor t e s t  of 304 
SS at 550 C (1022 F) and 20,000 p s i  w a s  terminated a f t e r  600 hours. 
The r a t e  at t h i s  t i m e  was 1,l x 10'6/hr5 

A t e s t  
shows 

During an outage which occurred i n  

A longer outage w i l l  be required t o  determine whether 

A t e s t  a t  500 C (932 F) - 30,000 p s i  has  not accumulated enough 
time t o  determine a creep rate, Ex-reactor and in-reactor  creep 
r a t e s  i n  a l l  cases appear t o  be similar for  t h e  annealed 304 SS, 

I r r ad ia t ion  Effec ts  i n  S t ruc tu ra l  Materials 

The purpose of t h i s  program i s  t o  inves t iga te  t h e  combined e f f e c t s  
of i r r a d i a t i o n  and r eac to r  environment on the mechanical proper t ies  
of  s t r u c t u r a l  mater ia l s ,  Special  a t t e n t i o n  w i l l  be given t o  t h e  
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determination of mechanical property changes produced i n  metals 
by i r r ad ia t ion  at elevated temperatureso 

During May 1964, t h e  50% reduction i n  t o t a l  elongation f o r  
Inconel X-750 specimens, heat-treated i n  helium-fil led quartz 
ampules as compared w i t h  those treated i n  air, wes reported,  
m e  treatments were as follows: (1) i n  helium-fil led qusr tz  
ampules, 2150 F (11'77 C)/2 hrs,  AC; 1550 F (843 C)/24 hrs, AC; 
1300 F (704 C)/20 hrs, AC; (2) i n  air ,  2100 F (1149 C)/1/2 hr, 
RAC; 1550 F (843 C)/24 hrs, RAC; 1300 F (704 C)/20 hrs, RAC. 
The di f fe rences  between these  treatments were: 
helium versus air; ( b )  cool ing rate: slow cooling of specimens 
enclosed i n  quartz ampule versus r ap id  air cooling of specimen 
i n  air c i r cu la t ed  by a fan; end ( c )  solution-treatments: 
(1177 C)/2 hrs, versus 2100 F (1149 C ) / 1 / 2  hr, 

( a )  environment: 

2150 F 

Metallographic examination shows a s ign i f i can t  d i f fe rence  i n  the 
amount and blocky charac te r  of t he  carbide phase i n  t h e  grain 
boundaries, The carbide phase i s  l e s s  abundant for  t h e  more 
rap id ly  cooled a i r - t rea ted  specimen, 
has also shown f i n e r  grains  f o r  those specimens t r ea t ed  i n  air 
due t o  t h e  lower temperature and shorter  durat ion of t h e  solut ion 
treatment used, 
f i n e r  g r a i n s - c o u l d  have r e su l t ed  i n  t h e  d i f fe rence  i n  elongation 
t h a t  w a s  found, 
e f f ec t s  of cooling r a t e  and so lu t ion  treatment on d u c t i l i t y ,  

Metallographic examination 

Both of these  factors--lesser carbide phase and 

Test treatments w i l l  be &e t o  separate  t h e  

Damaue Mechanisms 

The object ive of t h i s  effor t  i s  t o  determine the'mechanismby 
which de fec t s  produced by neutron bombardment i n t e r a c t  with 
d is loca t ions  i n  t h e  metal t o  modify t h e  p l a s t i c  deformation 
c h a r a c t e r i s t i c s  of t h e  metalo 
concerned w i t h  t h e  r o l e  of i n t e r s t i t i a l  impuri t ies  i n  a lpha 
i ron ,  

%e inves t iga t ion  i s  cu r ren t ly  

Further results from computer ana lys i s  of  s t r e s s  r e l axa t ion  
curves have provided in s igh t  i n t o  t h e  processes of thermally 
ac t iva ted  flow, All curves analyzed t o  da t e  have agreed y e l l  
wi th  t h e  t h e o r e t i c a l  expression 2 = (T*/T,,)no Here € , is  
the  observed s t r a i n  r a t e ,  T" i s  t h e  eFfect ive stress, and c0 
and T a r e  m t e r i a l  constants ,  The s t r a i n  r a t e  s e n s i t i v i t y  
c o e f f x i e n t ,  n, is found t o  increase with decreasing temperature 
f o r  both Ferrovac "E" and zone-refined i ron ,  The coe f f i c i en t  is 
lower however, for  t h e  zone-refined iron 

IpaF 
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Another experiment i n  which a s e r i e s  of s t r e s s  re laxa t ion  curves 
were run on Ferrovac "E" i ron  a t  increasing s t r a i n s  showed a 
co r re l a t ion  wi th  t h e  e lec t ron  transmission microscopy work of 
Keh and Weismann, 
value a t  about 3,5% s t ra in  and r emined  constant  up t o  t h e  ul- 
t imate  load poin t ,  
s t ruc tu re  had been produced i n  s imi la r  i ron  specimens by about 
t h i s  same amount of s t r a i n ,  

The values of T* decreased t o  a constant 

Keh and Weisnrann observed t h a t  e stable c e l l  

B r i t t l e  fracture of the  zone-refined i ron  at l i q u i d  ni t rogen 
temperature has been shown t o  be in te rgranular  i n  nature.  
Various heat t reatments  t o  prevent segregation at t h e  grain 
boundaries a r e  under study. 

Oxidation of Refractory Metals 

Corrosion of molybdenum and TZM molybdenum a l l o y  i n  1000 C (1832 F) 
oxygen i s  highly pressure s e n s i t i v e  i n  t h e  range 5 x I O 4  - 
5 x 
alloys.  successful ly  s t r i p s  oxide from the  molybdenum samples .- 

mm Hga A descal ing process developed f o r  n i cke l  base 

ATR Gas Loop Studies 
. 

Progress of Model Loop Construction, 
welder-=qualified t o  t h e  ASME Code--was added t o  t h e  p lan t  min ten -  
ance crew working on loop construct ion,  
force speeded up construct ion s ign i f i can t ly ,  
construct ion of t he  model high temperature gas loop was 80% complete, 
Early i n  July,  t he  gas bearing compressor w i l l  be used t o  c i r c u l a t e  
air ,  at standard temperature and pressure,  i n  t h e  loop for  t h e  
i n i t i a l  phase of  loop s t a r tup ,  

On June 1, 1964, a second 

This addi t ion  t o  t h e  work 
As of June 18, 1964, 

Helium Furif i ca t ion  System. The helium pur i f i ca t ion  system manu- 
factured by Ehgelhard Indus t r ies  was del ivered ,  
s torage tank  was i n s t a l l e d .  

The l i q u i d  ni t rogen 

Gas Analysis, An absorption column f o r  t h e  gas chromatograph packed 
with Linde 12X molecular s ieve  has produced absorption peaks of im- 
proved sharpness. Three gas standards were prepared and extrapola- 
t i o n  of peak heights  ind ica tes  a lower de tec t ion  l i m i t  of  less  than 
1 ppm f o r  02, N 2 ,  H2, CO, C02, and CH4 i n  helium. 
ca l ib ra t ions  have been completed, and t h e  instrument i s  i n  use for 
ana ly t i c  a1 work ., 

Quantitative 

Cas Phase Corrosion, Haynes 25, a cobal t  base superalloy, has been 
t e s t e d  i n  a 100 Torr oxygen atmosphere and high vacuum a t  2050 F 
(ll20 C), t he  predicted maximum operat ing temperature of t h e  ATR 
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loop s t r u c t u r a l  materials, In 100 Torr oxygen, decreasing the  
temperature from 2192 F (1200 C )  t o  2050 F (1120 C )  results i n  
a ten-fold penetrat ion decrease i n  500 minutes' time, The high 
vacuum t e s t  showed a three-fold decrease i n  penetrat ion (due t o  
evaporation) when the  temperature w a s  lowered from 2192 F t o  
2050 F, 

Radiation Damage Exposure Unit, 
surcnested t o  account f o r  the  e f f e c t  of d i f fe rences  i n  neutron 

An exposure u n i t  t h a t  has been 

sp ig t r a  (HW-SA-3332) on rad ia t ion  induced effects has now been 
appl ied t o  a body of experimental da t a  i n  which a l l  experimental 
var iab les  except t h e  neutron spectrum were held cons tan to*  
Charpy V samples of A-212B s t e e l  were i r r ad ia t ed  i n  two pos i t ions  
i n  t h e  Low In t ens i ty  Test Reactor (LITR),  and i n  one posi t ion i n  
t h e  Brookhaven Graphite Reactor (BGR), 
a f t e r  i r r a d i a t i o n  t o  measure t h e  s h i f t  i n  n i l  d u c t i l i t y  tempera- 
ture  (ANDTI, 

I m p a c t  tests were made 

Exposures were o r ig ina l ly  ca lcu la ted  for neutrons with energy 
grea te r  than 1 MeV on the  basis of an assumed f i s s i o n  spectrum 
i n  each pos i t ion ,  This conventional method of reducing da ta ,  
without considerat ion f o r  d i f fe rences  i n  neutron spectrum indi-  
cated t h a t  a d i f fe rence  of near ly  a f ac to r  of two ex is ted  for t h e  
property change of samples i r r ad ia t ed  t o  t h e  same exposure i n  t h e  
two reac tors .  Exposures t o  neutrons w i t h  energies  grea te r  than 
O,5 MeV were calculated from t h e  same ac t iva t ion  data but with 
e f f ec t ive  cross  sec t ions  ca lcu la ted  f o r  each i r r a d i a t i o n  pos i t ion ,  
The s h i f t  i n  n i l  d u c t i l i t y  temperature on t h i s  exposure b a s i s  
showed no d i f fe rence  f o r  data  obtained i n  t h e  d i f f e r e n t  r eac to r so  
An ana lys i s  of variance ind ica tes  t h a t  with g e a t e r  than 95% 
confidence, t h e  BGR da ta  a r e  not a separate  body of da ta  when 
exposure is expressed as E >O,5 MeV, 

The exposure u n i t  w i l l  be t e s t ed  fu r the r  t o  determine i t s  general  
s u i t a b i l i t y  fo r  r ad ia t ion  damage s tudies ,  If t h e  new exposure 
u n i t  proves sui table ,  i r r a d i a t i o n  da ta  can be applied i n  r eac to r  
design w i t h  reduced r i s k  of f a i l u r e  or c o s t l y  overdesign, 

*Lo E, S tee le  and J, R ,  Hawthorn, "Neutron Embrittlement of Reactor 
Pressure Vessel S tee ls"  reported i n  "Naterials and Fuels f o r  H i g h  
Temperahre Nuclear Energy Applications" (M,  T o  Simnad and Lo R e  Zum- 

W a l t ,  Ed, 1 MIT Press ,  Cambridge e Mass e ,  1964, 
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60 Gas-Cooled Reactor Studies 

Thermal Oxidation of L e x R e  Graphite Samples by Water Vapor, A 
samples 0,426-inch i n  diameter and 2 inches long w a s  machined 
from a graphi te  sample 1 , 5  inches i n  diameter and 12 inches long 
whose oxidation rates were previously repor ted  (August 1963) , 
The oxidation rate of t h i s  small sample was. measured a s  a function 
of temperature us ing  helium containing about 6000 ppm water vapor, 
In the temperature range 802 t o  869 C, t h e  following r a t e  ex- 
pression was obtained: 

Using t h i s  expression and t h e  r a t i o  of the effective-to-bulk 
d i f fus ion  c o e f f i c i e n t  f o r  TSX graphite (2,43 x 10'3) obtained 
by Go F, H e w i t t  of Harwell, t h e  rate of oxidation of an in- 
f i n i t e l y  long cy l inder  1 , 5  inches in diameter w a s  ca lcu la ted  at  
temperatures of  750, 800, and 850 C, 
compare wel l  t o  those  measured on t h e  1,s-inch diameter sample 
from which t h e  small sample was machined, 

These ca lcu la ted  rates 

Platinum as a High-Temperature Thermal-Diffusivity Standard. A 
reference material i s  needed t o  determine t h e  accuracy of high- 
temperature thermal -d i f fus iv i ty  measurements of graphi te  and o ther  
mater ia l s ,  
Slack [Lo A 1 ph s o  35* 339 (1964 ) ] and by Powell [Brit, Lo 
A m l o  PhYS e % 9 -9 & (1%3)], Their measurements i nd ica t e  t h a t  
platinum may be a s a t i s f a c t o r y  mater ia l  f o r  a high-temperature 
standard,  Therm1 di f f 'us iv i ty  was measured by the  "flash" tech- 
nique on two samples of 99,99% pure platinum over t h e  range 25 t o  
500 C. The thermal conduc t iv i t i e s  ca lcu la ted  from t h e  product of 
t h e  thermal d i f f u s i v i t y ,  dens i ty ,  and s p e c i f i c  heat were within 
3% of the values reported by Slack, The measurements i nd ica t e  
t h a t  platinum is  a s u i t a b l e  the rma l -d i f fus iv i ty  standard at  h i g h  
temperatures 

The therms1 conductivity of platinum was measured by 

Evaluation of t h e  Bur re l l  Model K-7 Gas Chromatograph, The Bur re l l  
Model K-7 gas chromatograph was evaluated f o r  ana lys i s  of gas 
mixtures conta in ing  hydrogen, oxygen, nitrogen, methane, carbon 
monoxide, and carbon dioxide,  This instrument has a thermionic 
de t ec to r  ( ion iza t ion  de tec to r  w i t h  thermal emission of e lec t rons  as 
energy source )  and i s  equipped with a gas sampling valve and dua l  
columns e 

Hydrogen, oxygen, n i t rogen ,  methane, and carbon monoxide a r e  ade- 
quately separated by an 8-ft long column conta in ing  30/60  mesh 
molecular sieve 5 A 0  A t  75 C they a r e  a l l  e lu ted  within 4 minutes, 
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For carbon dioxide ana lys i s ,  a 4 - f t  long column f i l l e d  with 
30/60 mesh s i l i c a  gel is used a t  room temperature, The hy- 
drogen, oxygen, nitrogen, methane, and carbon mnoxide e l u t e  
together  a f t e r  about 30 sec, followed by t h e  carbon dioxide 
about two minutes later, 

The de tec tor  is sens i t i ve  t o  all gases except helium, which i s  
used as t h e  c a r r i e r  gas, and t h e  l i m i t  of de tec t ion  i s  about 
1 or 2 ppm, 
l i n e a r  i n  t h e  concentration range from 30 ppm t o  1000 ppm, 
but t h i s  range may be much larger, 
(-50 ppm) it i s  necessary t o  compare peak meas r a t h e r  than 
heights because the  peak shape i s  somewhat d i s to r t ed ,  

The de tec tor  gives a s igna l  which i s  known t o  be 

A t  very low concentrations 

' 

7 0  Boronated-Graphite Studies 

2-C I r r ad ia t ion  Tests, The 2C-2 capsule continues t o  operate 
s a t i s f a c t o r i l y ,  A slight elevat ion of temperatures i n  all 
sect ions has occurred during t h e  i r r a d i a t i o n  period r e s u l t i n g  
i n  t h e  two nominal 538 C (100 F) sect ions t o  operate at  543 C 
(1010 F ) ,  whereas a t  s t a r t u p  t h e  temperatures were about 20 C 
lower 

Four aux i l i a ry  capsules containing 5 and 72, grey and black 
mater ia l  were i r r ad ia t ed  i n  t h e  Snout f a c i l i t y ,  These capsules 
were intended t o  supplement t he  2C i r r a d i a t i o n s  and t o  provide 
data at lower temperatures, a l l  a t  an exposure of abaut 1019 nvt 
(E > 0,18 Mev), 
(650 F ) ,  232 C (450 F ) ,  149 C (300 F), and 343 C (650 F), respec- 
t i v e l y ,  
within 2 t o  5 C of t h e  goal temperatures. 

The capsules were designed f o r  operation at 343 C 

A l l  capsules performed wel l  and developed temperatures 

With t h e  exception of one capsule t h e  samples have been measured 
and the  da ta  analyzed, 

The t e n t a t i v e  conclusions from these  admittedly shor t  exposure 
samples a r e  as follows: 

1, A l l  samples of a given type and boron concentration showed 
an increasing tendency fo r  expansion with decreasing tem- 
pera ture  of exposure, 

2, The t ransverse  black samples showed t h e  greatest expansion 
ranging from about 0,2% a t  150 C t o  about 0,05% a t  340 C, 
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3 0  The dimensional change i n  t h e  t ransverse grey samples and 
i n  a l l  the longi tudina l  samples f e l l  within a band ranging 
from about -0,Ol t o  +O.O7% f o r  exposure at 150 C t o  -Ool t o  
-O,O5% at 340 C o  

4, 

5 a  

The longi tudina l  grey s m p l e s  showed t h e  l a r g e s t  cont rac t ions ,  

Although t h e  data a r e  fragmentary, samples of 7% black and 
7% grey material i r r a d i a t e d  within boronated graphi te  s leeves 
showed contract ion r a t e s  similar t o  those of t h e  sh ie ld  
s leeves and t o  those of unshielded t e s t  samples, 
t h i s  requi res  ve r i f i ca t ion ,  it implies that t h e  n p  alpha 
mechanism may be of l e s s e r  importance than o r i g i n a l l y  thought 
and t h e  f a s t  neutron mechanism of grea te r  importance, 

Although 

Boronated-Graphite Studies., GM-23-9, t h e  replacement instrumented 
lead capsule for GEH-23-7 removed during mid-cycle 63 was charged 
i n t o  t h e  ETR core during t h e  cycle  64 shut,down ea r ly  i n  June, 
temperature data f r o m t h i s  capsule  w i l l  be used t o  estimate the  
temperature of t h e  s i x  capsules charged i n  t h e  same general  
reac tor  loca t ion ,  Two of t hese  capsules,  GEH-23-3 and Gm-23-5, 
were discharged at  estimated exposures of 600 x lo2' and 6,4 x 
1020 nvt ( E  p 0,18 Mev), respec t ive ly ,  
t h ree  boronated-graphite samples, 

The 

EBch capsule contains  

8, Aluminum Corrosion and Alloy Development 

The in-reactor corrosion t e s t  of aluminum-clad f u e l  elements i n  
C-1 Loop a t  pH 4 , 5  and 260 C o u t l e t  temperature continued satis- 
f a c t o r i l y ,  The cladding temperature, as indicated by a thermo- 
couple element, has r i s e n  more r ap id ly  i n  t h e  past month than 
previously,  The cladding temperature no longer drops t o  i t s  
i n i t i a l  value after a reac tor  outage, i nd ica t ing  t h a t  t h e  crud 
and oxide f i l m  i s  more r e s i s t a n t  t o  s p a l l i n g  by thermal shock 
than during t h e  first month of t h e  t e s t ,  
charged a t  t h e  next outage, 

This t e s t  w i l l  be d i s -  

g o  Metall ic Fuel Development 

Irradiat ion Testing of Thor ium-Uranium Fuel Elements Three t e s t  
elements of Th-2,5 w t %  U-loO ut% 2s a l l o y  f u e l  continue t o  show 
exce l len t  i r r a d i a t i o n  performance i n  t h e  ETR P-7 high-temperature 
pressurized-water loopo The maximum exposure i s  cur ren t ly  
7400 Mwd/ton ( 0 ~ 8 5  a t $  BU), 
dens i ty  measurements w a s  0,8 vol% at  0,85 a t% burnup, 
last 4000 Mwd/ton exposure t h e  maximum f u e l  temperature has been 
maintained a t  530 C and t h e  heat f l u x  a t  850,000 Btu/hr-ft2, 

Fuel  swelling based upon f u e l  element 
During t h e  
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10, USAEC,XECL Cooperative Program on Development of Heavy Water 
Moderated Power Reactors 

Thermal Hydraulic Studies,  
t r i c a l l y  heated, 19-rod bundle f u e l  model f o r  laboratory experi- 
ments inves t iga t ing  fog-cooled heat transfer condi t ions,  This 
sect ion w i l l  be 6.3 f e e t  i n  length  and w i l l  be used with spec ia l  
devices t o  cont ro l  t h e  d i s t r ibu t ion  of the  steam-water mixture 
at the  entrance of t h e  t e s t  sec t ion  so as t o  improve t h e  c r i t i c a l  
heat f l u x  condi t ions,  

Fabrication was continued of an elec- 

Fabrication was a l s o  s t a r t e d  on a heater  t o  generate steam for use 
i n  the  experiments, Water w i l l  be d iver ted  from t h e  flow loop 
through t h i s  heater,  converted t o  100% steam, and then mixed with 
water at  t h e  entrance of t h e  t e s t  sect ion t o  form t h e  fog  used i n  
cooling the  t e s t  s ec t iono  

11, Conceptual Reactor Design Studies  

Safety of Mixed P u O p U 0 7  Fuels,  
of reac tor  k ine t i c s  problems assoc ia ted  with mixed oxide fue l s ,  
consideration w a s ’  given t o  t h e  f u e l  “slump” e f f e c t  
ind ica te  po ten t i a l ly  l a rge  pos i t ive  r e a c t i v i t y  increments can 
r e s u l t  from col lapse of t he  oxide within t h e  cladding during an 
excursion i n  a fast r eac to r ,  To estimate t h e  t ime from i n i t i a t i o n  
of melting t o  t h e  100% t h e o r e t i c a l  dens i ty  state, t h e  model assumed 
i s  that of a viscous l i q u i d  f a l l i n g  from r e s t  through a c y l i n d r i c a l  
tube 

To complete t h e  present analyses 

Calcuht ionS 

Boiling H 2 O  Cooling of D20 Moderated Reactors, 
made on comparing t h e  economics f o r  bo i l ing  K20 coolant t o  both 
l i qu id  and boi l ing  D20 coolant ,  

A brief study was 

Several f u e l  element designs and several  l a t t i c e  spacings were con- 
s idered,  
0,1 t o  0 0 2  mil l /kwhr  i n  f u e l  cycle  c o s t s  compared t o  H20 cooling, 
Analyses of t h e  reac tor  p lan t ,  based on Document DP-830 and local 
experience, indicated subs t an t i a l  c a p i t a l  and operating savings 
for H20 cooling compared t o  D20 cooling, These savings a re :  

It was concluded t h a t  D20 cooling provides a saving of 

Reduced D 2 0  losses  0,1-002 mills/kwhr 

Reduced D2 0 inventory 0 0 3-00 4 II 

( including moderator ) 

0.1-0,2 II Reduced c a p i t a l  cos t  
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When these  savings of 0,5 t o  0.8 mills/kwhr a r e  reduced by t h e  
0.1 t o  0,2 mill/kwhr f u e l  cyc le  penalty,  t h e  n e t  advantage of 
H20 cool ing (compared t o  D20 cool ing was estimated t o  be 0.4 t o  
0,6 mil l s /kwhr .  

The major problem of H20 cooling of D20-moderated r eac to r s  has 
been general ly  c i t e d  as "the pos i t ive  coolant void coe f f i c i en t  
Fundamental p r inc ip les  make c l e a r  t h a t  t h e  r e a c t i v i t y  coe f f i c i en t  
of t h e  H20 coolant may be made e i t h e r  pos i t i ve  o r  negative and 
may be cont ro l led  i n  absolu te  magnitude by regula t ing  t h e  r e l a t i v e  
and absolu te  quan t i t i e s  of D20-moderator and H20 coolant and by 
t h e  design c h a r a c t e r i s t i c s  of t h e  f u e l  element and process tube,  
Ekploratory ca lcu la t ions  ind ica t e  t h a t  l a t t i c e s  ' su f f i c i en t ly  t i g h t  
t o  achieve a negative coolant void coe f f i c i en t .  are both t echn ica l ly  
and economically f eas ib l e .  Certain var iab le  l a t t i c e  p i t ch  design 
concepts may not only provide a negative coolant void coe f f i c i en t  
but permit s u b s t a n t i a l  fu r the r  advantages i n  power f l a t t e n i n g ,  
r e a c t i v i t y  cont ro l ,  and f u e l  management. 

12, C r i t i c a l  Flow Studies  

Experiments were s t a r t e d  t o  inves t iga te  t h e  c r i t i c a l  flow behavior 
of two-phase steam-water mixtures from pipes  w i t h  f i t t i n g s  a t  t h e  
discharge end, One of t h e  f irst  questions t o  be answered i n  t h i s  
inves t iga t ion  was whether one of t h e  more advanced c r i t i c a l  flow 
models f o r  straight pipe flow would also be appl icable  t o  a pipe 
with a f i t t i n g  such as a t e e  o r  elbow at  t h e  end, 

A test sec t ion  w a s  constructed cons is t ing  of a length of 1/2" 
schedule 40 pipe w i t h  a 1/2" schedule 40 elbow welded t o  t h e  d i s -  
charge end, 
apparatus so t h a t  t h e  elbow w a s  wholly within a discharge r e c e i v e r o  
By valving t h e  e x i t  l i n e  from the  rece iver ,  t h e  back pressure 
exer ted on t h e  elbow could be regulated,  
runs which have been made t o  da te ,  only low pressure and qua l i ty  
flows have been considered, 
and 252 Btu/lb and mass v e l o c i t i e s  of approximately 1300, 1600, and 
2000 lb / sec- f t2  have been consideredD 
flow r a t e  cons tan t ,  back pressure on t h e  elbow was var ied,  and the  
e f f e c t s  of back pressure on t h e  pressure d i s t r i b u t i o n  w a s  noted, 
The r e s u l t s  of these experiments showed t h a t  va r i a t ions  i n  t h e  
elbow back pressure were propagating up t h e  t e s t  sec t ion  at back 
pressures  considerably below c r i t i c a l  pressure predicted by t h e  
Fauske model, For example, f o r  an enthalpy o f  341 Btu/lb and a 
mss ve loc i ty  of 1328 lb/sec-f t2 ,  t h e  Fauske theory p red ic t s  a 
c r i t i c a l  pressure of approximately 65 ps i a ,  In an experimental 

This tes t  sec t ion  was i n s t a l l e d  i n  t h e  experimental 

In  t h e  preliminary t e s t  

Stagnation en tha lp ies  of 341, 290, 

While holding enthalpy and 

v 
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run with ,hese flow onditions, var ia t ions  in back pressure in- 
fluenced pressures  observed through t h e  elbow and back in to  t h e  
straight pipe f o r  a dis tance of severa l  diameters f o r  a l l  back 
pressures above approximately 45 ps i a ,  
tha t  t h e  Fauske m d e l  might not provide accurate predict ions of 
c r i t i c a l  flow rates f o r  elbows a t  t h e  discharge end of a pipe i n  
t h e  range of o u t i e t  quan t i t i e s  invest igated,  

These results suggest 

13. Upstream BoilinR Burnout Studies 

Additional bo i l ing  burnout da ta  were obtained with an Inconel tube 
0,444-inch I D  by 0,819-inch OD by 60 inches long, 
sheathed-type thermocouples were at tached t o  the  outs ide surface 
along the  24-inch electr ical ly-heated portion of t h  tube ,  The 
t e s t s  were conducted a t  mass v e l o c i t i e s  of 1,O x 10' and 1,5 x 
10 6 l b / h r - f t 2  w i t h  a discharge pressure of 145 ps i a ,  
and downstream type burnouts r e su l t ed ,  

Sixteen 

Both upstream 

It w a s  found that the  mixing of the t e s t  sec t ion  coolant stream 
w i t h  a cold quench water stream can grea t ly  a f f e c t '  t h e  t es t  results 
This mixing a t  the  t e s t  sec t ion  discharge apparently causes ser ious 
pressure f luc tua t ions  which a r e  t ransmit ted upstream i n t o  t h e  
heated region of t h e  test sec t ion  and affect t h e  burnout condi t ions,  
Variations i n  t h e  amount of quench water used not only changed t h e  
hea t  f l u x  a t  burnout but a l s o  moved t h e  burnout loca t ion  f r o m t h e  
downstream t o  upstream loca t ions  

The var ia t ions  i n  pressure f luc tua t ions  wi th  quench water use are 
not r e a d i l y  d i sce rn ib l e  when only a Heise gauge i s  used t o  measured 
t e s t  sec t ion  pressures ,  It was only when t h e  test sec t ion  pressures 
were monitored on a high speed recorder t h a t  t h e  magnitude of t h e  
f luc tua t ions  became apparent,  

14, Nuclear Rocket Fuel Studies 

Thermal Cycling of Tunmten-UOp Cermets 

Previous work indicated t h a t  t h e  thermal cycling behavior of U@-W 
cermets i s  s t rongly influenced by impuri t ies  i n  t h e  hydrogen gas 
atmosphere, Recent evidence suggests t h a t  surface oxide on t h e  
tungsten and/or U02 i s  equally important, To study t h i s  e f f e c t ,  
hydrogen-purified tungsten and UO;! were prepared, and severa l  speci-  
mens were fabr ica ted  from these  mater ia ls  by high energy impaction 
(using a pur i f i ed  hydrogen atmosphere or vacuum f o r  t h e  e n t i r e  
f ab r i ca t ion  process I C  Thermal cycl ing of t hese  specimens, along 
w i t h  as-received and p a r t i a l l y  pur i f ied  cont ro l  samples, i s  i n  progresso 
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Lower U02 los ses  during thermal cyc l ing  of a 20 ~ 0 1 %  UO2-W cermet 
fabr ica ted  by dry pressing and s i n t e r i n g  suggests severa l  addi- 
t i o n a l  procedures t o  be included with t h e  high energy impaction 
process t o  reduce f u e l  loss. Of pa r t i cu la r  i n t e r e s t  8;Fe s t r e s s  
r e l i ev ing  of the  high energy compacts and subsequent s in t e r ing  
t o  improve gra in  bondingo 
samples of 20 ~ 0 1 %  U02 and W were dry pressed and s in t e red  a t  
1750 C f o r  s i x  hours, 
ca t ion  of  e a r l i e r  mater ia l ,  t o  subs tan t ia te  previous cycl ing 
r e s u l t s ,  and ( 2 )  a cermet composed of as-received tungsten with 
new micronized U02 of a smaller ( 5 microns) and more uniform 
grain s i z e  which might improve f u e l  r e t en t ion ,  
Cermet Fuel Fabricat  ion Development 
Densi t ies  of 9 6 , l  t o  98,5% TD were obtained i n  a study of t h e  
e f f e c t  of  pressure and temperature on t h e  dens i ty  of tungsten and 
tungsten-U02 cermet fabr ica ted  by pneumatic impaction, 
ranged from 1150 t o  1250 C and impact pressures  from 260,000 t o  
364,000 p s i ,  One d i s c  of tungsten and one disc of cermet were 
fabr ica ted  i n  each of nine impaction containers ,  Densi t ies  by 
water displacement of t h e  cermet var ied from 96,8 t o  98,5% 'I'D and 
of t h e  tungsten from 96,1 t o  98,1% TD, 
pressure than temperature e f f e c t ,  
hydrogen and checked again f o r  dens i ty ,  

In  8 cont inuat ion o f  t h i s  study, 

These samples consis ted of: (1) a dupli-  

Temperatures 

Results i nd ica t e  more 
The d i s c s  w i l l  be s in t e red  i n  

Two tungsten-U02 cermet and two tungsten 37-hole hexagonal honeycomb 
gr ids  were fabr ica ted  by pneumatic impaction, hydrogen s in t e red ,  and 
sent  t o  L e w i s  Research Center, Three 20 vol$ U02-tungsten and t h r e e  
40 vol$  U02-tungsten cermet d i s c s ,  2 inches diameter and g rea t e r  
than 518 inch t h i c k ,  were a l s o  fabr ica ted  by pneumatic impaction and 
sen t  t o  Lewis Research Center, 

Impact bonding by pneumatic impaction followed by hydrogen s i n t e r i n g  
produced a metal lurgical  bond i n  the  tungsten-to-tungsten-U02 j o i n t s  
of a l/8 inch square honeycomb gr id  fabr ica ted  from NASA r o l l e d  
p l a t e ,  S in te r ing  was done with t h e  molybdenum mandrels s t i l l  i n  
p lace ,  The mandrels were removed with a so lu t ion  of n i t r i c  and 
sulphuric ac id ,  The two grids fabr ica ted  by t h i s  process were 
approximately 1 /2  inch square and 1-3/4 inches i n  length,  

Several  61-hexagonal-rod Cavitron d r i l l i n g  t ools were fabr ica ted  , 
Induction hea t ing  w a s  used t o  provide uniform heat ing and thus  reduce 
t h e  tendency t o  i n i t i a t e  thermal cracks i n  t h e  t o o l ,  S i lve r  brazing 
of t h e  mild s t e e l  hexagonal rods p r i o r  t o  jo in ing  was discontinued 
when simultaneous brazing of t o o l  and t o o l  holder proved successfu l ,  
Alignment of t h e  t o o l s  during brazing was enhanced by using a t r ipod  
holder  tha t  i s  removed a f t e r  brazing,  
tungsten cermet t o  approximately 1 / 2  inch has been reached thus  far 
w i t h  t h e  new t o o l s ,  

Penetrat ion of 20 vol% UO2- 
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Fuel Element Desim and Fabrication 

A f u e l  element design concept based on t h e  use of tungsten-U02 
f'uel p l a t e  stock i s  under study, 
mechanically interlocked p l a t e s  which form a gr id  on continuous 
"egg c ra t e"  having 1/8 inch square c e l l s ,  
on the  fabr ica t ion  of an  unfueled tungsten model of t h i s  f u e l  
element f o r  t e s t i n g  a t  t h e  Lewis Research Center, 

This design cons is t s  of 

Shop work was s t a r t e d  

The use of vapor deposit ion of tungsten on t h e  mechanical "egg 
c ra t e"  assembly is  being considered as a means of both bonding 
of t h e  assembly and cladding of t h e  p l a t e  edges i f  required,  

Submicron U02 Dispersion i n  Tungsten 

Four kilograms of coprecipi ta ted mixed oxides containing 20 vol% 
U02 have been produced by the  s l u r r y  technique as described in 
last  mnthOs repor t .  !this powder has been processed through t h e  
ca lc ina t ion  s t e p  and i s  awaiting reduct ion,  

A portion of t h e  above powder was t r e a t e d  w i t h  w e t  hydrogen at 
750 C u n t i l  t h e  tungsten t r iox ide  had been converted t o  t h e  
dioxide,  The dioxide was then fu r the r  reduced in dry hydrogen 
at 1100 C u n t i l  t he  dewpoint of t he  e x i t  gas had s t a b i l i z e d  a t  
a -50 F or  lower, 
however, t h e  powder exhib i t s  a greenish t a n  colorat ion.  
i n i t i a l  treatment w i t h  w e t  hydrogen was performed t o  provide a 
moist atmosphere t o  r eac t  with any r e s idua l  ni t rogen remaining i n  
the  mixed oxide after ca lc ina t ion ,  
as a cont r ibu t ing  fac tor  i n  t h e  apparent d i sco lora t ion  of t h e  re- 
duced powders, Samples of t he  reduced powder plus  samples at 
previously reduced powder using only dry hydrogen a r e  being 
analyzed f o r  ni t rogen by a micro-Kjeldahl method, 

Weight loss data  ind ica t e  complete reduction; 
The 

Nitrogen has been suspected 

A small batch of coprecipi ta ted mixed oxide w a s  ground and blended 
both p r i o r  t o  and after reduction t o  minimize t h e  micro s c a l e  
d i f fe rences  i n  grain growth and UO, agglomeration observed i n  
previously compacted specimens, A compacted specimen of t h i s  
mater ia l  showed considerable improvement had been achieved i n  
producing a more homogeneous material, 

Extruded TunEsten Honeycomb Program 

Three extrusions r e l a t e d  t o  t h i s  program were attempted. One, 
a 0,730 inch diameter powdered tungsten compact canned i n  2.125 
inch diameter Mo, was preheated t o  1700 C bu t  s t a l l e d  at two 
inches of extrusion length,  The second, a co-compacted composite 
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of seven Mo powder hexagonal rods i n  a tungsten powder cyl inder  
canned i n  2,125 W, was preheated t o  1850 C and extruded t o  an 
eight-inch length before s t a l l i n g ,  The t h i r d ,  t he  same geometry 
as t h e  f irst  except t h a t  t h e  core  mater ia l  w a s  coprecipi ta ted,  
submicron W-10 w t %  U Q  compacted powder, was preheated t o  1875 C 
and extruded completely t o  a length of 27 inches,  A l l  t h e  ex- 
t ru s ion  r a t i o s  were 9:1, Severe c h i l l i n g  of t h i s  s i z e  b i l l e t  a t  
60 in,/min r a m  speed (mex, speed of p re s s )  i s  responsible  for t h e  
high preheat temperature t h a t  i s  required,  
extrusions w a s  t o  determine t h e  e f f e c t  of as-compacted powder 
cores  on t he  geometry and s t ruc tu re  of t h e  extrusion,  Metal- 
lography of t h e  last two extrusions is i n  progress,  

The purpose of  t he  

Fueled Graphite Studies  

TWO t i m e  l apse  movies have been taken of a small s l i c e  (002  mm x 
1 mm x 8 mm) of a K I W I  fuel element during hea t ing  i n  the  r e f l ec -  
t i o n  s tage  of t h e  e lec t ron  microscope. 

One f i lm  shows four d i f f e ren t  p a r t i c l e s  i n  various s t ages  of 
"break-through" a t  d i f f e ren t  times during a hea t ing  cyc le  which 
u l t imate ly  reached 2400 C, 

In  the o ther  f i l m  t he  graphi te  G t r i x  and an empty pyrocarbon 
s h e l l  w a s  photographed, 
matrix behaves t h e  same on hea t ing  i n  t h e  bulk as it does i n  t h e  
v i c i n i t y  of t h e  fueled p a r t i c l e s .  

This m v i e  ind ica t e s  t h a t  t h e  graphi te  

Three improvements have been made i n  t h e  experimental procedure 
which have p r a c t i c a l l y  eliminated t h e  problems e a r l i e r  encountered 
w i t h  microscope contaminat ion and subsequent poor image q u a l i t y  
and d r i f t i n g .  These a re :  
qu i r ing  a smaller heat input t o  reach tenpera ture  (-50 watts t o  
reach 2400 C versus 120 watts for earlier samples);  (2) use of a 
more s t a b l e  power supply w i t h  both cur ren t  and vol tage regula t ion  
t o  heat t h e  sample; ( 3 )  an evaporated niobium coat ing  a few 
hundred Angstrons th i ck  on t h e  e n t i r e  sample, 

(1) t h e  use  of a smaller sample re-  

The first  two techniques served pr imari ly  t o  keep t h e  sample and 
conseauently t h e  image stable,  while t h e  t h i r d  d r a s t i c a l l y  reduced 
carbon evaporation and thus  kept the  inrtge qua l i t y  from deter iora-  
t i ng .  There was no not iceable  carbon evaporation onto t h e  viewing 
window a f t e r  almost th ree  hours above 2000 C; w i t h  n o  coa t ing ,  the 
windows were opaaue within a few minutes a t  about 1800 C o  

Graphite welding has been attempted on t h e  600 KVA r e s i s t a n c e  
welding mchine ,  These e f f o r t s  included explorat ion of too l ing ,  
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j o i n t  design, and r e s i s t ance  welding parameters, 
been done on short  lengths  of f u l l  s i z e  hexagonal sect ions of 
nonfueled graphite f u e l  element rods, 
ploratory e f f o r t s  yielded severa l  j o i n t s  which showed evidence 
o f  bonding, 
material, and some cracks have been observed i n  t h e  base mater ia l ,  
This very l imi ted  e f f o r t  has shown t h a t  t he  Sciaky r e s i s t ance  
welder should be capable of graphite welding, 

This work has 

The r e s u l t s  of these  ex- 

The Jo in t s  were b r i t t l e  r e l a t i v e  t o  the  base 

D o  D I V I S I O N  OF RESEARCH - 05 PROGRAM 

1, Radiation E f e c t s  on Metals 

This program i s  d i rec ted  toward e s t ab l i sh ing  the  combined e f f e c t  
of impuri t ies  and neutron i r r a d i a t i o n  on t h e  proper t ies  and s t ruc-  
t u r e  of spec i f ic  metals, and deducing from thermally ec t iva ted  
recovery processes how t h e  damage state can be a l t e r ed .  
s tud ies  involve s ing le  and polycrys ta l l ine  specimens of molybdenum, 
nickel ,  and rhenium, 

Present 

Four capsules,  each containing s i x  rhenium f o i l  samples annealed 
at 1300 C (2372 F )  for  U.2 hours, have been prepared f o r  irradia- 
t i o n ,  
d i f f r a c t i o n  i i d i ca t ed  t h a t  shor te r  annealing t imes were not effec-  
t i v e  i n  e l iminat ing a l l  cold work from t h e  samples, 

Be - i r r ad ia t ion  s tudies  by e lec t ron  microscopy and x-rsy 

Pre1iminaP.y contact  has been made t o  arrange f o r  s tored energy 
r e l ease  measurements t o  be performed o f f s i t e ,  Three samples of 
molybdenum, cons is t ing  of two i r r ad ia t ed  specimens and one cold 
worked by swaging, have been packaged fo r  shipment, 

Growth of molybdenum single-crystal  rods fo r  program needs has 
continued, The growth technique employs two passes i n  the  e lec t ron  
beam zone r e f i n e r  followed by a t h i r d  pass i n  which t h e  c r y s t a l  
i s  "seeded" t o  obtain the  desired or ien ta t ion ,  The mult iple  pass 
technique produces c r y s t a l s  of uniformly high pu r i ty  but  i s  neces- 
s a r i l y  slow; c r y s t a l s  a r e  grown a t  t h e  r a t e  of 10 t o  12  per month, 

The s l i p  l i n e s  on t h e  surface of bent s ing le  c r y s t a l s  of i r r a d i a t e d  
molybdenum a r e  being s tudied,  
t ud ina l  ax i s ,  and (001)  and ( lY0) faces ,  t h e  s l i p  system i s  (101) 
[lU] when t h e  bending moment i s  appl ied t o  the  (001) face, Since 
t h e  s l i p  d i r ec t ion ,  [lll]o l i e s  i n  the  (1x0) face,  t he  s l i p  t r a c e s  
on t h i s  face are extremely f i n e ,  
very coarsea In general ,  s l i p  t r a c e s  on uni r rad ia ted  molybdenum 
c r y s t a l s  a r e  f i n e r  and more evenly spaced than i n  i r r a d i a t e d  

For c r y s t a l s  w i t h  a [ U O ]  longi-, 

S l i p  t r aces  on t h e  (001)  face  a r e  

8 .  . 
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c r y s t a l s ,  Although individual  s l i p  l i n e s  within a band a r e  not 
resolved i n  e lec t ron  micrographs of t he  i r r a d i a t e d  c r y s t a l ,  it 
has been establ ished t h a t  s l i p  occurs on several  c lose ly  spaced 
planes rather than on a s ingle  plane comprising the  band. 
Attempts a r e  being made t o  c o r r e l a t e  t h e  s l i p  l i n e s  with t h e  
channels observed by e lec t ron  microscopy, 

Molybdenum s ing le  c r y s t a l s  now being i r r ad ia t ed  w i l l  be used f o r  
length-change, x-ray l a t t i c e  parameterr and in tegra ted  d i f f r ac t ed  
i n t e n s i t y  measurementso While awaiting discharge of these speci- 
mens, a number of d i f f r ac t ion  experiments have been performed on 
uni r rad ia ted  c r y s t a l s  of d i f f e r i n g  pu r i ty  and anneal ing h is tory ,  
The Debye parameter, or Debye-Waller temperature f a c t o r ,  appears 
t o  be a f a i r l y  sens i t i ve  ind ica tor  of t h e  extent  of annealing i n  
a pa r t i cu la r  c rys t a l .  
t i on  of thermal motion and s t a t i c  atomic displacements i n  t h e  
c rys t a l .  
a t  d i f f e ren t  temperatures would be required,  
for  t h i s  purpose i s  being des iq .ed ,  

The e f f e c t s  observed are due t o  a combina- 

To separate  t h e  two e f f e c t s ,  a s e r i e s  of measurements 
A simple c ryos t a t  

S t r a in  rate cyc l ing  experiments on n icke l  f o i l s  have continued. 
Samples consis ted of n icke l  which had been slow-cooled, quenched, 
quenched and aged a t  225 C (437 F )  f o r  l o 5  seconds, and quenched 
and aged a t  425 C (797 F) for 105 seconds. 
cycled from 0.01 t o  0.1 cm/min, at temperatures of 297, 273, 196, 
and 77 KO Detailed in t e rp re t a t ion  of t h e  r e s u l t s  i s  i n  progress,  

A repor t ,  "Quench-Hardening i n  Polycrys ta l l ine  Nickel, " HW-82708, 
has been prepared for  publ icat ion as a forms1 t echn ica l  r e p o r t ,  
A shor t  communication, "Wafering of Bulk Specimens f o r  Trans- 
mission Electron Microscopy," has been accepted f o r  publ icat ion 
i n  t h e  Br i t i sh  Journal of S c i e n t i f i c  Instruments, 

S t r a in  rates were 

2 Plutonium physical Metallurgy 

The objec t ive  of t h i s  program is t o  determine some of the basic  
physical  meta l lurg ica l  p roper t ies  of high pu r i ty  plutonium and t o  
e s t ab l i sh  t h e  e f f e c t  of c e r t a i n  spec i f i c  a l loy ing  addi t ions  on 
those proper t ies ,  

The B-ror transformation k ine t i c s  of 0,005-inch th i ck  wafers having 
a one-inch diameter were inves t iga ted  a t  -196 C (-321 F). 
incubation t i m e  was too shor t  t o  be detected by the  f l u i d  displace-  
ment technique, The transformation w a s  e s s e n t i a l l y  complete a f t e r  
f i v e  secondso Physical damage i n  t h e  form of i n t e r n a l  voids w a s  
e s s e n t i a l l y  absent after 9 a ; 8 cycles ,  

The 
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E, 

The steady-state creep r a t e  of the  be t a  phase was found t o  
depend upon the  p r io r  transformation h i s t o r y o  The creep rate 
of t he  beta phase formed by traneformation f’rom alpha was 200 
t o  400 times greater than t h a t  of beta formed by t r a n s f o r m t i o n  
*om t h e  gamm8 phase, 
creep r a t e  of the gamme phase was t h e  same a f t e r  e i t h e r  a + B + y 
or 6 + y transformations,  

I n  cont ras t  t o  t h i s ,  the  steady-state 

Carbon r ep l i cas  were obtained of f rac tured  plutonium specimens 
t h a t  contained 100% beta and a mixture of 25% alpha and 75% beta. 
‘Ihese r ep l i cas  f o r  e lec t ron  microscopy are t o  be used t o  study 
the  f r ac tu re  c h a r a c t e r i s t i c s  of t he  beta and alpha phases, 
re ta ined phases, and 6 + a transformation cha rac t e r i s t i c s .  

Electrorefined alpha plutonium has been s a t i s f a c t o r i l y  vacuum 
cathodical ly  etched, 
t o  the br ight  f i e l d  microstructure obtained by e l e c t r o l y t i c  
etching, using an alcohol-ni t r ic  ac id  solut ion.  
boundaries and microscracks were sharply defined, 

The r e s u l t i n g  microstructures were similar 

?he grain 

Further work on the  t ex tu r ing  found i n  alpha plutonium which had 
been transformed from beta  under a n  axial  load has l e d  t o  t h e  
conclusion t h a t  t h e  (203) rather than the (020) plane wa.6 t h e  
mst ac t ive  i n  the  transformation process. It is  obvious now 
t h a t  t h e  f i b e r  t e x t w e  of t h e  columnar grained mate -al and the  
deformation t ex tu re  of t h e  alpha-rolled plutonium will each requi re  
exhaustive invest igat ions of severa l  important l i n e s  i n  the  d i f -  
f ract ion pa t te rn  before the  d e t a i l s  of these  textures can be 
i n t e l l i g e n t l y  discussed, 

The f i r s t  slab cas t ing  has  been successful ly  made using a m g -  
nesium oxide c ruc ib le  mold i n  t h e  new vacuum induction furnace,  
A complete evaluation of t he  cas t ing  has not been made as ye t ,  
but from a l l  external appearances it s e e m  t o  be completely 
sa t i s f ac to ry ,  Rol l ing w i l l  start as soon a s  the  evaluation is  
complete, This w i l l  represent  t h e  f irst  attempt t o  r o l l  t h e  
e lec t roref ined  LASL material which has  been c a s t  under optimum 
conditions i n t o  a s u i t a b l e  form f o r  r o l l i n g ,  

CUSTOMER WORK 

1 Fbdiometallurpy Laboratory 

Examinations and Measurements 

’Ihe results of rou t ine  examinations and measurements are, o r  w i l l  
be,  reported as part of t h e  sponsoring research and development 
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programs, 
metallurgy Laboratory output included: 

During t h e  period May 28 t o  June 28, 1964, Radio- 

Metallography samples processed 74 
Photomosaic s 1 5  
Autoradiographs 30 
Replicas ( f o r  e l ec t ron  microscopy) 8 
Burnup d isso lu t ions  24 
F iss ion  gas sample co l l ec t ions  1 
Vacuum induction furnace runs . 9 
Decladding d isso lu t ions  15 
Tensi le  tests 0 
Rockwell hardness t e s t s  2 
Density determinations 27 
X-ray analyses 6 
Negatives processed 60 0 

Annealing Furnace,. 
c a l i b r a t e  t h e  controller-programmer-recorder system, and t h e  con- 
t r o l l e r  was re turned f o r  r e p a i r  ., 
encountered dur ing  funct ional  t e s t i n g  of t h e  furnace appear t o  
have been corrected by the fac tory ,  

R e m o t e  Impact Tester ,  
&chines Incorporated t o  inspect ,  modify, and c a l i b r a t e  t h e  remote 
impact t e s t e r  t o  meet Watertown Arsenal impact t e s t i n g  standards,  
The impact t e s t e r  was remved from t h e  c e l l ,  decontaminated, and 
packaged f o r  shipment t o  "MI, 

Manufacturer representa t ives  were unable t o  

Operating problems previously 

A new quotation w a s  obtained f'rom Testing 

H i &  Temperature Tensi le  Test ing Machine New, s p l i t  insert-type , 
t e n s i l e  t e s t i n g  gr ips ,  adapters ,  and extensometer clamps f o r  both 
round and f l a t  t e n s i l e  speicmens were designed, fabr ica ted ,  and 
t e s t e d  a t  room temperature, Test r e s u l t s  were s a t i s f a c t o r y ,  The 
sub-base t o  support t h e  t e n s i l e  machine a t  t h e  co r rec t  i n - c e l l  
e leva t ion  w a s  designed and i n s t a l l e d ,  
work a r e  i n  progress, 

Piping and e l e c t r i c a l  hookup 

"E" Cel l  Metallographic F a c i l i t i e s  
on the  metallograph continued, 
sample conveyor w a s  i n s t a l l e d ,  
c leaner  was completed, and t h i s  u n i t  with a u x i l i a r y  sample washing 
and drying services  was i n s t a l l e d ,  E l e c t r i c a l  and piping i n s t a l l a -  
t i o n  work continued, 

I n s t a l l a t i o n  of remote con t ro l s  
me metallograph mnipu la t  or  and 
Modification of t he  u l t r a son ic  
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Stereo Zoom Cell  Viewer, 
viewing through t h e  l ead  glass c e l l  windows was received and 
t e s t e d o  
transmission than the  older viewers with four magnification 
s teps ,  

The s t e r e o  zoom viewer f o r  m c r o  

Results ind ica te  that the  new u n i t  has grea te r  l i g h t  

Magnification range of t h e  new viewer i s  2,5x - 1 3 0 5 X .  

Remote.Tweezers, Two remote tweezers were fabr ica ted ,  and one 
un i t  w a s  i n s t a l l ed  i n  "F" c e l l  t o  improve the  manipulation and 
handling of smll samples and t h i n  f o i l o  

Elec t ro  Spark g i l l i n g  Machineo 
e l e c t r o  spark  d r i l l i n g  u n i t  for evaluation, 

An order was placed f o r  an 
Possible appl i -  

ca t ions  include remote capsule opening and removal of small 
cores  from metal l ic  samples, 

2 MetallopTaphy Laboratories 

Routine Metallography Laboratories a c t i v i t i e s  w i l l  be reported 
a's par t  of the  sponsoring research and development component's 
work; however, items of unusual i n t e r e s t  o r  represent ing de- 
par tures  from rout ine  operations w i l l  be reported here,  

During the  repor t  month 425 samples were processed, a t o t a l  of 
873 micrographs and macrographs taken, 2259 negatives pr in ted ,  
and 7462 p r i n t s  processed, 

A new 6 x 60-inch w e t  b e l t  sander has been i n s t a l l e d  i n  t h e  306 
Building laboratory,  The sander is hooded and vented through a 
high ef f ic iency  cyclone p a r t i c l e  s e p r a t o r  t o  t h e  306 Building 
bag how e 

Using t h e  e lec t ron  microscope, it is of ten  possible  t o  observe 
s t r u c t u r a l  defects  by e lec t ron  transmission through f o i l  specimens 
100-2000 A t h i ck ,  
r ep l i ca  technique, 
did not  have the  spec ia l ized  equipment necessary t o  t h i n  metals 
for t h i s  purpose 
w a s  purchased t o  f i l l  t h i s  need, 
m d i f i e d  f o r  specimen thinning according t o  t h e  procedure des- 
cr ibed i n  GERL 62-Rb ( 3 1 8 6 ~ )  ., 

The same de fec t s  m y  not  be apparent w i t h  t h e  
Un t i l  recent ly ,  t h e  Metallogaphy Laboratory 

A commercial e lec t ropol i sher ,  a Disa-Electropol, 
The equipment i s  now being 

3 E  Hiqh Temperature La t t i ce  Test Reactor (HTLTR) 

Placement of t he  br ick i n  t h e  l a r g e  mockup and i n s t a l l a t i o n  of the  
top  cover were completed, 
mately 90% complete, 

Piping and e l e c t r i c a l  work i s  approxi- 

UNCLASSIFIED 

1 2 3 1 3 3 8  



A-4 1 HW-83 OOC UNCLAS S IF I ED 

Modifications t o  the  horizontal  cont ro l  rod ac tua tor  assembly 
was completed, 
decelerat ion mechanism t o  include an inboard bearing and be t t e r  
f i t t i n g  diaphragm mount and modification of t h e  l a t c h  block 
c a r r i e r  t o  allow more e f f i c i e n t  operation. 
problems.were encountered during f i n a l  assembly of  t h e  mechanism, 
a l l  of which were subsequently resolved, 

These modifications included a l t e r a t i o n  of t he  

Numerous alignment 

Assembly of t he  v e r t i c a l  sa fe ty  rod has been completed, and t h e  
assembly, using a d u m  element of carbon steel, has been 
operated successful ly ,  
been =de with the  assembly, 
taken of three of the drop cycles ,  
p ic tures  ind ica tes  t o t a l  i n se r t ion  time of  about ~ 0 8  secondse 
This includes about 0015 seconds of system delay time before 
t h e  rod starts t o  move, Redesign of t he  v e r t i c a l  s a fe ty  rod 
has started t o  accommodate t h e  wider (?-inch) rod that i s  now 
required , 

Thirty-seven l if t-and-drop cycles  have 
H i g h  speed motion p i c tu re s  were 

I n i t i a l  ana lys i s  of these  

TWO p o t e n t i a l  problem areas  associated w i t h  t h e  i n su la t ing  b r i ck  
spec i f ied  for use in the  HTLTR a r e  being i n v e s t i m t e d ,  
sorbed water and gas contained i n  t h e  in su la t ing  mater ia ls  could 
be evolved during high temperature operation of the reac tor  leading 
t o  contamination of t he  r eac to r  gas, Experimental work i s  under 
way t o  determine t h e  requirements f o r  outgassing of these mater ia ls  
and t o  assess t h e i r  tendency t o  readsorb gases upon exposure t o  
atmospheric a i r ,  
e f f e c t  of t h e  in su la t ing  br ick mater ia l  on graphi te  corrosion,  A 
tes t  is under way t o  determine t h e  in t e rac t ion  of these  mater ia l s  
i n  t h e  r eac to r  atmosphere at  1200 C, 

The ad- 

The second p o t e n t i a l  problem area concerns t h e  

4. EBWR Fuel Elements 

Three hundred and twenty add i t iona l  UO2-1.5 Fuo;! EBWR f u e l  rods 
were del ivered t o  Experimental Reactor Operations for approach- 
t o - c r i t i c a l  tests. Eleven hundred and twenty EBWR f u e l  rods have 
been fabr ica ted  t o  date,, of which 550 w i l l  be re ta ined  a t  Hanford 
fo r  fu r the r  physics t e s t s  i n  the  Plutonium Recycle C r i t i c a l  
F a c i l i t y ,  
f u e l  element rods plus 216 spare  rods is expected t o  be del ivered 
t o  Argonne on schedule w i t h  i n i t i a l  shipments s t a r t i n g  i n  August, 

The complete plutonium-enriched core loading of 1296 

A t o t a l  of 199 i n t e r n a l l y  scarred EBWR cladding tubes were i n t e r n a l l y  
honed, 
remained defec t ive ,  

Of these,  132 successfu l ly  passed u l t rasonic  t e s t s ,  and 67 
Approximately 25 tubes remain t o  be processed, 
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A group of EFiWR cladding tubes were received from ANL f o r  u l t r a -  
sonic examination a t  Hanford t o  fur ther  c o r r e l a t e  t h e  t e s t i n g  
techniques used a t  the  two s i t e s o  In addi t ion,  t yp ica l  r e j ec t ed  
tubes from Hanford will be shipped t o  ANL f o r  h r t h e r  t e s t i n g ,  

Five hundred kilograms of fused U02 i n i t i a l l y  r e j ec t ed  because of 
high gas and/or carbon content were pur i f ied  by heat treatment a t  
1700 C for s ix .hours  i n  wet hydrogen, 

A s ign i f i can t  decrease i n  manpower required f o r  U02-Pu02 f u e l  
p a r t i c l e  preparation and an increase in fuel u t i l i z a t i o n  were 
accomplished, 
compactible UQ-PuO2 was increased from 73 t o  91% (without re- 
cycl ing)  by using a kni fe  edge d i e  f i x t u r e  f o r  opening Nupac cansc 
The knife  edge creases t h e  can l i d ,  permit t ing l e s s  pressure t o  
be used i n  opening the  Nupac can and r e s u l t s  i n  less pulver iz ing 
of t h e  f u e l ,  

For example, the crushing y i e ld  o f  v ib ra t iona l ly  

5, Other Customer Work 

-. Thoria FuelsM, 
t ransfer red  to t he  Production Fuels Section, IPD, for t h e  produc- 
t i o n  of two add i t iona l  tons of aluminum-clad t h o r i a  f u e l  elementso 
Assistance was provided as reauired t o  place t h e  necessary 
processes and equipment i n  operation, 

Thoria f u e l  element f ab r i ca t ion  equipment was 

Phoenix Fuels_, Approximately 3000, 1,960-inch diameter by 0,020- 
inch th i ck ,  Al-20 wt% Pu wafers were produced from plutonium con- 
t a in ing  8 w t %  Pu-240, 
s p i r a l  machining technique wherein wafers a r e  cu t  from turnings 
machined from extruded AI.-Pu cy l inders ,  
t i o n a l  wafers w i t h  higher Pu-240 content i s  i n  progress,  

Fabricat ion was accomplished by a novel 

Fabrication of 6000 addi- 

The second Al-20 w t %  Pu a l loy ,  containing 16 w t %  Pu-240, w a s  
prepared by reducing more than 2 kg of Pu02 with aluminum i n  the  
presence of c r y o l i t e ,  
low (60%)~ but a y ie ld  of more than 90% w a s  obtained from a subse- 
quent reduction 

The y i e lds  from t h e  i n i t i a l  reductions was 

I r r ad ia t ion  Specimens fo r  P h i l l i p s  Petroleum Company, I r r ad ia t ion  
specimens cons is t ing  of gold-aluminum and lithium-aluminum a l loys  
a re  being fabr ica ted  by a coextrusion process, The extrusion of 
t he  gold a l loys  w a s  emple t ed ,  and f i n a l  assembly work i s  i n  
progress,  The l i th ium alloys a r e  being chemically analyzed p r i o r  
t o  continuing f ab r i ca t ion ,  
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Containment Systems Experiment Capsules 
capsules containing s in te red ,  na tu ra l  U02 p e l l e t s  were fabricated.  

Twelve s t a i n l e s s  s t e e l  

The capsules w i l l  undergo short-term i r r a d i a t i o n s  p r i o r  t o  t e s t i n g  
i n  t he  Containment Systems Experiment Simulated f u e l  capsules 
containing U02 doped w i t h  rad ioac t ive  iodine w i l l  be fabr ica ted  
by v ib ra t iona l  compaction a t  a l a t e r  date .  

Boilinn Burnout' Studies  fo r  t he  Advanced Test Reactor (ATR).  The 
temperature and heat f l ux  d i s t r i b u t i o n s  f o r  the ATR f u e l  elements 
were reca lcu la ted  using t h e  revised element dimensions provided by 
P h i l l i p s  Petroleum Company. 
on t h e  edge of t h e  coolant channel w i l l  be about 34% of the  average 
hea t  flux for the  coolant channel periphery. Similar ca lcu la t ions  
for t h e  proposed tes t  sect ions were madee The r e s u l t s  show that a 
s t a i n l e s s  steel edge on the flow channel r e s u l t s  i n  edge f luxes of 
about 45% when t h e  outer edge of t he  Cu-Ni coincides w i t h  t he  inside 
edge of the  coolant channel o r  32% when t h e  outer  edge of t he  Cu-Ni 
i s  0.050-inch f r o m t h e  in s ide  edge of t h e  coolant channel. 
appears t h a t  a spacing of 0,025-inch between Cu-Ni and ins ide  
channel edge would provide the  desired heat f l u x  d i s t r i b u t i o n  
around the  periphery of the  coolant  channel, 
0,025-inch spacing are being maded 

The r e s u l t s  show t h a t  t h e  heat  f l u x  

It 

New ca lcu la t ions  with 

A vacuum r o l l i n g  method was t r i e d  f o r  bonding t h e  s t a i n l e s s  s t e e l  
and copper-nickel materials used i n  t h e  tes t  sect ion.  
attempt t h e  assembly w a s  mechanically but  not fusion bonded. In  
t h e  second attempt a higher temperature and grea te r  r o l l i n g  pressure 
were t r i e d  t o  improve the fusion bond, 
both t h e  copper-nickel and s t a i n l e s s  pieces  bonded t o  t h e  container  
Walls (which had been oxidised t o  prevent t h i s )  but not t o  each o the ro  
Since t h i s  was not r e a d i l y  explained and a brazing method became 
available, t h e  vacuum bonding technique w a s  abandoned, 

In  t h e  f i r s t  

However, i n  t h i s  a t tempt ,  

Manager 
Reactor and F'uels Laboratory 

FW Albaughzkb 
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H-Reactor Lattice Parameter Snd Spectral Msasurements a t  St&up 

In January, f'uel elements contain- detector pins of PU-Al, U-235-&, 
fuel enrichment uranium, depleted uranium, Iu, E& Au, and Cu both bare 
and cadmium covered were irradiated in  N-Reactor a t  roan temperature. 
Apri l  a set of s i m i l a r l y  instrumented fuel elements were irradiated i n  
IB-Reactar at an elevated temperature. The data f r a  these irradiations 
are being analyzed t o  determine p, Cor E, the neutron temperature and the 
r-value of the epithermal fluxo 

In 

Ratios of specific ac t iv i t i e s  containing corrections for  decay and for  
effective mass differences have been obtained for  all the detector pins 
used i n  both irradiations.  Data analysis of pin positions i n  the fuel 
f o r  the January t e s t  i s  near ccmpletion while position measurements are 
in  progress for  the April irradiation. 
ing are  baing sought f o r  the respective detector materials, and an experi- 
ment has been performed in the pC!lB t o  examine the self-shielding correla- 
t ion between cylindrical and disk gecmetries for  copper. 
from this experiment i s  in  progress. 

Correction factors for self-shield- 

Data analysis 

Surne di f f icu l ty  was encountered in  the determfnation of the appropriate 
Westcott g and s factors f o r  each material. 
able for generating g and s values for various materials. 
assumes that the epithermal neutron spectrum is joined t o  the thermal neutron 
spectrum by a "sharp cutoff" function which for many materials is equiva- 
l en t  t o  Westcott's AL joining function ( c R R P - ~ ~ o ) .  .Hmever, fo r  mater ids  
such. as  Eu-151 with large resonances in the cutoff region, the g and s 
factors generated by GANDS w i l l  di f fe r  frcm those calculsted by more exact 
methods 

An IEM program GAMDS is avail- 
Program GANDS 

Flux Ratios i n  !!.In@ vs. KVE Fuel 

Relative l /v  flux r a t i o s  are desired for KVE fuel vs. two !Rn% and graphite 
wafer mockups of heat sources. This w i l l  permit evaluation of the t o t a l  
sc t ivf ty  induced i n  these mockup elements by i r radiat ion in  a production 
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The goals for the experiment uave been se t  in discussion w i t h  IPD personnel, 
and several drawings have been submitted t o  the shop fo r  construction. The 
remaining sketches are canpleted except for  a few c r i t i c a l  dimensions which 
must. be supplied by an outside firm. 

NPR Utilization Studies 

Work on the physics of fuel cycle analysis for Phase I11 operation (pmer 
only), of the ZW has been started. 
being collected, w i t h  particular emphasis on items necessary t o  evaluate 
t.he thorium cycle. This study is the outgrowth of a proposal, HW-81942, 
i n  which the fuel cycle costs of Th%, U@, Th, and U fer t i le  systems are 
canpared. The physics anelysis w i l l  generate information on fuel enrich- 
ment (U-235) necessary t o  achieve exposures of up t o  50,000 Mwd/t on a 
graded cycle, isotopic canpositions vs. exposure, and temperature co- 
eff iciernt s. 

Input data fo r  the ZClDLAc code is 

Instrumentat ion 

Design a.nd t e s t  e f for t s  continued on a.bybrid vacuum tube and t rans is tor  
preamplifier scheduled for  use with high capacity N Reactor f i ss ion  C a u l t e r S .  
Modifications were continued on the main chassis pulse amplifier, discrim- 
inator, and calibration circui ts .  Continued engineering assistance is 
being rendered on N Reactor nuclear instrumentation. 

Specifications were prepared fo r  a control roan recorder, me wclecsr 
counting channel, replacement valves, and sc in t i l l a t ion  detectors f o r  the 
experimental reactor fuels  testing loop installed at PRm. 
tions represent the final procurement fo r  the system. 
satisfactory operation has been achieved w i t h  the installed instrumentation. 

The specifica- 
To date, fully 

Information regazding radiation shielding experimentation capabi l i t ies  
was provided f o r  a study proposal and progress was achieved on the writing 
of a book chapter on radiation shielding fo r  the IABA. 

Svstem Studies 

Cmputer runs on the M Reactor analog simulation were made t o  determine the 
max-irmml power level  possible without draining the existing surge tank. The 
actual reactor controller settings fran the reactor building were used for 
these ccanputer runs, 

Cal.culations of steam generator secondary water enthalpy end bypass valve 
flow rate were modified t o  give a more correct calculation. Also, the  
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emergency fill calculation was chazged t o  more closely match the curve 
in the Bailey document. 

Various types of ccmputer runs were made t o  study different operating 
conditions. 
10 dump condensers and eight heat exchangers, and 50$ power level  w i t h  
eight dump condensers and eight heat exchangers. 
power level  were made t o  study the effectiveness of the large 25,000 gallon 
surge tank. 

A request was received frun IWD personnel t o  make runs on the primary loop 
f l o w  with pump drop off. 

Equation derivations far N Reactor simulation report appendix have been 
ccmpleted. 
injection pump-fluid coupling model, the secondary system energency upstream 
fill valve, bypass valve, steam generator, density, and primary water 
volume contraction equations. 

These runs included such conditions as: 70$ parer level  with 

Camrputer runs at 125s 

p l e  program was patched and the runs ccmpleted. 

The derivations investigated were prima;ry pump-turbine m o d e l ,  

A revised nanenclature of the N Reactor sirmtlation has been conpleted. 
This updating includes additions, correction, and description changes. 
lzle present l i s t  consists of apprclldmately 470 cards. 
included in the N Reactor report which i s  in progress. 

This l is t  w i l l  be 

hkaswrements on the M Reactor (Test a) disclosed the fac t  t h a t  a constant 
used Fn the analog simulation of the cold water injection 
in error.  
were made as requested by the custmer. 

incident was 
Using the measured value of th i s  constant, new ccmputer runs 

The e lec t r ica l  pasts of the Ball 3X system of sane of the existing reactors 
are t o  be redesigned. Using the present system as a standard, the proposed 
systems are t o  be analyzed as  t o  r e l i a b i l i t y  and the a b i l i t y  t o  handle 
special circumstances. Advatages and disadvantages of the system are 
t o  be expressed against the strylrlnrd. 
tawards collecting information needed and documenting it in a memorandum. 

The first e f for t  w i l l  be directed 

Cri t ical  Experiments with Plutonium Solutions 

A series of c r i t i c d  mass experiments were completed with Pu(M03)4 solu- 
t ions i n  a reflected sphere of ll.5-in. diameter (12,95 l i t e r  volume). 
data obtained fran these c r i t i c a l  experiments have provided information 
on the c r i t i c a l i t y  of AI versus ni t ra te ,  the effect  of water and concrete 
ref lectors  on c r i t i ca l i t y ;  and fram neutron flux measurements, data were 

The 

1 2 3 7 3 4 4  



UNcLASsIFIm B-4 ~ 8 3 0 0 0  

obtained f o r  evaluating the c r i t i c a l  bucklings of the Pu solution spheres. 

Analyses of data frcun gold f o i l  irradiations i n  the 11.5-in. water reflected 
sphere at a c r i t i c a l  concentraticm of about 80 g Pu/J have provided f’urther 
information on the extrapolation length and materia3 buckling of PU solu- 
t ions.  I n  view of the paucity of these kind of data, the values are pre- 
sented beluw, together w i t h  the resul ts  of previous measurements a t  a 
second Pu concentration f o r  canparison. 

Ar Concen- Total  Ertrapolation 
Material t r a t  i on Nitrate (Atcanic Cadmium k n g t h  

(g/B) (g/B) Ratio) Ratio (cm) B U C k l i n g  

10-6 cm-2 

10-6 *-2 

83 110 310 2 .o 5.55 f 0.26 24,390 f 440 x 

2 54 340 44.6 1.2 6.08 f 0.32 23,140 f 720 x 

The cadmium ratio was meacured at the sphere center with f ive  mil gold 
f o i l s  and 20 m i l  thick cadmium shields. 

A ser ies  of experiments were begun with an unreflected 15.2-in. diemeter 
sphere (30.2 l i t e r  volume). 
on Pu solutions t o  unreflected systems, for which very few data currently 
ex is t .  The l5.2-in. sphere is  the first fully unreflected Pu solution 
assembly f o r  which c r i t i c a l i t y  has been achieved i n  the Plutonium Critical 
Mass Laboratory. Plutonium concentrations were in  the range f’ran about 
40-80 g pU/B with  the n i t r i c  acid molarities between 0.3-0.4. 
measurements were made with gold and lutetium foils for determining the 
buckling of the bare sphere and the effective neutron temperature of the 
system. 

This unit  permits extending the c r i t i c a l  data 

Neutron flux 

Pulsed Neutron Source Experiments 

A new Norelco neutron generator and associated controls have been received. 
The new system provides 108 n/sec on continuous operation and up t o  lg0 
n/sec under certain conditions of pulsing. 
vaJried fran 60-3000 pulses/sec. 
should permit react ivi ty  measurements on subcrit ical  systems without know- 
ledge of the prompt neutron lifetime. 
i n s t m e n t a l  i n  the development and application of methods fo r  making 
subcrit ical  react ivi ty  determinations on in-plant multiplying systems for 
nuclear safety. 

The repet i t ion r a t e  can be 
The strength of this neutron source 

Thus, the new unit i s  expected t o  be 
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Miscellaneous Calculations f o r  Nuclear Safety Applications 

Further Monte Carlo and multigroup d i f fus ion  ca lcu la t ions  have been made 
t o  evaluate  the nuclear s a fe ty  of a revised design for the HAPO-V shipping 
cask f o r  slightly enriched irradiated fuel elements. The s l i g h t l y  revised 
design cons i s t s  of four f u e l  can i s t e r s  posi t ioned in a square a r r ay  on 
24-in. centers .  
diameter cask v a r i e s  between 9-in. t o  l5-I.n.; the c e n t r a l  region of the  
shipping cask i s  void except f o r  a sheet of boron steel midway between t h e  
can i s t e r s  f o r  neutron i s o l a t i o n .  

The amount of lead shielding which surrounds each g-l/E-in. 

In s u m m ~ ; ~ y ,  the maximum Qff f o r  the cask should not exceed 0.9 as long 
as the fuel enrichment is less than 1.7s. 
enough boron posit ioned halfway between the c a n i s t e r s  t o  i s o l a t e  one fran 
another under flooded conditions.  This a l s o  assumes that the  s i t u t i o n  
would never exist where all the c a n i s t e r s  are f'ull o r  p a r t i a l l y  f i l led w i t h  
water while the center  sec t ion  i s  void. If these two condi t ions cannot 
be assumed, the  ~~X~MUIU enrichment permitted in order that 
decreased t o  about 1.3s. 

This assumes that the re  is  

C - 0.9 is 

C r i t i c a l  Mass Laboratory Instrumentation 

An analog computer study of the data obtained in pulsed neutron experiments 
i s  in  progress at  the  C r i t i c a l  Mass Lsboratory. 
Dynamics analog canputer was connected t o  the analog readout of the multi- 
channel analyzer.  Equations f o r  determining the s u b c r i t i c a l i t y  ( e f f e c t i v e  
reproduction f a c t o r )  of a system using pulsed neutron theory were s e t  up 
on the computer. Checkout of the system i s  now i n  progress. 

The por tab le  Applied 

Consulting Services on Nuclear Safe ty- -Cr i t ica l i ty  Hazards 

1. Nuclear s a f e t y  in HL 

Comments were submitted t o  Waste Disposal and Decontamination Operation 
concerning safe  limits for two new dry waste d isposa l  tanks t o  be 
located i n  300 Area. 
in existing spec i f i ca t ions  were reviewed as follows: 

New nuclear s a fe ty  spec i f i ca t ions  and changes 

a )  The void da te  on Temporary Spec i f ica t ion  No. 3 was extended t o  
10-1-64. 

b )  B-6, Addendum I, was issued t o  amplify sa fe ty  requirements i n  
c r i t i c a l  approach measurements. 

c )  

d )  

B-11 w a s  issued t o  cover PuCpU% fuel pieces.  

K-1 was reissued i n  revised format; no l i m i t  changes were made. 

UNCLASSIFIED 
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2 .  Nuclear Safety in MID 

Seventeen changes i n  the specifications ( HW-80313) were reviewed. 
Most of these changes concern the hancuine; and storing of 1.25 w/O 
$35 enriched uranium in  the 333 Building. 

3 .  Nuclear safety Paining and Education 

Two persons are currently on temporary assignment for  intensified 
nuclear safety training at the Cri t ical  Mass Laboratory. 
CPD and the other fran NRD. 

One i s  f ran  

A University of Washington graduate student who has been awarded a 
Richland Graduate Fellowship for  summer, 1964, w i l l  perform thes is  
research fo r  the degree of Master of Science in Nuclear Engineering 
at the Cri t ical  Mass Laboratory. 
h i s  proposed thes i s  research on a helium-3 neutron spectrcmeter. 

The student was given the award f o r  

Separations Instrumentation and System Studies 

Measupements of the Pu-239 17 keV X-rays fran two l iquid samples, one Of 

2 g/1 and the second of 10-3 g/l, were made with the mocked up collimated 
detector head for  the Pu-239 l iquid sample counting system. The detector 
head cmprised an EMI-9536-B phototube and a 1 mm thick by 5 cm diameter 
NaI( T l )  c r y s t a l .  
uti l ized fo r  the t e s t s  and satisfactory results were achieved. 
channeled counting rates were l inear  w i t h  a value of 3 x ldr counts/& per 
1 g/l of the l iquid solutions. 

Simulation of the aluminum ni t ra te  nanohydrate recovery process continued 
with the cmpleticm of 3000 i te ra t ive  solutions of the simulated process. 
Fifteen and twenty vessel processes were assumed. 
on t o  the custmer for  h i s  use i n  optimizing the process. 

CammerciaJ. solid s ta te  electronic instrumentation was 
The obtained 

R e s u l t s  have been passed 

METALLURGY - Nondestructive Testing 

N Fuel Testing 

1. Fuel Element Em3 Closure Testing 

N Fuels Engineering has performed evaluation tests on the cap-to-core 
bonding test  for  the chevron end cap. Destructive analysis has veri- 
f ied the t e s t  results and has demonstrated good resolution f o r  m a l l  
unbonds. 
the 333 production building, and is  operating on a routine basis. 

The t e s t  has been incorporated in to  existing equipent  i n  
The 
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t e s t  technique.? which uses a l o s s  of si@, has been reported in  TM- 
WO 64-9. 

2 .  X-Ray Fluorescence Test Development 

PMl-l@ was designed t o  determine the cagability of MT-2 %Ray Fluores- 
cence Test. 
the t e s t  has the sensi t ivi ty  and s t ab i l i t y  co  test production a t  the 
requ.Lred specification limit. 
skimated a3 13 inner fuels per hour, or 8 outer fue ls  per hour. 

This test program has been cmpleted and has demonstrated 

The production capacity of One uni t  is 

The Radiation Counter Iabontory 's  t ransis tor  count r a t e  u n i t s  are 01l 
hand and one has been instal ledo 
prod.lct€on tester construction, and it indicated the need for evalua- 
tion. of an isotope gamma sourze. 
money and improve performance. 

A cost estimate has been made on 

"An isotope source could possibly save 

l-Tr&m &Surface Contamination Testing 

The prodwtim l i n e  alpha surface contnminat.ion t e s t e r s  had an avail- 
ab i l i t y  of 100$ during the past m m t 5 .  
imits  i s  abmt 90% canplete, 

3. - 
The service manueil for the 

Wmk i s  in  progress on the second generation alpha contambatian 
counters. 
t o  enable measurement of contanimtlon on cyl.indrical w f a c e  iu a hole. 

A special Luclte zinc sulphide t e s t  head was fabricated 

4. Irradiated Ere1 Testing 

All available irradiat,ed Wl! fuels  (about. 79) were tes ted during this 
rapcrting psr iod,  
this particul.ar fuel had been accidentdly drapped ten feet in water 
which i s  balieved t o  accou15t for the core cracks present on both 
e2da. 
Rart of t h i s  mise can be attributed $0 a rough inner surface cor 
adhering bubSles] as s.he angled ultrasoni.9- beam used will re f lec t  
from smface nars. 
wiCh3.n zbe care an6 m y  be attribu)Yed t o  small. discontinuities.  
Destructive examhat,ian w i l l  be required t o  dstem.ine the nature of 
t3ese disconkfnuities, 
noise a2pe;sred at  the ends of the .fuel.s. ,Two fuels  gave ihitemal ua- 
bond indieations which were subsequently determined 50 be caused by a 
series of closely spaced b l i s t e r s ,  These two %els were located 
apprminatzly in the middle of a charge receiving high expcsure. One 
of t i e  *4uels is being examined by Radimetallurgy. 

czllly oIie fie1 with d e f i d t e  flaws was found, and 

Several other f'uels had a high ultrasonic nofse 5ackgreund. 

However, another par t  of t h i s  noise cones fran 

A smewhat greater density of ul+,rasonic: 
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In addi t ion t o  the  NOT’s, 24 NIT f’uels were t e s t ed .  
d e f i n i t e  core cracks; none were known t o  have been dropped. 
n i f i c a n t  t o  note that i n  each f u e l  t he  core flaws were at the  ends, 
extending about 1/4 t o  1/2 inch from the  cap i n  a longi tudina l  d i rec t ion .  
One of the  th ree  had cracks at  both ends. 

Three of these had 
It i s  sig- 

A rash of transducer f a i l u r e s  preceded the  t e s t i n g  of t he  NIT fue l s ,  
but none of the  failures a r e  a t t r i b u t e d  t o  r ad ia t ion  damage. 

N Reactor Testing - Wrcaloy Hydride Detection 

The e f f o r t s  of many inves t iga tors  were reviewed and cambined t o  produce a 
funct ional  concept of the  most e f f ec t ive  eddy current  hydride de tec t ion  
equipment believed possible  with ava i lab le  technology. 
was designed, and i s  being b u i l t  t o  check out t h i s  concept and t o  provide 
empirical  da ta  f o r  construct ion of a t e s t e r  t o  be sent  t o  t h e  reac tor .  
Work on the  design of the  in-reactor  probe has begun and i s  progressing 
s a t i s f a c t o r i l y  

A prototype t e s t e r  

Fabrication of the  u l t r a son ic  r o t a t i n g  probe f o r  hydride de tec t ion  i s  
cmp1et.e. 
more complete checkout i s  in progress i n  the laboratory.  

The u n i t  is being evaluated with several  t ransducers ,  and a 

Construction of prototype fast pulse  c i r c u i t r y  has been completed and 
the  u n i t  has performed s a t i s f a c t o r i l y  during checkout. 
hybrid nuv i s to r - t r ans i s to r s  c i r c u i t s  and w i l l  be used i n  t h e  u l t r a son ic  
hydride t e s t .  

%e design u t i l i z e s  

AlSi Fuel Testing 

1. Irradiated Fuel Testing 

Data taking f o r  test evaluat ion was ccmpleted, and f inal  evaluat ion 
must await des t ruc t ive  examination of four f u e l s  se lec ted  f r a n  t h i s  
group of ten.  
suspected types of flaws: 
thought t o  be smaller than  the  maxixnum allowable unband in a band 
t e s t e d  pre- i r rad ia ted  fue l ,  (2)  flaws suspected of being e i t h e r  poor 
mechanical bonds or near core-clad in t e r f ace  cracking, and ( 3 )  core 
cracks.  

The four se lec ted  f u e l s  include samples of th ree  
(1) d e f i n i t e  unbonds - all of which a r e  

2 .  Bond Test DeveloDment 

The t ransducers  received f o r  evaluation have compared favorably t o  each 
other i n  de tec t ing  unbond areas  on t h e  I.D. of the  AlSi f u e l .  Another 

UNCLASSIFIED 
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3.  

order has been placed t o  determine the a b i l i t y  of the supplier t o  
provide a uniform product. 
testing has shown that nonuniformity between transducers has contributed 
t o  a bias be%-ween tes ters .  

Experience i n  other areas of ultrasonic 

The autoradiograph work has been cmpleted on all samples and corre- 
lates w e l l  with the ultrasonic maps of the unbond regions. 
sentative fuels have been selected and w i l l  be used t o  assess the 
precision of the test using the MERCY program. The procedure for  
obtaining the data w i l l  duplicate as much as possible the conditions 
of production testing. Assessment of the precision of the test  w i l l  
be necessary t o  enable canparison w i t h  the existing internal bond t e s t  
in  the production f ac i l i t y .  

Ten repre- 

H o t  Die Sized Fuel Testing 

A l l  ccmponent p&s of the manual for the Hot D i e  Sized fuel t e s t e r  
have been completed. The manual w i l l  be distributed as soon as the 
remaining sections m e  received f r o a n  reproduction and assembled. 

KEUTRQN CROSS SECTIOm PROGRAM 

Scattering LSW Measurements for wo a t  95'~ 

A ser ies  of measurements were made far three different values of neutron 
energy change on scattering. These measurements w i l l  replace data which 
were found t o  contain systematic errors  due t o  "forbidden" Bragg reflec- 
t ions e 

Time-of-Flight Spectroscopy fo r  Slaw Neutrons 

The slow-neutron flux fran the 4-B test-hole beam shutter at l O 5 - B  w a s  
measured by gold foil activation. 
w i t h  the range of values calculated from the beam-opening geanetry and 
estimated neutron-source spatial distributions. 
vide the source for  slow neutrons for  time-of-flight spectroscopy of 
inelast ic  scattering. Further measurements were made of the crystal  
re f lec t iv i ty  fo r  slow neutrons of some copper crystals.  
indicate that the re f lec t iv i ty  is  canparable t o  that  of one of the E k  
crystals now in use on the t r iple-axis  spectrameter. 
for a manuscript fo r  journal publication on measurements of electronic time 
d r i f t  i n  BFy and He3-filled proportional counters. 

The measured intensity was consistent 

!Ibis beam hole w i l l  pro- 

These measurements 

A draft was prepared 

1 2 3 1 3 5 0  
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Fast-Neutron Cross Sections 

!lbe da ta  frm the  measurements of MeV t o t a l  cross  sec t ions  made in  May have 
been processed. 
for  ~ 2 ,  0, and N. 
remeasurement of t h i s  cross  sec t ion  w i l l  be necessary. 
modification of the  computer program LILNED was continued. 
t i o n  of averaging d i f f e r e n t  measurements and analyzing t h e i r  d i f fe rences  
i s  now operating cor rec t ly .  
ccanpiled by Howerton at LRL was received and work i s  in progress t o  read 
t h e  tape and canpare r e s u l t s  w i t h  Hanford measurements. A manuscript on 
the  f i n e  s t ruc tu re  observed in the  Hanford t o t a l  c ross  sec t ion  measurements 
was prepared and submitted f o r  publ icat ion.  

These data were found t o  y i e ld  good cross  sec t ion  results 
The data f o r  ~r were i n t e r n a l l y  incons is ten t  and a 

Debugging and 
The bas ic  func- 

A magnetic tape  of the  MeV t o t a l  c ross  sec t ions  

REACTOR OEVELOPMWT - 04 PROGRAM 

PLUTONIUM RECYCU PROGRAM 

31-A.l - Light Water experiments in t h e  FCTR 

Calculations made w i t h  the "PHYSICS CHAIN" code ind ica te  that polyethylene 
containing N 

should be adequate, s ince t h e i r  range of boron concentrat ion i s  -0.2 t o  
-2.0 w/o. 
a determination of t he  s i z e  and d i s t r i b u t i o n  of the  boron p a r t i c l e s .  

boron w i l l  be needed f o r  t h e  U-A1 experiment with 
wu-235 S 200 . The borated polyethylene d i sks  shipped with the  PPA 

Chemical ana lys i s  of these  d i sks  i s  being performed as w e l l  as 

It should be possible  t o  begin the  experiment by mid-July. 
cans have been made and design of spec ia l  g raphi te  blocks t o  surround a 
hexagonal test core i s  e s s e n t i a l l y  canplete.  
w i l l  be ava i lab le  within E f e w  days. 
an aluminum spacer f o r  t he  c e n t r a l  t e s t  sample, f o i l s  and f o i l  holders,  
cadmiwn covers f o r  t h e  BF3 tubes,  modifications t o  the  flux t r ave r se  
nechanims 

Aluminuxu Fuel 

T tubes 
Four 1/4" O.D. 

Other items t o  be f i n i s h e  i rdude  

PRTR Birnup Exp e r  iment s 

The inconsistency of t he  plutonium burnup data has been a major problem 
during t h e  analyses of t h e  experiment. 
reducing these  incons is ten t  data has provided some i n t e r e s t i n g  results. 
When t h e  Pu-240 atcm percent  i s  p l o t t e d  as a f'unction of Pu-239 a t a n  per- 

One approach t o  t h e  problem of 

cent, d l  t he  da ta  poin ts  l i e  within the  e r r o r  bars  of t h e  
curves. One curve results from the  samples taken from t h e  
of t he  19-rod f u e l  c l u s t e r ,  and t he  samples taken from the  
and the  center  rods def ine another curve. 

r e s u l t i n g  
outer  r i n g  rods 
inner  r i n g  rods 
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If one then forms the r a t i o  of the Cs-137 determination (d/m/ml) t o  the 
alpha determinatian (d/m/ml.) and plots  this r a t i o  as a function of the 
Fu-239 atun percent, the consistency of the  Cs-137 data and the alpha 
counting data can be evaluated. 
t ions  were made, eight samples plotted outside the error bars of the result- 
ing curve. 
samples of the abwe 81 samples were reruns> of the final 69 samples 
actually used, three plotted outside the error bars. 
these data are, therefore, within the errors  placed on the determinations. 

Of 81 samples on which these determina- 

The r a t i o  was considered t o  be i n  error & 4.25s. Since 12 

The consistency of 

These two steps include experimentel data from two operations and constitute 
two-thirds of the t o t a l  data. 
cludes sample weights, volumes, and sample positions. 
consistency of this par t  of the data, the r a t i o  of the Cs-137 determinations 
(d /m/ml )  t o  the sample fuel density (&li ter)  as a function of Fu-239 atom 
percent was plotted. In this case 23 of the 81 samples platted outside the 
expected errors, and includes 6 of the previously mentioned samples. Thus 
17 samples appear t o  vary more than &3$ from the curve drawn through the 
data due t o  the lack of knowledge of the i n i t i a l  enrichment and poor solu- 
t i on  preparation. The dsta are the most inconsistent and have not been used 
t o  calculate percent burnup of the plutonium. 

A remaining quarter of the t o t a l  data in- 
As a check on the 

Specific Power Increase i n  the PR!FR 

An a n d y s i s  of the two-zone (U% and Pu-Al) c r i t i c a l  approach made during 
i n i t i a l  startup of the FRTR has been ccmpleted. 
the effective multiplication factor, kff, f r a n  FIETI is Qff = 1.019 or 
1.9$ high. The effect  of the weir on the axial neutron leakage was not 
included in  the calculation. This would improve the calculated result. 
Consequently, design calculations on the reduced core for the EKtR are  
continuing assming the val idi ty  of t h i s  (GAM-1, THERMOS, HFN) calculational 
model 

The calculated value of 

Phoenix Fuel Program 

1. PU-d49 and PU-v235 Systems 

me plutonium-burnable 

time behavior of these cores follows the eqec ted  patterns. 
d49, 95/5 Pu mixture shows a positive react ivi ty  mismatch at an 
intermediate stage in the l i f e  cycle. 

oison system studies have been extended t o  
include mixtures of SI& f 9 and vwiaus Pu-composites. The reactivity- 

Qlly the  

Additional calculations have a l s o  
The 50/31 Fu i s  s t i l l  too r i ch  i n  

been performed on Fu-$35 systems. 
pU239. The use of even more exposed 

UNCLASSIFIED 
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F'u i n  c o n j u n c t i a  with $35 may be of i n t e r e s t .  

2 .  Zircanin:  Hydride Study 

Flut,onium-fueled ZrH cores may be of i n t e r e s t  in connection with t h e  
Phoenix program. Cores of t h i s  tyye d isp lay  i n t e r e s t i n g  temperature 
coef f ic ien t  c h m a c t e r i s t i c s .  

The purpose of t h i s  study i s  t o  devise a computational scheme whereby 
prcanpt temperature coe f f i c i en t s  in reac tor  systems containing zirconium 
hydride can be rap id ly  calculated.  Several physical  models have been 
deveioped f o r  t he  treatment of neutron sca t t e r ing  i n  zirconium hydride, 
but extreme care must be taken i n  se l ec t ing  the  model su i t ab le  f o r  a 
g iver  s i t ua t ion .  For example, t he  presence of both water and zirconium 
%vdri.de i n  a core tends t o  produce severe discrepancies  in the  ccmpari- 
son of empirical  and calculated temperature coe f f i c i en t s .  

As a first approach, t he  Nelkin m o d e l ,  w i l l  be used i n  the KERNEL code 
t o  generate t h e  z i r c m i u n  hydride s c a t t e r i n g  kernel .  This result w i U  
then be fed i n t o  SPECTRUM_and GAMto generate temperature dependent 
group constants .  
and hence the  temperature coe f f i c i en t s  i n  various temperature ranges 
w i l l  be calculated f o r  se lec ted  core configurations.  

Ultimately values  of k.&f f o r  var ious tanperatures ,  

3 .  MTR Plutonium Loading Analysis 

Time-0 s t a t i c s  ca lcu la t ions  f o r  t h e  two loadings t e s t e d  in August of 
1958, MTR Cycle 108, have been completed. 
elements having an H t o  Pu atm r a t i o  of about 500. 
core contained 3.69 kg of plutonium with 4.3 i so top ic  $ PU240. 
power care  had about 0.25 kg l e s s  plutonium asd t h e  r e f l e c t m  was 
penetrated by a s a n e w h a t  g r ea t e r  number of absorbing experimental 
pieces.  Both coresp hawever, were surrounded by about 50 removable 
r e f l e c t o r  pieces  containing cooling water and capsules of materials 
t o  be i r r ad ia t ed .  
302000 grams. 

The reac to r  physics configuration, based on measurable rod worths, had 
9. ''rffls-ou~;~' m i t i p l i c a t i o n  of 1.200. 
been obtained. 
1.120 has been exac t ly  duplicated.  
physical  detail i n  t he  r eac to r  m o d e l s  w i l l  pe r turb  these  r e s u l t s  by an 
estimated 0.5s Ak/k. 

The two cores contained 
The r eac to r  physics 

The 

The cobal t  i n  these  capsules, alone, t o t a e d  near ly  

A camputed value of 1.192 has 
The power configurat ion "rods-out" mul t ip l i ca t ion  of 

The incorporat ion of more exact  

http://vdri.de
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Code Development 

A recently discovered error in HRG has been corrected. 
af'fected only the calculation of the group averaged microscopic trans- 
port cross sections for  each nuclide, but made appreciable effect  there. 
For example, resu l t s  of a test case indicated that errors of as much as 
50s in utr could occur f o r  sane groups for  some nuclides. 
work on HRG, output formats have been revised t o  make the resu l t s  
more readable. HRG w i l l  then be put on the Physics Chain tape. 

This error 

In other 

2. GAM - 
A recently discovered error in the J-table on the GAM (and HRG) data 
tapes has been corrected. 
integral  calculations are made. 
entry, was present i n  the original data tape supplied by General Atanic .  
The effect  of this error on previous calculations can only be conjec- 
tured. 
lying in the immediate vicini ty  of the erroneous entry. 
discovered when the parameters f o r  the Ar240 1 ev resonance landed i n  
i t s  vicinity;  i n  this case the calculated t o t a l  R.1~40 resonance integral  
was lar by 1/3. 
have been corrected, as have the tables  on the l a t e s t  ERG data tapes. 

This table  i s  used only when resonance 
The error, a factor of 10 i n  one 

It would affect  the contribution of any resonance with parameters 
The error was 

The J-table on the l a t e s t  CLT's used on Physics Chain 

3.  ZODW-2 

I n  ZODIAC-2, C L W K  B is  replaced by CLERK C, and N(XMAL MODES BY 
ALCHEW. C L W K  C accaanmcdates twenty isotopes in any arrangement, as 
opposed t o  the f i f t een  isotope CLERK B, in which treatment of any 
specific isotope depends upon i t s  location within the f i f t een  isotope 
array. Decay factors  and captive multipliers are fixed within CISIK B, 
but are input t o  CLERK C. An additional advantage of ZODIAC-2 l i e s  
i n  the superiority of ALCHEMY over NCWMAL MmES. ALCHEMY i s  able t o  
reach a suund solution even with degenerate input of the sor t  that 
frequently a r i ses  when data are prepared in  an automated manner as 
in  the case with ZODIAC. ZODIAC-2 has sa t i s fac tor i ly  duplicated 
previous resu l t s  with the standard t e s t  case and has been released f o r  
use under programmer supervision. 
were published and distributed t o  prospective users. 

Preliminary input instructions 

4. RBU - High Energy Inelast ic  Scattering 

The inelast ic  spectrum tables i n  the RBU Basic Library have been updated 
t o  include newly calculated ine las t ic  probabili t ies and the associated 
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excitation energy losses. 
C,be s t a t i s t i c a l  model of the nucleus and on a suitable weighting flux. 
An infmmal report which describes the calculation in detail has been 
written. 

The calculated probabili t ies are based on 

- Iso%opi: A ? ? y s i s  of PRTR Samples 

I s o t o p :  u s e s  were provided on 8 pbbmium samples of PRTR-irradiated 
h e 1  elemems i n  support of the plutonium Recycle Program. 
bunuF samples fran Al-MI-Ar element Number 5109 and one was a recheck of 
8 b-unLip sample from Al-Mi- Ar element Number 5095. 

- 
Of these, 7 were 

- 7 l n s t m ~ . t ~ t i m  md Syszem Stu2ies 

Develcpental study continued regarding incorporation of improvements t o  
zhe FRTR exhaust air monitoring system. 
indisa-sing the desired sensi t ivi ty  t o  be 3.5 x 
Rb-88, and 1-131 radionuclides. This requirement dictates  incorporation 
of a smpiing system detector assembly. 
study w l L l  be described in  a report now being prepared. 

IhrirLg the nonth a preliminmy tes t  was conducted in anticipation of 
trcrukles that might be encountered in reading out moderator leve l  and flux 
f o r  forthcaning power spectrum analysis tests. 
v o l t  battery was a better power source 'than the standard high voltage supply 
+,hat pwers  the uncompezated ion chamber because of reduced 60 cps noise. 
The SwsStwmt different ia l  pressure transmitter worked well. 

New informstion was received 
@i/cc for Cs-138, 

Conclusions reached during the 

It w a s  found that a I200 

S c b z i 5 i c a l  Experiments with EBWi Riel 

Experbents with the EBWi &el elements in l i g h t  water were cmpleted in 
the Cr i t ica l  Approach Faci l i ty  fo r  the l a t t i c e  spacings 0.93, 0.90, and 
0.60 inchzs. 
spaLiW of 0.90 inches. 
%cr tne extrapolation length due t o  a fau l ty  counter. 
the three l a t t i c e  spacings a re  l i s ted  i n  Table I. 
and ckimges may occur because of harmonic corrections. 

AE experiment had been conducted previously with the l a t t i c e  
In that experiment spurims results were obtained 

The results for 
They are preliminary 
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C r i t i c a l  No. of R o d s  Extrapolat ion Buckl ng 
lLength(cm) (dl I a t t i c e  

Spacing ( i n )  Ekperiment Calculated( I 
0.60 a 9  847 (-3 7.99 6 513 
0 8 0  452 474 (-6 a) 6.75 

8.22 o.90(a) 4 5 6 w  474 (-5 mk) 
0 *93 488 508 ( -5  a) 6.64 5521 

( a )  Earlier data. 

(b) physics Research Quarterly Report, J anuaq ,  FebruEuy, March, 1964, 
~81659. 

The nwnber of rods f o r  a c r i t i c a l  loading are cunpared i n  Table 1 t o  values  
which have been obtained a n a l y t i c a l l y  using t h e  Nelkin s c a t t e r i n g  model and 
the  c ross  sec t ions  suggested by Sher. 
difference between t h e  ca lcu la ted  and measured mul t ip l ica t ions .  

Also s h a m  in the  table is  the  

C r i t i c a l  Emeriments with EBWR Fuel 

Subs t i tu t ion  and worth measurements with t h e  EBWR f u e l  i n  t h e  H20 
moderated PRCF is  continuing. 
of d i sp lac ing  a,lO with a f u e l  rod is  canpleted frm t h e  center  of t h e  core 
t o  a radius 29$ greater than t h e  care  radius .  
the  center  f u e l  rod pos i t i on  using an open ended c y l i n d r i c a l  void 0.585 
inches in diameter is cmple ted .  
reac tor  mater ia l s  a r e  being prepared f o r  measurement. 

The temperature coe f f i c i en t  was measured over a soC s an frcm 2OoC t o  
ambient. 
because the  
t u r e  increases .  
t o  w h a t  H20 alone would give.  

A radial. t r ave r se  of t h e  r e a c t i v i t y  e f f e c t  

A v e r t i c a l  t r ave r se  along 

Several cont ro l  rod ma te r i a l s  and other 

8 This coe f f i c i en t  is  approximately 0.025 mk/ C and is pos i t i ve  
templates expand s l i g h t l y  more than  %O as t h e  tempera- 

The template expansion gives  an e f f e c t  which is opposite 

The reac to r  noise spectrum has been analyzed and t h e  r a t i o  of e f f e c t i v e  
f r a c t i o n  of decay neutrons t o  t h e  neutron l i f e t i m e  i s  75 k 8 f o r  t he  &O 
moderated PRCF. 

Tests were continued on void producing materials for t he  PRCF. 
e f f e c t s  Ap of styrafoam w a s  compared t o  e 0  and t o  Lucite and Lexm plas- 
t i c s  i n  the  PCTR. 
a r e  0.0652, 0.0479., 0.0453 and 0.0344, respec t ive ly .  When immersed in %O 

React iv i ty  

The Ap (cents)/gram f o r  +O, Lucite,  Styrofoam and Uxan 
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the  void f r a c t i a n  of Styrofoam samples changed 4 t o  84 i n  250 hours. 
t i v i t y  measurements a re  being made in the  PRCF using t h e  sample having the  
mcsz s t ab le  void f r ac t ion .  
axe being made in the presence of and i n  the  absence of t he  void. 

Reac- 

A t  t h e  sane time spec t r a l  index measurements 

The data obtained f rm copper and lutet ium pins  which were i r r a d i a t e d  in 
t he  IIRCF a r e  being analyzed. The ana lys i s  of the  copper da t a  i s  completed 
and tha': of t he  lutet ium data i s  approximately 504 c a p l e t e d .  
radial t raverse  showed neutron flux d i s t o r t i o n  i n  the  v i c i n i t y  of a sa fe ty  
r d  inser ted  t o  hold c r i t i c a l  during the  i r r a d i a t i o n .  In the  region of the  
safety rod, the  cadmium r a t i o  f o r  copper var ied frcm 6 t o  8. In t h e  v e r t i -  
cal. d i rec t ion ,  i n  the place of the  removed c e n t r a l  f ie1 element, t he  capper 
cadmium r a t i o  w a s  approximateily 12. 

Gold wires 0.020 x 50 inches were received and palladium fo i l s  1/2 x 0.005 
inches are expected within a week f o r  f u r t h e r  'spectrum measurements. 
these  measurements stainless steel-gadolinium a l l o y  covers f o r  p i n  neutron 
de tec tors  a r e  being fabr ica ted  of several  thicknesses.  
at-ailable,  300 s e r i e s  s t a i n l e s s  s t e e l  with 20% gadolinium and HasteUoy 
with 0.5$ gadolinium. 
opt.mum cover thickness f o r  each alloy and the  degree of haanogeneity of the  
alloy. 

The c q p e r  

For 

! b o  alloys are 

An i r r a d i a t i o n  w i l l  be made i n  t h e  E!CR t o  f i n d  an 

Cclculat isns  of C r i t i c a l  Approach Loadings 

Cdcu la t ions  of t h e  e f f e c t  of neglect ing t h e  s p a t i a l  weighting of t h e  fast 
cross sec t ions  have been made f o r  t h e  EBWR fueled c r i t i c a l  approach experi- 
ments, 
l a 5 t i c e  spacings. 
f o r  these  systems proves adequate; t h i s  result agrees  with similar s tud ie s  
for U @ - l i g h t  water systems. I n  addition, ca lcu la t ions  u t i l i z i n g  HRG instead 
of GAY-1 fo r  t h e  higher energy c ross  sec t ions  were made which showed scme 
slight improvement i n  the  calculated c r i t i c a l  mass (maxinxum e r r o r  C 3s). 
The e f f e c t s  of including resonance s p a t i a l  se l f - sh ie ld ing  ca l cu la t ions  fa 
.h240q $35, and h239 i n  HRG were all slight ( i . e . ,  1 mk at the most for 
t h e  6?40 ca lcu la t ion  and nothing f o r  the  other two). The thermal parameters 
(-;if. 5 and f ) as calculated using THERMOS were ccmpared with those calculated 
using a monoenergetic, i n f i n i t e  medium energy model ( V - m S T ) .  The results 
tend t o  show that where the re  is  agreement between Ff's (and h f f ' s )  t h e  
P3-TENPEST method shuws compensating e r r o r s  i n  fi and f .  

"he results s h m  a 0.2% ( 2  mk) maximum change i n  kff f o r  all 
Thus the  hanogeneous mcdel f o r  ca lcu la t ing  fast constants  

EBwi Core Calculations 

'The e f f e c t i v e  mul t ip l i ca t ion  f o r  the  cold-clean 
zone as well  as t h e  f u l l y  loaded r eac to r  ( i .e. 

lo&ing of t h e  mixed oxide 
including enriched and 
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UNCLASSIFIED B-17 HW-83000 

natural U% + ref lector)  have been determined using a s l ight ly  different  
c e l l  model than previously used ( i .e . ,  the model accounting fo r  the hard- 
ness i n  the EBkIR core). The effect  of t h i s  model resu l t s  i n  an increase 
in  lr+,f 
of 1.53 (1.135 t o  1.150) fo r  the fully loaded reactor. 
erature coefficient and the  Doppler coefficient for  the mixed oxide zone 
have been calculated and both are negative. 
t o  poison the mixed a i d e  zone, and the fu l ly  loaded reactor t o  cold-clean 
effective multiplications of 1.0 has a lso  been determined. 

of 1$ (1.085 t o  1.095) for  the mixed oxide zone and an increase 
The moderator temp- 

The amount of boric acid needed 

HIGH REACTCR F'EYSICS PROGRAM 

The containment of thermal insulating materials within the gas envelope of 
the HTLTR i s  a design feature that may raise sane materials problems. The 
area of major concern is  the corrosion of reactor components by cmtaxninant 
gases arising fran incanplete purging of the graphite and insulating brick. 
Ini t ia l  experimental tests have s h m  that the G 3 2  brick t o  be used in the 
high temperature region can give off about 7 'x lom6 moles of gas per gram 
at 1000°C. The composition of the gas i s  56s H 2 0 ,  414 C Q ,  and remainder 
N2 and hydrocarbons. 
gas as th i s ,  most of which i s  CQ. 
the a m o u t  of gas effluent w i l l  be measured during repeated heatings of 
the same sample. 
materials. 

Diatarnaceous earth givesoff about 40 times as much 
Further t e s t s  have been started i n  which 

Similar measurements w i l l  be made with other insulating 

The Standard and C Bponential Piles were disassembled, the bars  sorted by 
s ize  and representative blocks measured t o  check machining tolerances i n  
preparation for use in the HTLTR project. Enough highly satisfactory bars 
can be made available t o  fabricate the HTILCR stack. 
same length dimensioning w i l l  be required, but no further surface machining 
w i l l  be necessary. 

Keyway cutting and 

NEUTROM FLUX MONITQR PROGRAM 

A formal interim report outlining the status of the program t o  develop 
in-reactor methods of measuring neutron flux by the use of regenerating 
isotopes has been prepared and submitted for  publication. 
includes estimates of uncertainties imposed by incomplete cross sectional 
data. 

The report 

plans t o  fabricate experimental regenerating detectors have proceeded 
with the procurement of sample quantities of U-234. 
enriched to 10.2$ with U - 2 3 5  t o  provide the necessary regenerating material 
fo r  use i n  the chambers. This is  s l igh t ly  greater than the 9.94 enrichment 
calculated as opt- using the MIN of computer program; however, 

This material was 
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resul ts  w i l l  not be significantly affected. 
s i t e  fabricator indicate that sane material 

Communications with the off- 
deposition problems are being 

encount.ered. 
and approved. 

A tes t ing and irradiatiun service request was completed 

Fabrication of a new B-11 beta current neutron f lux monitor assembly i s  
progressing; however, delays are being encountered due t o  lack of delivery 
of the required cables. 
the resistances did not meet the specifications. 
are usable for the planned tests wherein the assembly push rod was re- 
designed t o  decrease water velocity past the assembly t o  about 2.5 f%/sec. 
The decreased flow i s  expected t o  substantially reduce vibration problems 
encountered in previous t e s t s .  

Difficult ies were encountered with water leakage Fn the aluminum c m  which 
held two waveguides and a He-3 gas plasma being employed t o  test  the cross- 
coupling principle for  the microwave neutron flux monitor. 
caused premature test  stoppage w i t h  no u s e m  test  data obtained. 
probe assemblies are  being fabricated fo r  further tests at the K’W Reactor 
snout f a c i l i t y  . 

A par t i a l  shipment of cables was received; however, 
It i s  believed the cables 

The leakage 
Two new 

NONDESTRUCTIVE TESTING RESEARCH PROGRAM 

Electramagn e t i c  Test- 

Characteristics of the multiparameter tubing tester are being developed 
t o  meet the requirements for  eddy current inspection of N Reactor process 
tubes. 
the Zircaloy-2 tubing. Initial tes t s -us ing  an internal  eddy current co i l  
i n  the multiparameter arrangement showed t h a t  signals f ran  hydrided areas 
at  the levels  of in te res t  were - masked by t e s t  co i l  probe wobble signals. 

To bet ter  assess the hydride detection problem, two-sets of tests were 
made wi th  small external test coi ls .  
diameter t e s t  coil ,  a 100 Kc oscil lator,  laboratory amplifier and a vector 
impedance locus p lo t te r  were used. 
areas at  high concentrations were readily detected; however, instrument 
noise masked signals fran areas having lower concentrations. 

The second t e s t  gave bet ter  resu l t s  with a 1/4 inch diaaeter test  co i l  
and operated at 200 Kc. A signal-to-noise r a t i o  of two was obtained in 
detecting a hydrided area having a concentration level  of apprwimately 
500 par ts  per million. 
during scanning and is  expected t o  be reduced by use of an improved probe 
suspension. 

One parameter of special in te res t  is  the detection of hydride in 

In the first t e s t  a 1/8 inch 

With th i s  arrangement, two hydride 

Most of the noise w a s  due t o  probe vibration 

S tab i l i ty  tests on t h i s  equipment have not yet been made. The 
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pranis ing results obtained show that the hydride (conduct iv i ty)  parameter 
can be included i n  a scanning type probe multiparameter t e s t  f o r  N Reactor 
process tubes. 
de t ec t  bydrided a reas  at  higher concentration with the  l a r g e  i n t e r n a l  
coaxial  t e s t  c o i l s  f o r  faster scanning. 

These results a lso  give encouragement t o  the e f f o r t s  t o  

A method of de tec t ing  end boundaries of aluminum i n s e r t s  i n  a developmental 
tubules AlSi fuel extrusion was developed. 
t o  monitor t he  difference i n  e l e c t r i c a l  conductivity of t h e  aluminum i n s e r t s  
and the surrounding AlSi. This tes t  was performed using a 1/8 inch diameter 
tes t  c o i l  operated at  20 k i locyc les .  The f in i shed  length of the inserts 
was intended t o  be th ree  inches with t h e  i n s e r t  sandwiched between two 
l aye r s  of AlSi each 0 .aO inches th ick .  Although radiographic t e s t s  had 
f a i l e d  t o  loca t e  the aluminum inserts, t h i s  eddy current  t e s t  accura te ly  
mapped out t h e  irregular boundary of the i n s e r t s .  

An eddy cur ren t  test  was used 

Fundamental Ultrasonic Studies 

Longitudinal wave a t tenuat ion  measurements on t h e  aluminum, Wrcaloy-2 
and stainless steel samples are c m p l e t e .  
i nd ica t e  that only two of the aluminum samples showed any di f fe rences  
i n  u l t r a son ic  proper t ies .  The groups of th ree ,  of each material, were 
assumed t o  have d i f f e r e n t  gra in  s i z e s  and s t ruc tu re  as t h e  r e s u l t  of 
p r i o r  working and heat t reatment .  
representa t ive  samples substantiated the u l t r a son ic  r e s u l t s  that the 
only  s ign i f i can t  gra in  s i z e  changes were in the aluminum samples. 
s t a i n l e s s  s t e e l  samples had very uniform g ra in  s t r u c t u r e s  as indicated by 
the  near ly  i d e n t i c a l  a t tenuat ion  curves frm the u l t r a s o n i c  tests. 
of the aluminum samples exhibited a sharp increase in  a t t enua t ion  at  a 
frequency of t h r e e  megacycles and remained r e l a t i v e l y  constant  up t o  f i v e  
megacycles. 
manner with frequency and no explanation f o r  the behavior of t he  aluminun 
sample i s  evident .  

Analysis of these r e s u l t s  

Hawever, meta l lurg ica l  examination Of 

The 

One 

The a t tenuat ion  of all other samples increased i n  the t y p i c a l  

Shear wave a t tenuat ion  measurements have not  ye t  been poss ib le .  
t o  reduce pulse r i s e  and decay times by damping the  t ransducers  with 
tungsten loaded epoxy backing members were not  successful .  The epoxy 
apparently continues t o  p l a s t i c i z e  which makes uniform bonding t o  the 
transducer d i f f i c u l t .  Also, t he  e l e c t r i c a l  connection t o  the backing 
member did not  prove t o  be s u f f i c i e n t l y  adherent f o r  repeated usage. 
Other methods f o r  obtaining good damping c h a r a c t e r i s t i c s  f o r  shear wave 
measurements aze being explored. 

Attempts 

A best e f f o r t  cont rac t  was negot ia ted with an o f f s i t e  vendor t o  supply 
glass samples having a v a r i e t y  of air f i l l ed  c a v i t i e s .  It i s  an t ic ipa ted  
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tha t  these samples w i l l  be suitable f o r  wave diffraction studies on small 
imperfections. 
for  vacuum diffusion bonding of m e t a l  samples as a possible alternate 
method fo r  fabricating snall imperfections i n  metals. 
paramet.ers of pressure, etc., are cclnpatible with onsite equipment and 
init ial  diffusion bonding experiments are under way. 

lhquiries were made t o  determine recamended procedures 

The suggested 

Heat Pansf e r  Testing 

h experiment using a f lash lamp as a heat source showed that the differ-  
ences isl thermal diffusivity between aluminum, quartz and h c i t e  could be 
demonstrated. 
thermal transducer of a th in  sheet of black paper was inserted between the 
flash lamp source and the sample surface. Heat t ransfer  fropn the trans- 
ducer t o  the sample was due t o  thermal conduction through the th in  layer 
of air between the two. Since the'thermeJ. conductivity of a i r  is almost 
independent of pressure near one atmosphere, heat conduction t o  the sample 
s h d d  be constant fo r  a given transducer--sample spacing and temperature 
difference . 

To eliminate emissivity effects in the pulse method, a 

Fatigue and Residual Stress Detection 

Bar samples of 304L and 4340 stainless s t ee l  and 212B carbon steel were 
flexed in four-point bending at 1800 cycles per minute t o  within about 
85 percent of t he i r  fatigue l i fe .  
determined by monitoring the sample temperature and noting i ts  rapid 
increase as fatigue failure approached. 

The fatigue condition of the bars was 
' 

IPltrasonic c r i t i c a l  angle t e s t s  were conducted on the prepared samples 
t o  evaluate fatigue detection capabili t ies.  
mfa t i aed  samples showed beam shift signal changes as much as a factor  
of ten. 
when the c r i t i c a l  angle test  was used as a pulse-echo test .  
method was used primarily t o  find positions on the fatigue samples which 
were free of cracks. 
of the fatigued specimens which had pulse-echo background signals about 
equal t c  those on the unfatigued samples. 
cppears that fatigue can be detected before the surface cracks initiate. 

It was interesting t o  observe that differences i n  beam shift signals were 
detected i n  same of the supposedly identical  samples pr ior  t o  their being 
fatigued. Although it was not determined whether there would be any cor- 
relatior, with fatigue l i f e ,  the possibi l i ty  for  precharacterization of 
metals by c r i t i c a l  angle tests i s  intriguing. 

Comparisons with the 

Some samples had small fatigue cracks which were easi ly  detectable 
The pulse-echo 

The beam shift changes were then measured on pOI%iOnS 

Frm t h i s  prelbdnm'y work, it 
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Fatigued areas on a 3ObL stainless s t e e l  sample were detected using an eddy 
current  method. 
also gave large eddy current  indicat ions.  Further eddy current  t e s t s  using 
improved c i r c u i t r y  and c o i l  design are being planned. 

A sesrch of the  l i t e r a t u r e  revealed that stress can influence the  thermal 
proper t ies  of so l id s .  
developed should be appl icable  t o  the  de t ec t ion  of r e s idua l  stress, pro- 
vided the necessary s e n s i t i v i t y  can be a t t a ined .  

Areas containing cracks located with t h e ’ u l t r a s o n i c  t e s t s  

Thus, t h e  t h e m  transducer technique being 

Detection and Imaging of Ultrasonic Energy 

The study of wavefront reconstruct ion as a method of imaging ultrasound 
was continued. Two beams of ultrasound were posi t ioned t o  i n t e r f e r e  a t  
a water surface. 
spec ia l ly  constructed optical. system. 
on e i t h e r  side of t.he d i f f r a c t e d  zero order image. 
w e l l  separated d i f f r a c t i o n  orders  i s  e s s e n t i a l  t o  t h e  wavefront reconstruc- 
t i o n  imaging technique described i n  HWJR-1731. Diff rac t ion  orders  were 
observed only with pulsed u l t r a son ic  beams. Continuous beams re su l t ed  in 
water surface d i s t o r t i o n  which e i t h e r  obscured or  prevented the formation 
of d i f f r a c t i o n  orders.  It i s  believed that Continuous waves w i l l  a l s o  . 
produce d i f f r a c t i o n  orders if mult iple  r e f l e c t i o n s  of ultrasound a r e  pre- 
vented. 
ference between the  u l t r a son ic  beams. 
were shut off,  no d i f f r a c t i o n  orders were observed. 

The r e s u l t i n g  in te r fe rence  p a t t e r n  was observed with a 
Farr d i f f r a c t i o n  orders were observed 

The a b i l i t y  t o  produce 

The di f f rac ted  light beams were shown t o  be due e n t i r e l y  t o  in t e r -  
When e i t h e r  of t h e  u l t r a son ic  beams 

Nondestructive Test ina f o r  IsotoDe Containment Cells 

The thermal d i f f u s i v i t y  of compacted SrTiqS i n  a cross-sectioned isotope 
containment c e l l  was measured using a thermal transducer %echniqueo 
Although the  transducer has only been developed enough t o  d i s t ingu i sh  gross 

the 
d i f fe rences ,  
that of quartz.  The t ermal d i f f u s i v i t y  of single S r T i q  c r y s t a l s  is given 
as 0.a1 cm2/sec i n  the  l i t e r a t u r e .  
powder would be somewhat d i f f e r e n t ,  depending on t h e  f r a c t i o n  of t h e o r e t i c a l  
densi’;y attained 

appeared t o  have a thermal d i f f u s i v i t y  similar t o  

Thermal proper t ies  of t he  cmpacted 

USAEE/AECL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath Tubing 

Use. of t h e  prototype sheath tubing t e s t e r  t o  test a v a r i e t y  of tubing types 
continued. 
diameter - 50 mil w a l l  Inconel tubes t o  be used i n  a heat  exchanger. The 
noise l e v e l  i n  this tubing was equivalent t o  a 1.5 m i l  deep notch; conse- 
quently, t he  tubing could not be t e s t e d  f o r  notches a t  t he  usual  low l e v e l  

The t e s t e r  was set up t o  t e s t  seven foo t  lengths  of 5/8 inch 
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of 1 mil. 
which corresponded t o  the  u l t r a son ic  noise l e v e l  measurement. 

Grain s i ze  measurements revealed grains as l a r g e  as 1.5 mils 

!be t e s t e r  was subsequently s e t  up t o  de tec t  2 mil deep by 15 m i l  long 
circumferential  and a x i a l  ncrtches on both t h e  ins ide  and outs ide surfaces .  
The u l t rasonic  en t ry  angles used were 19.9 degrees f o r  t he  circumferent ia l  
flaw t e s t  and 16 degrees f o r  the a x i a l  f l a w  test. 
u l t r a son ica l ly  t e s t e d  previously and all indica t ions  g rea t e r  than 4 mils 
i n  depth and 1/2 inch i n  length were re jec ted .  
than 2 mils were detected by the  t e s t e r  and v e r i f i e d  by v i sua l  inspection. 

The tubing had been 

Many defec t s  of g rea t e r  

Checkout of t he  cooperative program sheath tubing test s t a t i o n  was cmple ted  
and it was crated f o r  shipping t o  t h e  Geneva Conference. 
ping, final p r i n t s  of both the  mechanical and e l e c t r i c a l  systems were 
cmpleted and recordings of normal vol tage wave shape pa t t e rns  were 
obtained. This information, along with equipment photographs, is being 
incorporated i n t o  the  production tes t  equipment por t ion  of t h e  final 
repor t .  Two reports ,  HW-81955, The Measurement of Ultrasonic !Prsnsducer 
Charac te r i s t ics ,  and HW-81956, 6 
Shear Waves - Part I, were completed. Part I1 of this repor t  (HW-61957) 
which descr ibes  the production tes t  equipment, i s  approximately one-half 
zcmpleted. 

Pr ior  t o  ship- 

Fabrication, checkout and evaluat ion of t h e  tubing notch standard punch 
was completed. The punch t o o l  which was machined fran t o o l  steel was 
at tached t o  a milling t a b l e  crossfeed. 
posi t ion,  notches are punched i n t o  both the O.D. aid  I .D.  surfaces  Of 
t he  tube.  
has per-etrated. 
accuracy of 0.05 m i l s .  
vapiat9ions i n  depth of l e s s  than 5 percent when measured o p t i c a l l y  using 
a 500x magnification. 
detected u l t r a son ica l ly  a l s o  varied less than 5 percent.  
f ab r i ca t ion  assembly was used t o  punch approximately 100 notches with no 
apparent punch w e a r .  

With t h e  tubing held firmly in 

A d i f f e r e n t i a l  ind ica tor  measures the  depth t o  which the  t o o l  
This technique allows t h e  natches t o  be punched t o  89 

Ten notches punched t o  a 1 m i l  depth showed ac tua l  

The amplitude a t  which these  t e n  notches were 
This notch 

BIOLOGY AND MEDICINE - 06 P R W  

Atmospheric Physics 

Four f i e l d  experiments designed t o  measure t h e  d ispers ion  of materials 
released f rm an elevated source i n t o  s t a b l e  atmospheric dens i ty  strati- 
f i c a t i o n s  were successfhlly cmple ted  during t h e  month. In these  t e s t s ,  
zinc su l f ide  t r a c e r  mater ia l  was released f o r  a period of one-half hour 
fran t h e  185-foot l e v e l  of t h e  Meteorology Tower with a i r  samples obtained 
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t o  a dis tance of 25 m i l e s .  

The recent ly  r e b u i l t  Portable Mast-Micrometeorological Measurements System 
w a s  moved frcnn  i ts  t e s t i n g  pos i t i on  adjacent t o  t h e  meteorology bui lding 
t o  the f ie ld  l o c a t i a n  near t h e  ground source r e l ease  point .  
i s  considered f i e l d  operat ional  and w i l l  improve the  measurements of 
micrometeorological parameters associated with t h e  atmospheric dispers ion 
experiments. 
operations were being worked out a t  month end i n  conjunction with training 
of operating personnel. 

In s tudies  per ta in ing  t o  t h e  a rea  enclosed within var ious dosage i sople ths  
f o r  t he  "Green Glow" test  s e r i e s )  wind v a r i a b i l i t y  Over t h e  downwind 
t r a j e c t o r y  of t he  released material was f u r t h e r  inves t iga ted .  
correla+,ion w a s  found i n  the  time va r i a t ion  of the w i n d  h i s t o r y  on the  
three towers; one at t h e  source point  and two at  downwind d is tances  of 
1.5 and 1 4  m i l e s .  In most cases, t he  wind speed was found t o  decrease 
with time a t  all loca t ions  during experiments conducted during s l i g h t l y '  
stable conditions.  
t r a j ec to ry ,  a new regression equation fo r  t h e  area within an i sople th  was 
ob tahed ,  which gave a reas  approximately 50 percent g rea t e r  than was 
fr-dicated i n  earlier analyses using source point  winds only. 

A surface energy model i n  t h e  rai,ndrop wetting of scavenged p a r t i c l e s  
was prepared f o r  publ icat ion.  Sane of the  d i f f i c u l t i e s  i n  evaluat ing the  
e f f ec t  of w e t t a b i l i t y  of a p a r t i c l e  on t h e  scavenging process were inves t i -  
gated,  It was s h a m  that the use of free surface energy, instead of sur- 
face tension, improves understanding of the  scavenging process and poin ts  
up the need for photaanicrographs of t h e  contact event.  

B e  system 

Special  and rout ine  maintenance p r o b l a  pecu l i a r  t o  f i e l d  

A good 

Factoring i n  the  change of w i n d  speed along t he  

Radiological Physics 

Mlasurements of r a d i o a c t i v i t y  in ur ine  stun les continue t o  give i n t e r e s t -  

f o  decrease.  
s~unmei of 1963 it was 0.674; t h i s  January it was 0.284. This decrease 
is more than that due t o  rad ioac t ive  decay and ind ica t e s  d i l u t i o n  with 
f a l l o u t  containing no Cs134* 
body burdens of Anaktuvuk Pass Eskimos have been l a r g e r  than the  burdens 
measured by whole body counting f o r  severa l  months. We do not know w h y .  
It may result from the rap id  changes in body burden they have been under- 
gcing. 3) Pooled ur ine  samples obtained monthly f r m  Kadlec Methodist 
Hospital  have been ind ica t ing  average Cs137 body burdens i n  c lose  agree- 
meEt with those obtained at  the  Hanford Whole Body Counter. The rap id  
r i s e  i n  Cs137 burdens that began in 1962 appears t o  have leve led  off  at  

ing results: 1) The r e l a t i v e  amount of C s  E 34 in t h e  Eskimos continues 
In t h e  summer of 1962 it was 1.2% of the  Cs137; i n  the  

2 )  The est imates  by u r i n a l y s i s  of Cs137 
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about 20 nCi, or  about twice the  maximum reached in 1959. 4 )  The Naz2 in 
ur ine  of Anaktuwb Pass Eskimos has been in the  range 50 t o  100 pCi / l i t e r .  
A res ident  of Fairbanks, Alaska ( a  Summer Professor at  Hanfmd Lsbs) gave 
1,9 pCi / l i t e r .  
( i n  cont ras t  t o  e a r l i e r ,  less extensive r e s u l t s )  t h a t  t he re  i s  enough I-iaz 
in these meats t o  account f o r  the  amounts i n  the  people who eat them. 

A for ty- fo ld  increase i n  s e n s i t i v i t y  f o r  
gamma-ray coincidence system of counting. 
Eskimo contains 0.4 nCi / l i t e r  of NE@; if h i s  pbysiology i s  "standard" he 
may contain about 7 nCi; t h i s  should be de tec tab le  by whole body counting 
and we w i l l  look f o r  it t h i s  summer. 
i n t e r f e r e  w i t h  t he  d o  determinations needed for t he  Cs137 cor re l a t ion  in 
urine. 
gamma-ray counting. 

Recent measurements an caribou, moose, and beef indica te  

resulted f rm using a 
The u r ine  of one Ana,ktuvuk Pass 

The presence of ??az has begun t o  

Flame photmet ry  ana lys i s  f o r  the  potassium was subs t i t u t ed  f o r  

P r e p a r a t i m f o r  t h e  summerls work in Alaska were caupleted. 
has been shipped and personnel w i l l  leave ea r ly  in July. 

The plutonium X-ray counter was used t o  measure Pu238 in  rat f eces  and 
ur ine  frcan Biology experiments. 
preparat ion i s  required.  

The equipment 

The method is  a quick one; l i t t l e  sample 

The pos i t i ve  ion Van de G r a a f f  developed a vol tage i n s t a b i l i t y .  
ha l f  t he  month w a s  l o s t  t r y i n g  t o  f i x  it. 
machine and t h e  i n s t a b i l i t y  f i n a l l y  disappeared. 

About 
Many th ings  were done t o  t h e  

Use of xenon proved FmpossSble i n  OLW proport ional  counter neutron spec- 
trometer at  the  pressure we had planned t o  use it. 
the  reso lu t ion  of t he  counter was very poor. 

A t  t he  high pressures  
We plan t o  try krypton next.  

Instrumentation and System Studies 

Experiments continued on development of miniaturized c i r c u i t s  f o r  t h e  
animal physiological  f'unction and dose te lemetry system, 
tunnel diode o s c i l l a t o r  c i r c u i t  w a s  designed and t e s t e d  f o r  operation a t  
100 Mclsec; however, t he  ava i lab le  audio frequency change was inadequate. 
Several new commercial miniaturized blood pressure and r e s p i r a t i o n  rate 
t ransducers  a r e  being obtained f o r  appl ica t ion  t o  t h i s  p ro jec t .  

A bias-control led 

Bcperiments were conducted at t h e  Biology M a t i a n  Laboratory with t h e  
cmple ted  au tana t ic  smoke inha la t ion  cont ro l  
General operation w a s  s a t i s f a c t o r y  folluwing 
Autamatic cont ro l  of t h e  a i r  t o  smoke r a t i o  
achieved. The nose masks are being modified 
of the  dogs. 

system using t h r e e  dogs. 
minor c i r c u i t  adjustments. 
fran 1:l t o  11:l was 
t o  b e t t e r  f i t  the muzzles 

1 2 3 1 3 S 5  
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The Biology dog counting system w a s  improved w i t h  design of the  mechanical 
port ions of t he  scanning d r ive  and f ab r i ca t ion  of both t h e  t r a c k  bed and 
car t .  
phantom was received. This w i l l  f a c i l i t a t e  t he  testing of t h e  new scin- 
t i l l a t i o n  de tec tor  assemblies. 

Assembly of t h e  modified system i s  being accelerated as the  new 

The cmple ted  alpha energy ana lys i s  air  monitor was del ivered t o  the  
intended Biology Laboratory loca t iqn  and only attachment t o  the  appro- 
p r i a t e  a i r  system i s  needed before general  operation ccmmences. 
i n s t ruc t ion  and maintenance manual is  being wr i t ten .  

A cornplete 

Ekperimental work was continued on a so l id  s t a t e  de tec t ion  and c i r c u i t r y  
cmbins t ion  neutron-gamma monitoring system f o r  use in the  measurement of 
neutron and gamma dose rates under mixed f i e l d  conditions.  
pre-lif ier,  using two f i e l d  e f f e c t  t r a n s i s t o r s  i n  a cascode connection, 
was developed and is being t e s t ed .  
was installed in a 25 cm diameter polyethylene moderator and t e s t e d  with a 
PUB? neutron source. 
were made t o  u t i l i z e  the  pos i t i ve  ion V a n  de G r a a f f  f o r  f u r t h e r  t e s t s .  

A low noise 

One surface barrier diode de tec tor  

Sa t i s f ac to ry  r e s u l t s  were achieved and arrangements 

A developed kame1 diode discr iminator  c i r c u i t  was used successful ly  with 
an EMI-9530 €&A 5-inch phototube t o  monitor an Fe-55 radionuclide source. 
The 5 keV spectrum was 2.5 keV i n  width a t  the half-maxinun poin ts .  
ground noise in te r fe rence  was minimized using the  developed pulse shape 
sens i t i ve  coincidence c i r c u i t s .  
technique. 

Back- 

Design w a s  i n i t i a t e d  on an improved c i r c u i t  
The c i r c u i t s  a r e  being developed f o r  use i n  dosimetry s tudies .  

The necessary l o g i c  c i r c u i t r y  was designed f o r  use i n  t h e  peak pulse 
reader instrument, which w i l l  be employed to provide readout fran pulse  
ion chamber reading instruments. Four decades of.caverage a r e  required 
t o  insure  adequate readout c h a r a c t e r i s t i c s .  
i n t eg ra to r s  connected t o  a c a m e r c i a l  d i g i t a l  voltmeter a r e  being employed. 
Reed r e l ays  are employed t o  connect t he  appropriate  i n t eg ra to r  t o  the  DVM 
and 0,8 msec reed r e l a y  operation i s  being achieved, 

Amplifiers followed by 

Work was accelerated on the improvements being incorporated i n  the  remote 
data s t a t i o n s  f o r  t he  Atmospheric Physics radiotelemeter ing system. 
modified da ta  s t a t i o n s  were canpleted in prototype form and f i v e  more 
s t a t i o n s  are being s imi l a r ly  modified i n  the  328 Building e l ec t ron ic s  
shop, As a f inal  change, reed r e l ays  were incorporated t o  e l iminate  the  
chronic problems caused by the  o r ig ina l  stepping switches. 

Two 

The l o g i c  and delay c i r c u i t s  were developed and f ab r i ca t ed  f o r  use i n  a 
pulse r i s e  time discr iminator  instrument t o  be used in dosimetry s tudies .  
Ci rcu i t  r ev i s ions  were incorporated t o  insure  operation over a 3k dB 
dynamic range. The process w i l l  take the  logarithm of the  input signal 

UNCLASSIFIED 
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using fast diodes; the resultant will be sliced to determine the 10% and 90% 
points of the pulse. 

WASH INGT ON DES1 GNATED PROGRAM 

1 
Isotopic analyses were provided on program samples as received this month. 

Installation of the new magnet-sweep coil of the program mass spectrometer was 
completed and the necessary focusing adjustments were made. 
the gate timer of the ion-counting system were made to provide more convenient 
counting intervals of 1, 2, 4, and 10 seconds. 

Modifications to 

The alumina parts for a vacuum-lock sample changer for the mass spectrometer 
have not been received. 

After 21 months of service the electron multiplier ion-detector of one of the 
heavy-element mass spectrometer ( " A " )  became intolerably noisy and had to be 
replaced. 
started to determine the linearity of response and degree of mass 
discrimination of the new electron multiplier. 

A series of analyses of NBS uranium isotopic standards has been 

The PCTR operated routinely during the month. 
shutdowns. 
Center. Measurements were completed to determine the epithermal cross section 
of zirconi um. 
"Lucite," "Lexan, " scotch tape, scotch pressure sensitive tape, and "Marks-A- 
Lot" ink. The graphite R&D neutron spectrometer equipment for making in-pile 
measurements was checked out in the PCTR. Two sets of foils were irradiated 
for normal i zat i on purposes. 

There were no unscheduled 
It was operated twice for the University of Washington Graduate 

Neutron absorption measurements were made on styrafoam, 

TTR ODeration 

The TTR was not operated during the month. A proposed improvement to the TTR 
interlock circuit was investigated and revisions will be made when authorized. 
A pre-startup test switch is planned which will allow observing the action o f  
the safety circuit channels with neutron source in and out of the reactor 
before pulling the safety sheets. In the test position, the switch also drops 
safety rods and sheets. 

UNCLASS I F I ED 
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Cri t ica l  Approach Zhcili ty 

The c r i t i c a l  approach experiments, with light water-modrate EBUR fie1 
rods in 0.60, 0.90, and 0.93 inch l a t t i c e s  were ccrnpleted during the month. 
These rods are  Zircaloy clad with 3/8" fuel core diameter and are 1.504 
Pu% i n  UO, containing 0.224 U-235. Ekponential data were obtained at 454, 
504, and 604 of the c r i t i c a l  loading f o r  the 0.90 inch l a t t i c e .  

PCm and TTR Operating Safety Limits 

Operating Safety Wmits f o r  the PCTR and TTR have been prepared joint ly  with 
personnel of the  AEZ Production Division and Health and Safety Division, 
and with Nuclear Health and safety personnel in Programming. As a basis 
for  operating Saf'ety Limits t o  be issued by the Canmission, Hw-82761, 
PhysLCal Constants Testing Reactor and Thermal Test Reactor, Operating 
Safety Limits, was forwarded t o  the AM: Production Division by Nuclear 
Health and Safety. 

A work order was issued t o  J. A. Jones for  the procurement and ins ta l la t ion  
of air conditioner equipment needs for  ins ta l la t ion  of the  G.E. 412 can- 
puter. 
reviewed. The purchase order has been placed; the van w i l l  be assembled 
i n  Seattle. 

The second round of proposals f o r  a van t o  house the computer were 

The analog cmputer u t i l i za t ion  was as follows: 

EASE 1132 EASE 2133 

124 
29 
7 - 

117 H o u r s  Up Time 
39 H o u r s  Scheduled Down Time 
- 4 H o u r s  Unscheduled Down Time 

160 160 H o u r s  Total. 

I n  addition, the 2133 computer w a s  used on swing shift f o r  87 hours. 
Problems considered during the month were: 

1. N Reactor. 
2. PCTR Hazards Analysis. 
3. ANN Recovery ( C P D ) .  
4. Reactor Model Gas Loop. 
5 .  Radioactive Decay Problem. 
6. N Reactor Cold Water Injection. 

UNCLASSIFIED 
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CUSTOMER WQRK 

Weather Forecasting and Meteorological Services 

Meteorological and ClimatologicaL Services included 1) determination of 
periods of p rec ip i t a t ion  on Rattlesnake Mountain for use in da t ing  r a i n  
samples f o r  HL, 2 )  determination of per iods of highest  temperature at which 
904 or greate r e l a t i v e  humidity could be expected f o r  EIRD, 3)  meteorologi- 
c& aspects  of re lease  of land t o  the  S ta t e  of Washington f o r  HL, and 4 )  pre- 
pared spec ia l  r i v e r  forecas t  f o r  peak s tage expected at N-Reactor f o r  NU). 

Meteorological f a c t o r s  r e l a t i n g  t o  r e t en t ion  of land on the  Wahluke Slope 
were summazized f o r  presentat ion t o  t h e  Advisory C a m i t t e e  on Reactor Safe- 
guards a t  the  request of t he  AEC. 
AEC Headquarter s . P r e s e n t a t i m  w a s  made on June 19 at 

The f i n a l  r i v e r  flood s tage forecas t  was made during t h e  month. During t h e  
balance of t he  water year,  which ends September 30, f l a w  rates are expected 
t o  average much above those of last year while temperatures are expected 
t o  average much lower. The following a r e  predicted monthly average figures 
at  P r i e s t  Rapids with f l a w  rates given in thousands of cubic f e e t  per 
second a.nd temperatures i n  degrees Centigrade: 

J ~ Y  
Augus t  
September 

Flow Rate 

300 
150 
85 

Temperature 

16.2 
17.5 
17.2 

Weather Sunnnary 

Type of Forecast Mnber Made $ R e l i a b i l i t y  

8-Hour Production 90 
24-Hour General 60 
Special  179 

85.4 
85.4 
89.4 

June w a s  a l i t t l e  cooler than normal and p r e c i p i t a t i o n  t o t a l l i n g  0.90 inch 
made t h i s  t h e  first abnormally wet manth s ince  December. 
was more p r e c i p i t a t i o n  during t h e  first e igh t  days of June than in t h e  
previous f i v e  months combined. 

Ib f a c t ,  t h e r e  

Mass Spectrunetry 

Isotopic  analyses were provided on one plutonium sample in support of t h e  
Plut or-ium Regenerating Detector Experiment of Nucleonics Instrumentation 
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and m e  uranium sample in support of HAP0 U233-production studies. 

y y s e s  were canpleted on pre-irradiation uranium samples i n  support of 
$3 
(HW-82766) was issued. Isotopic m y s e s  were a l s o  performed on samples 
of one plutonium and three uranium flux detector pins used in experimental 
studies by Reactor Lattice physics. 

buildup study of IPD Research and EbgineerFng and a sunrm~ly report 

Instrumentation and Systems Studies 

A t  the request of the Chicago Operatims Office, AEC, a Hanf'ord Model 1004 
eddy current tes t ing system was shipped t o  Elk River, Minnesota, and used 
t o  assess the condition of s ta inless  steel tube instal led i n  the No. 1 
primary evaporator. The I .D .  of the tubing was found t o  be less than the 
nominal. 0.620 inches, and only a l in i t ed  number of tubes could be examined. 
Of the  twenty-six tubes which were examined, two were found t o  contain 
indicatians of gross defects originating on the  outer surface. 
tion, many of the tubes were extremely noisy, and t h i s  reduced the over-all 
effectiveness of the tes t .  
s i t e  w i l l  be requested. 

In addi- 

It is  anticipated that further test ing at the 

The possibi l i ty  of ultrasonically inspecting the hcanogeneity of solidified 
wastes appear more p r d s i n g  as a resu l t  of tests which showed that solid- 
to-container bonds on experimental samples transmitted usable amounts of 
ultrasonic energy. 
system t o  run tests at temperatures t o  40O0F. 

The Eddy Current Motion Analyzer (--I), which w a s  developed for  use 
in  studying the fuel  assembly vibrations that have been encountered in 
the  PRTR, has been tested in the EDEL-I loop. During this test period 
sane operational problems were encountered, and an extensive series of 
tests were in i t ia ted  t o  determine the thermal characterist ics of the co i l s  
and lead wires. 
present indications are tha t  the swaged lead wires w i l l  require replacement 
due t o  the i r  unpredictable high temperature characterist ics.  
+,he co i l s  has only been pa r t i a l ly  ccmpleted. 

Work i s  i n  progress an the fabrication of a turntable 

The cmponent testing ser ies  is  about 754 completed, and 

Testing of 

Design progress w a s  achieved on the solid s ta te  circuitry fo r  use in the 
aerial monitor for Ehvironmental Monitoring, E. A five-inch diameter 
NaI(.EL) crystal  w a s  returned t o  the manufacturer for  re-canning. 
count ra te  meter c i rcu i t  is  being incorporated t o  drive the 1 mA chart 
recorder with adequate response time. 
an operat.ional amplifier required by the original monitor. 

A new 

The design eliminates the need for  

m i n e e r i n g  assistance was provided t o  Advanced Fuels Development, HL, 
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regarding measurement of current ,  voltage, and weld e n e r a  f o r  t he  AFD 
res i s tance  welder. 
and attempts axe being made t o  devise an analog-type weld energy cccnputer. 
Additional work i s  being done t o  improve the methods of measuring welding 
electrode pressure; however, t he  inherent high magnetic f i e l d s  are impeding 
progress toward a solut ion.  

Sa t i s fac tory  test r e s u l t s  were obtained with inner de tec t ion  head assembly 
f o r  t he  face  mask monitor being developed f o r  use a t  t h e  HAP0 Laundry 
Fac i l i t y ;  however, extreme d i f f i c u l t i e s  were encountered i n  f ab r i ca t ion  of 
the rather complex outer Lucite light pipe. 
fabr icated t o  hold the  h c i t e  pieces  during the  gluing process. 

Weld current  and voltage waveforms a r e  being p lo t t ed  

A spec ia l  assembly i s  being 

A high temperature gas loop being constructed by Reactor Fuels Reseezch 
and Development f o r  evaluation of mater ia l s  under high temperature environ- 
ments i s  being simulated on the  analog computer. The gas loop has been 
s p l i t  into the following segments f o r  study: 

1. Flar Equations. 
2. Gas Feed In jec t ion .  
3 .  Water Cooled Heat Exchanger. 
4 Regenerative Heat Exchanger. 
5. Heater, Pipe Loss, and Test Section. 

The basic equations f o r  each sec t ion  of t he  process have been defined. 
The flow equations and regenerat ive hea ter  equations have been patched 
f o r  analog computer simulation. Initial study of the  flow equations 
ind ica tes  that one of t h e  major cont ro l  valves may be improperly s ized 
f o r  bes t  operation of the valve because t h e  valve w i l l  be required t o  be 
p r a c t i c a l l y  closed most of t h e  time t o  cont ro l  t he  process. 

An a a d y s i s  of t h e  XTR hazards was undertaken during t h e  r epor t  period. 
Reac t iv i ty  excursions of ramps or s t ep  inputs  were used. Termination of 
the  excursion was by a rod drop or by f u e l  element melting. 
and values f o r  constants  were received and t h e  program w a s  s e t  up for 
the  W B  1132 analog canputer. 
zust  m e r .  

A l l  equations 

All r e s u l t s  have been discussed with the 

A rough draft repor t  has been wr i t t en  f o r  the  6144 channel t ime-of-f l ight  
analyzer.  Logic and c i r c u i t  diagrams f o r  t h e  r epor t  axe being prepared.'  

A rough draft r epor t  has been wr i t t en  f o r  t h e  t r anspor t  lag simulator.  
Issue w i l l  folluw c l a r i f i c a t i o n  of pa ten t  consideration. 
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Design work was canpleted on a d ig i t a l  temperature programmer t o  be used 
by Pbysical Metallurgy for  temperature cycling a stored energy calorimeter. 
The calorimeter i s  almost ccanpletely reassembled, and it i s  expected that 
the controller t e s t s  w i l l  st& within a few days. 

A data acquisition system was d e s i e e d  for experiments planned under the 
containment program and an estimate of equipment cost submitted. 
system proposes the use of a small d ig i t a l  computer t o  control the acquisi- 
t i on  and storage of data. The ccmputer w i l l  a l s o  produce par t ia l ly  reduced 
information fo r  quick work requirements. 

Work has been in i t ia ted  on developing foolproof &strumentat ion capable 
of revealing operation of supposedly shut-darn reactors. Planned for  
instal la t ion i n  decaamnissioned U.S. and foreign reactors by international 
sgencies, this equipment would insure that reactors were l e f t  idle  in 
accordance with international agreement. 
the required objectives are being investigated. 

The 

Technical methods of meeting 

Optics 

The use of a s i l icon photovoltaic c e l l  t o  study the temperature variations 
i n  a graphite welding operation as a function of time w a s  demonstrated. A 
s i l icon c e l l  was installed on the welder and i ts  output monitored with a 
memoscope. 
that i t s  output could be correlated t o  temperature. Canparison of C a l i -  
bration curves t o  the memoscope t race allowed an estimate of the weld 
sample temperature during each portion of the weld cycle. 
were written fo r  par ts  and equipment necessary fo r  a permanent ins ta l la t ion  
which w i l l  include area and temperature resolution a t  both the high and 
low ends of the temperature range. 

The c e l l  w a s  calibrated by use of a carbon arc and sli t  so 

Specifications 

The two-f oot e l ec t r i ca l  readout traverse mechanism .was used f o r  horizontal 
bowing measurements of 6 Reactor. A test  stand is  being fabricated t o  
calibrate the M Reactor traverse mechanism. 
written t o  describe the construction, principles of operation, and use 
of t h i s  device. 

A formal report i s  being 

During the period covered i n  t h i s  report, the following shop work was 
perf omed: 

1. One thousand s ta inless  steel rods were coated with aluminum for  

2. 

3 .  

Advanced f ie ls  Development. 
Pulleys and support blocks were fabricated fo r  the Geneva eddy 
current display. 
Assistance w a s  rendered i n  fabricating pfcrts fo r  a notch punch 
instrument. 
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4. 

5 .  
6. 

8. 

F i f t y  brazing b e l l  jar windows were t e s t e d  f o r  f l a t n e s s  f o r  
use at N Reactor. 
An underwater viewer a t  ICE Reactor was serviced. 
Two l a s e r  c r y s t a l s  were coated with s i l v e r .  
W o  crane periscope heads were repaired f o r  each Pura and Redox. 
Ultrasonic t e s t  samples were coated and machined t o  specif ica-  
tions. 

Physical Testiq 

Radiographic inspect ion service was provided N Department over a holiday 
weekend t o  de t ec t  i n t e r n a l  flaws i n  cas t ings  on high pressure valves.  
One flaw had r e su l t ed  i n  a crack on the  surface.  Several  flaws were 
located and the  l a r g e r  ones were repaired by welding and then  re-inspected 
before being c e r t i f i e d  by the  technicians.  

Meticulous examination of t e n  complete lengths  of tubing removed fran 
the  Steam Generator 4-A at N Reactor i s  ccmpletlng t h e  program of loca t ing  
t h e  pos i t ion  and o r i en ta t ion  of in te rgranular  de fec t s  in the tubes. The 
results of the  year-long program of laboratory s tud ie s  on the  steam genera- 
t o r  problem a r e  being ccunpiled i n  final r epor t s  f o r  t h e  final set t lement  
i n  July of t h i s  year .  

Leak t e s t i n g  w i t h  t h e  new techniques of sound de tec t ion  a r e  becaning an 
increasingly important so lu t ion  t o  numerous p l an t  problems. Two of t h e  
l a t e s t  examples are: 
l i n e s ,  and leaks  in lead-sheathed telephone lines; 
beneath a lashing, not de tec tab le  by other means, had admitted water, 
caused corrosion of t he  wire bundle, and disrupted communications i n  wet 
weather 

t he  de tec t ion  of leaks i n  buried export water 
The latter was d i r e c t l y  

Instrument engineering support t o  Plutonium Metallurgy Operation has 
r e su l t ed  i n  the successfld development of t he  capaci tor  discharge system 
t o  instantaneously heat  me ta l l i c  specimens. In i t i a l  discharges were made 
u s i n g  e l e c t r i c a l l y  fired explosive detonators  f o r  switching. 
detonators  an a l t e r n a t e  switching method of withdrawing mylar f i lm  between 
two copper p l a t e s  was developed. 
the  same f o r  both switching systems. 

To save 

Discharge times and heating r a t e s  were 

Cmparison tests between ~ ~ ~ - 6 6 5 5 ~  phototubes and m-9536-B phototubes 
indicated that pronounced opera t iana l  improvement could be obtained u s i n g  
the  EMI tubes i n  t h e  cambination alpha-beta-gamma hand and shoe counters.  
Further tests indicated that general  performance could be f u r t h e r  enhanced 
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by using transistor preamplif iers  with the e igh t  de tec t ion  probes used 
in each counter. The EXI tubes and preamplif iers  a r e  being incorporated 
in  th ree  of the t e n  counters t o  permit acqu i s i t i on  of f i e l d  test data. 
lZle use of preamplifiers,  which have a vol tage gain of abaut 25, permits 
operation of t he  phototubes at  a considerably reduced high voltage.  

Acceptance tests were started on 100 new CP type por tab le  exposure r a t e  
measuring instruments. Only very minor changes appear t o  be necessary 
t o  insure proper f i e l d  operation of the  off s i t e  fabr ica ted  instruments. 

RS Pa,ul:mcs 
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CEfEMI CAL LABORATORY 

RESEARCH AND E'NGINEERIBG 

FISSIONABTaE MATF3 I A I S  - 03 PROGRAM 

SEPARATIONS PROCESSES 

Sodium Sulfoxalate  Formaldehyde as Plutonium Reductant i n  t h e  Purex Process 

Sa t i s f ac to ry  pa r t i t i on ing  of plutonium w a s  obtained i n  a miniature 
mixer-set t ler  run simulating t h e  Purex pa r t i t i on ing  column (IB) w i t h  
sodium su l foxa la te  formaldehyde (SFS)-hydrazine ins tead  of fe r rous  
sulfamate as t h e  plutonium reductant.  
neptunium(II1) by SFS i n  n i t r i c  ac id  solut ion.  
i s  present  i n  excess of t h a t  required t o  r eac t  w i t h  SFS, neptunium i s  
present  as neptunium( I V )  . 

Neptunium i s  reduced t o  
However, when uranium(V1) 

Metathesis of UF', 

Potassium hydroxide proved super ior  t o  sodium hydroxide f o r  metathesis 
of uranium(1V) f luo r ide  l e f t  i n  a d isso lver  a f t e r  Z i r f l ex  decladding 
of urani-am metal. Metathesis of uranium( I V )  f l uo r ide  t o  uranium(1V) 
hydroxide proceeded rap id ly  i n  2 5 potassium hydroxide so lu t ions  con- 
t a i n i n g  up t o  4 M potassium f luo r ide ,  
hydroxide proceexed slowly i f  at a l l  when t h e  sodium f luo r ide  concen- 
t r a t i o n  exceeded about 0.3 go 

Metathesis i n  2 sodium 

Ion Exchanae Safety Tests  

Evaluation of anion exchange r e s i n  thermal-chemical s t a b i l i t y  continued 
with engineering s c a l e  t e s t s  t o  evaluate  po ten t i a l  emergency vent ing 
systems f o r  t h e  Purex Plant  contactor.  Results t o  date  with n i t r a t e d  
r e s ins  show t h a t  very simple pressure r e l i e f  systems a re  adequate. 
Tests with thorium loaded r e s i n  a r e  planned. 

Thorium Studies  

I n  thorium den i t r a t ion  s tud ie s ,  a batch of Th(N03)4*4H20 w a s  pot 
deni t ra ted  a t  % 540 C i n  a steam atmosphere, 
a s t a b l e  sol, 

The oxide product formed 

Q'" *# 
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Spray Calcination of Thorium TJitrate 

A number of  spray' ca lc ina t ion  runs have been made during t h e  month t o  
fu r the r  evaluate t h e  p o t e n t i a l  of t h i s  technique f o r  t h e  production of 
t h o r i a  s u i t a b l e  f o r  t h e  S o l  Gel process.  
n i t r a t e  were calcined (725 C )  i n  t h e  b i n .  ca lc iner ,  producing 8-1/2 
pounds of t h o r i a ,  
a c r y s t a l l i t e  s i z e  of 169 
e lec t ron  micrographs looked qu i t e  s imi l a r  t o  t h e  micro raphs f o r  t h e  
soluble  Mallinckrodt deni t ra ted  oxide (14.7 m2/g, 38 m /g, and 360 
measurements). 
Further comparison s tudies  a re  i n  progress.  

Besides S o l  G e l  evaluat ion,  some of t h i s  material w a s  pressed (30 t s i )  
i n t o  2-in. diameter, 60 percent T.D., p e l l e t s  f o r  s o l u b i l i t y  rate s tud ie s .  
If d isso lu t ion  r a t e  i s  favorable,  a r eac to r  i r r a d i a t i o n  tes t  w i l l  be 
perf  orme d . 

Twenty pounds of thorium 

The product had a sur face  a rea  of 5.2 m2/g (by B.E.T.); 
(by X-ray l i n e  broadening) ; and t h e  preliminary 

5 
The spray calcined product did not form a s t a b l e  sol. 

U-233 Support Studies  

Hot-cell i s o l a t i o n  end p a r t i a l  pu r i f i ca t ion  of high-purity (1 ppm U-232) 
and ultra-high-purity ( < <  1 ppm U-232) uranim-233 w a s  completed during 
the  month and t h e  material removed t o  t h e  laboratory f o r  f i n a l  pur i f i -  
cat ion (by ion exchange). 
will be employed f o r  radiochemical measurements. This i so top ica l ly  pure 
U-233 was produced by decay of Pa-233 which w a s  i so l a t ed  from f r e sh  
thorium disso lver  so lu t ion  by manganese dioxide scavenging. 

The ultra-high-purity sample (s. 40 milligrams) 

I n  associEited laboratory work, evaluat ion continued of Vycor, s i l . i ca  g e l ,  
and other  similar adsorbents f o r  protactinium removal. Use of D r i -  
filmed glassware reduced sorp t ion  of Pa-233 on t h e  experimental equipment 
and r e su l t ed  i n  improved decontamination f ac to r s  which compared more 
favorably with those reported by Oak Ridge; however, t he  highest  w a s  
s t i l l  only about 10. Increasing thorium concentration caused decreasing 
decontamination i n  all cases  s tudied.  Column experiments were i n i t i a t e d  
with the  more promising adsorbents. Several ,  including unf i red  Vycor, 
exhib i ted  very poor mechanical behavior i n  t h e  column, These s tud ie s  
are continuing, but  because of t h e  above d i f f i c u l t i e s  scout ing work w a s  
a l s o  i n i t i a t e d  on head-end scavenging agents.  Preformed Mn02, Sn02 and 
PbO2 gave decontamination f a c t o r s  as high as 250. 

Technetium Processing, 

Analyses of t h e  pu r i f i ed  per technetate  were completed during t h e  month, 
80 grams of technetium present i n  var ious waste so lu t ions  w a s  reworked, 
and equipment was assembled f o r  hydrogen reduct ion of ammonium pertech- 
ne t a t e  t o  metal, 
t" "T? 
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Spectrographic ana lys i s  of t he  per technetate  shows no me ta l l i c  impuri t ies  
present above 50 ppm. Radiochemical analyses show only RU-106. The 
r a t i o  of RU-106 a c t i v i t y  t o  Tc-99 a c t i v i t y  i s  only 4.8 x 10-5, corresponding 
t o  an ove ra l l  decontamination f a c t o r  of ~ 8 ,  1O1O ( s t a r t i n g  with h e x  
supernate) .  

Pu-238 Gamma Dosage 

Calculations and measurements are under way t o  determine t h e  contr ibut ion 
of o ther  isotopes (e .g . ,  ~1.208 from t h e  ~u-236  decay chain) t o  t h e  
r ad ia t ion  dosage from PU-238 i so topic  heat sources. 
made during the  month of a sample of Pu-238 obtained from ORNL. 
Pu-238 content of t h i s  mater ia l  w a s  about 80 percent.  The spectrum con- 
t a ined  t h e  0.76 mev gamma of ~ u - 2 3 8  i n  about t h e  expected amount as w e l l  
as t h e  2.61 mev gamma of T1-208 i n  an abundance only s l i g h t l y  less than 
t h e  Pu-238 gamma. 
1.27 and 1.78 mev. A l l  t h r e e  gammas were present  i n  about the  same amount 
as t h e  0.76 mev plutonium gamma and would thus contr ibute  s ign i f i can t ly  
t o  dose r a t e  i f  present i n  a Pu-238 heat sourceo These peaks were 
absent from t h e  scan of 'a second sample of Pu-238 (containing about 90 
percent Pu-238 and i n  t h e  form of an aqueous s o l u t i o n ) ,  s t rongly  suggest- 
ing  t h a t  they were due t o  t h e  N - 1 4  (a,n)0-17 and F-19 (a,n)Na-22 
reac t ions  on a i r  and f luo r ide  impurity,  respect ively.  The ~ 1 - 2 0 8  
content of the  second sample was about five-fold higher than i n  t h e  first.  
Since t h e  age and pas t  h i s to ry  of t h e  two samples i s  unknown, no f i n a l  
conclusions can be drawn except t h a t  ~ 1 - 2 0 8  does indeed cont r ibu te  
s i g n i f i c a n t l y  t o  t h e  gamma dose rate from Pu-238. Attempts a re  being 
made t o  (1) t r a c e  t h e  h i s to ry  of t h e  samples, and ( 2 )  determine PU-236 
d i r e c t l y .  Determination of U-234 may a l s o  prove poss ib le  and he lpfu l ,  
Fa i l i ng  these  approaches, r epur i f i ca t ion  and determination of ~ 1 - 2 0 8  
growth as a function of t i m e  should prove conclusive; however, it i s  
estimated t h a t  a minimum of s i x  months would be required before  meaning- 
f u l  counting l e v e l s  would be achieved. 

A gamma scan w a s  
The 

Three unexpected gammas were a l s o  found: at 0 ~ 8 6 ,  

Destruct ive I r r a d i a t i o n  of n-dodecane 

A sample of n-dodecame given an i r r a d i a t i o n  dose of 6 x l o 8  r has been 
examined i n  regard t o  decomposition products. About s i x  new low mole- 
c u l a r  weight compounds were formed but no high boi l ing  mater ia l  w a s  
ind ica ted  by t h e  vapor phase chromatograms. 
i r r a d i a t e d  sample were washed with water, 6 2 HNO3, 1 - M KMnO4. 
chromatograms indica ted  no appreciable change i n  the samples 

Separate por t ions  of t h e  

L i t t l e  reac t ion  w a s  indicated during t h e  washes and the  gas 
Na2C03 and 0.1 

Although about 40 percent of  t h e  o r i g i n a l  molecules were a l t e r e d  by t h e  
r ad ia t ion ,  t h e  major products were apparently stable sa tura ted  hydro- 
carbons e 
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A t  the  request of Radiation Prote-tion and h r e x  Operations 
i s  being provided t o  derermine the  contaminatior! s t a t u s  and possible  
remedial act ion t o  be taken as a r e s u l t  of  t h e  discharge of g rea t e r  than 
normal amounts of mixed f i s s i o n  products t o  t h e  Gable Mountain Swamp due 
t o  a recent cooling c o i l  f a i l u r e c  
swamp showed highest  r ad i s t ion  readings a t  the east ( i n l e t )  end and at 
t h e  west ( recent ly  inundated) end, Quite  evident f r g m  t h e  survey i s  t h e  
concentration of radionuclides by algae growimg on near-surface and 
shorel ine vegetation. Although a reduction i n  water a c t i v i t y  w i l l  occur 
due t o  radioact ive decay arrd s o i l  i n f i i t r a t i o n ,  it appears des i rab le  t o  
hasten t h e  na tu ra l  cleanup processes by des t ruc t ion  of t h e  algae.  Also, 
cont ro l  of shore l ine  contamination, possibly by r a i s i n g  t h e  level  of t he  
swamp E appears desirable 

ass i s tance  

S c i n t i i l a t i o n  probe t r ave r ses  of t h e  

TASTE MPSjAGEMENT A.ND FISSIOI! PRODUCT EXTRACT1011 

Kinet ics  of  Ion Exchange on Zeol i tes  

T h e  self-diffusion coef f ic ien ts  of  strontium, cesium and sodium with 
e r i o n i t e ,  p h i l l i p s i t e ,  c i i n o p t i l o l i t e ,  Type X and Type A z e o l i t e s ,  and 
of cerium with Type X z e o l i t e ,  were determined on two gra in  s izes  at 
50 C.  To%al so lu t ion  normality w a s  0.2, Self-diffusion coe f f i c i en t s  
ranged from 2,40 x 10-9 cm2/sec f o r  cerium i so top ic  d i f fus ion  i n  Type X 
t o  1,L3 x 
s e l f - d i f f u s i m  coef f ic ien ts  w i l l  be used t o  compute an exchan e diffusion 

n,m2/sec f o r  cesium iso topic  d i f fus ion  i n  e r i o n i t e .  The 

coef f ic ien t  based on .a k i n e t i c  model proposed by Hel f fe r ich  ( 5  
The ca lcu la ted  exchange d i f fus ion  coe f f i c i en t s  will be compared with 
experimentally determined exchange d i f fus ion  t o e f f i c i e n t s ,  

Strontium Semiworks Solvent Wash Studies  

Although less e f f e c t i v e  than f r e sh  o r  labor&tory-grade so lvent ,  t h e  
current  inventory of washed (sodium bydroxide-tartrate and n i t r i c  acid- 
oxa la te )  solvent appears s a t i s f a c t o r y  f o r  separa t ing  cerium from o ther  
rare ea r th  elements, Precontact of the SSkr solvent  with K2S208-AgN03- 
EN03 so lu t ions  d i d  not improve cerium d i s t r i b u t i o n ,  
d i s t r i b u t i o n  w a s  increased by using higher than normal concentrs t ions 
of potassium pe r su l f a t e  and s i l v e r  n i t r a t e  during t h e  ex t r ac t ion  s t e p ,  
Current s tud ie s  a re  aimed a t  det.ermining the e f f e c t  of degraded d i luen t  
on oerium ex t r ac t ion  by SS1.J solvent,, 

However, cerium 

(1) F, Helffer ich and M,S, P l e s se t ,  ‘‘Ion Exchange Kinet ics .  A non- 
l i n e a r  d i f fus ion  probieE,” Jour ,  Chem, Physics s 28, 418-424, (1958) 
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Strontium Pur i f i ca t ion  by Solvent Extract ion 

The presence of  solvent degradation products i n  t h e  CSREX solvent used 
appears responsible  f o r  t h e  low calcium decontamination f ac to r s  and 
high s t ront ium loss experienced i n  p i l o t  s c a l e  s tud ie s  on strontium 
pur i f i ca t ion  reported l a s t  month, 
s1owl.j from solvent cclntaining degradation products than from f r e sh ly  
prepared solvent ,  

30th strontium and calcium stri9 Pore 

Cesium Recovery from Alkaline Wastes 

Engineering sca l e  s tud ie s  continued on t h e  use of  inorganic z e o l i t e s  
f o r  recovery of cesium from a lka l ine  wastes, 
operat ing parameters and scale-up f a c t o r s ,  it i s  coacludeci t h a t  t h e  
?resent p lan t  design parameters of two column volumes per  hour,  2 g a l /  
min/ft2,  and 40 column volumes loading are conservative.  It may be 
f e a s i b l e  t o  process 60 column volumes before  e lu t ion ,  thereby r e d u c i w  
the  Volume of t h e  column by one t h i r d .  

3ased on t h e  stu&J of t h e  

In-Tenk S o l i d i f i c a t i o n  

A decis ion w a  reached i n  conjunction v i t h  CPZ personnel t o  Groceed w i t h  
a ;?lant t e s t  of t h e  immersion hea te r  concept as 8 seccnd generation 
in-tank s o l i d i f i c a t i o n  un i t .  The p lan t  t e a t  w i l l  be conducted i n  t he  
same waste s torage  tank (101-BY) i n  which t h e  prototype hot  a i r  
evaporator i s  loca ted ,  and w i l l  u t i l i z e  ava i lab le  spare  e q u i p e n t  e.cd 
se rv ices  from t h e  prototype. 
ind iv idua l  hea t e r  elements have been defined, f ac to r ing  i n  t h e  power 
requirements of  t h e  second generation u n i t  and t h e  surplus  power sva i l -  
ab le  f r o n  t h e  prototype system now being i n s t a l l e d ,  Three i m e r s i o n  
hea te r  u n i t s  of  120 kw each a re  planned. 

' 

Overall  geometry and power r a t i n g  of t h e  

I r r a d i a t i o n  of H2=Q2-H20-Zeolite System 

It w a s  previously shown t h a t  t h e  i r r a d i a t i o n  of a mixture of hydrogen 
and oxygen over d r i ed  z e o l i t e  r e su l t ed  i n  t h e  steady decrease of t h e  
hydrogen and oxygen concentrat ions.  ';"ne experiment has now been 
repeated using "wet"  z e o l i t e  ( t o t a l  €$O ?, 25 w/o). The hydrogen and 
oxygen content s t e a d i l y  decreased on i r r a d i a t i o n .  After a dose of 1 .6  
x l o 7  r t h e  hydrogen hat! decreased f ron  48 percent  t o  < 1 percent ,  

Experiments have begun on t h e  reverse  r eac t ion ,  t h e  i r r a d i a t i o n  of water 
on z e o l i t e .  30 s i g n i f i c a n t  pressure change has been detected up t o  a 
t o t a l  dose of 2 x 107 r. 
above t h e  z e o l i t e .  

110 analyses have y e t  been obtainez on t h e  gas 
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Further experiment? w i l l  involve d i f f e r e n t  i n i t i a l  campositions, t h e  
e f f e c t  of impuri t ies  and longer i r r a d i a t i o n  times, 
experiments suggest that. a r e l a t i v e l y  low equilibrium pressure may 
indeed ex i s t  over z e o l i t e  beds, 

These preliminary 

Xaste PackaainR Studies  

Various methods of measuring t h e  pressure from gas r ad io lys i s  i n  packaged 
wastes have been considered, recognizing t h e  need f o r  container  i n t e g r i t y  
and the  f a c t  t h a t  measurement w i l l  be required over long periods of time 
i n  high rad ia t ion  f i e l d s ,  In  t h e  present  study, t h e  primary sensor i s  
a Bourdon tube at tached t o  t h e  container v i a  a welded c a p i l l a r y  tube;  
readout i s  accomplished by a l i n e a r  var iab le  d i f f e r e n t i a l  transformer. . 

Measurements with t h i s  system indica ted  l i n e a r i t y  and hys t e re s i s  are 
within 1 percent over t h e  200 p s i  span. 
hys t e re s i s  of t h e  Bourdon tube  i s  less than 0,l percent ,  

Further s tud ie s  showed t h e  bas ic  

Alkal i  Metal Extract ion by CSREX Solvent System 

Recent s tud ie s  of t h e  ex t r ac t ion  of  a lkal i  metals by t h e  CSREX solvent  
sys ten  (BAMaP-D2EHPA) have yielded r e s u l t s  cons is ten t  with t h e  following 
hypothesis:  

1. 

2, 

I n  t h e  absence of a phenol, a l k a l i  metal-alkylphosphate salts axe 
formedowhich are inso luble  i n  e i t h e r  o r g m i c  o r  aqueous phase, and 
which contain water solvated ca t ions  e When concentrated a l k a l i  
n i t r a t e  i s  present  i n  t h e  aqueous phase, a l k a l i  n i t r a t e s  extract as 
t h e  organic ac id  i s  neut ra l ized  and t h e  r e s u l t i n g  organic sal t  is 
so luble  when t h i s  "extra" alkali n i t r a t e  i s  present ,  The reason 
f o r  t h i s  so lub i l i za t ion  by t h e  presence of t h e  a l k a l i  n i t r a t e  i s  
unknown. It i s  s i g n i f i c a n t  t h a t  t h e  order  of e x t r a c t a b i l i t y  i s  t h e  
same as of the  order  of s t a b i l i t y  of t h e  hydrates ,  i c e s ,  N a +  > K+ > 
R5+ > Cs+, 

When an organic  soluble ,  subs t i t u t ed  phenol i s  present i n  t h e  organic 
phase along with t h e  alkylphosphoric ac id  t h e  salt formed upon 
neut ra l iza t ron  of t h e  ac id  with CsOH contains a phenol solvated 
cat ion.  
the.pheno1 because t h i s  so lva t ing  agent is  organic so luble  and i s  i n  
d i r e c t  competition with t h e  so lva t ing  e f f e c t  of water which tends t o  
hold t h e  iocs  i n  t h e  aqueous phase, Thus, t h e  ion which i s  least 
solvated i n  t h e  aqueous phase (Cs+) i s  most e f f i c i e n t l y  ex t rac ted  
i n t o  t h e  organic phase where it i s  simply solvated by the  phenol 
which a?parently can cause any of t h e  salts t o  be organic soluble .  

The order  of e x t r a c t a b i l i t y  is  reversed by t h e  presence of 
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Results of both infra-red measurements and nuclear magnetic resonance 
measurements of t h e  ex t rac ted  organic species  are consis tent  with a 
mechanism i n  which the phenol-solvated molecule IVI+D~EHP-~~ phenol i s  t h e  
organic-soluble species ,  t h e  phenols a r e  hydrogen bonded t o  each o the r ,  
and the s t reqgth  of the bond between phenols increases  as t h e  s i z e  of 
t h e  cat ion M .increases. 

EQUIPMENT AND MATERIALS 

Corrosion of Boron-Containing 304-L Sta in l e s s  S t e e l  

Corrosion f o r  as-rol led 304-L s t a i n l e s s  s t e e l  containing one weight 
percent boron i n  boi l ing  n i t r i c  ac id  increased from 0.14 t o  3.2 mils/mo 
as n i t r i c  acid concentration increased from 20 t o  65 weight percent,  
These rates a r e  about double those expected f o r  304-L without boron, 
304-L-B a l loy ,  when sens i t i zed ,  corroded more than 25 times as f a s t  as 
304-L i n  boi l ing  65 w/o HN03, 
t h e  304-L-B alloy corroded a t  45 mils/mo o r  about t h ree  times as fast as 

The 

I n  boi l ing  Z i r f l ex  decladding so lu t ion  

304-L 
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REACTOR DEVELOPMEBT - Ob PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

The "most pr'onising" procedure devised t o  date  f o r  dissolving PRTR U02- 
Pu02 fue l s  i n  the  Redox annular d i sso lver  may not be usable because of 
po ten t i a l ly  severe corrosion of  heat exchanger tubes.  
t h i s  month disclosed no s a t i s f a c t o r y  a l t e rna t ive  procedures. 
any, d i sso lu t ion  of plutonium dioxide occurred i n  bo i l ing  n i t r i c  acid- 
ammonium f luor ide  so lu t ions  containing adequate aluminum n i t r a t e  t o  
adequately protect  s t a i n l e s s  s t e e l  from corrosion. Prolonged exposure 
of non-irradiated plutonium dioxide t o  Z i r f l ex  decladding so lu t ion  w i l l  
convert it t o  a form subsequently soluble  i n  n i t r i c  acid-aluminum n i t r a t e  
solut ions.  This approach w a s  not e f f e c t i v e  f o r  d i sso lu t ion  of i r r a d i a t e d  
f u e l s ,  presumably because o f  s i n t e r i n g  and agglomeration of t h e  oxides 
during i r r a d i a t i o n ,  

Laboratory s tud ie s  
L i t t l e ,  i f  

Process Engineering Development 

I n  exploratory hot c e l l  s tud ies  of S a l t  Cycle processing of 30-pOmd 
lots of i r r a d i a t e d  U02 f u e l ,  a highly successfu l  by-product e lectro-  
deposit ion w a s  accomplished i n  which U02 w a s  separated from plutonium 
by a f a c t o r  of 1000. 
mixed U02-Pu02 product recovered i n  the  co-deposition s t e p  i n  an earlier 
run w a s  successful ly  reduced t o  an acceptable l e v e l  ( O / U  r a t i o  of 2.005) 
by hydrogen reduction. 

The high oxygen content ( O / U  r a t i o  of  2.101.0f a 

Radiochemical ana lys i s  of product produced i n  February under codeposit ion 
conditions showed decontamination f ac to r s  on plutonium bas i s  f o r  Y-91, 
Ce-144, Pm-147 and Eu-154 of 203 ,  7.3, 2,8 and 2.5, respec t ive ly .  
Decontamination f ac to r s  on a uranium bssis f o r  Am-241 and Cm-242 were 
6.6 and 12 .0 ,  respec t ive ly ,  

Fuel Burn-Up Measurements 

Work continued on t h e  d i r e c t  method f o r  determining Cs-137 i n  mixed 
f i s s i o n  products. The method, which i s  based on B-y anticoincidence 
counting, depends on i t s  discr iminat ion e f f ic iency  on very e f f ic ien t  
b e t a  counting, Several  b e t a  s c i n t i l l a t i o n  methods have been t e s t e d ,  
including t h e  use of l i q u i d ,  s o l i d  and g e l  phosphors. The g e l  scin- 
t i l l a t o r ,  NE 211 (Nuclear En te rp r i se s ) ,  i s  very promising, 
of g e l  t o  l i q u i d  sample of 100, 500 and 1000 t o  1, b e t a  counting 
e f f i c i e n c i e s  f o r  ~ r - n - 9 5  were 9 4 , l  percent ,  95.1 percent and 95.8 
percent ,  respec t ive ly .  The beta e f f i c i ency  f o r  Ru-Rh-106 was 99.9 

A t  r a t i o s  
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percent.  J i t h  t h i s  technique, using gamma spectrometry but  r e j ec t ing  
a l l  gammas coincident with a be t a ,  Cs-137 can be determined t o  b e t t e r  
than f 1 percent i n  a 1 . 5  year  o ld  f i s s i o n  product mixture. 

RADIOACTIVE RESIDUE PROCESSING DEVELOPMEIJT 

Cold Semiworks Spray Calciner 

Previous s tud ies  using feeds compatible with s t a i n l e s s  s t e e l  melters 
have exhibi ted some w a l l  caking problems, Use of insoluble  calcium 
borate  (colemanite) r a t h e r  than sodium t e t r abora t e  i n  t h e  feed t o  make 
glass apparently a l l e v i a t e s  t h i s  problem, 
obtained with no o p e r a t i o n d  t roub les ,  i , e . ,  no w a l l  depos i t s ,  no 
f i l t e r  plugging, no nozzle plugging, e t c .  
a t  z. 1000 C. 

A dense, yellow powder w a s  

The powder melts t o  a g lass  

Spray C a l  c i ne r-I le1 t e r 

The coupled spray ca l c ine r  mel ter  w a s  operated with Purex waste con- 
t s i n i n g  cold f i s s i o n  products and phosphoric ac id  f o r  g l a s s  formetion. 
F i l t e r  bl inding w a s  encountered. Equivalent r a t i o  of phosphate t o  
metal ions w a s  approximately two i n  t h e  Purex feed compared t o  o ther  
runs i n  which t h e  r a t i o  w a s  one o r  less .  Removal of  phosphate from 
the  cold f i s s i o n  product bear ing feed gave s a t i s f a c t o r y  operat ion,  

Melter Corrosion 

The upper temperature l i m i t  f o r  310 s t a i n l e s s  s t e e l  i n  waste mel ter  
environments appears t o  be about 1000 C .  Catastrophic corrosion 
cenera l ly  occurs at temperatures of 1100 C o r  g rea t e r ,  For t h i s  reason, 
310 i s  not a promising mater ia l  of construct ion f o r  a general  purpose 
waste melter.  In  i n i t i a l  c e s t s  a new chromium-nickel a l loy  obtained 
from t h e  Paper and Pulp Research I n s t i t u t e  of Canada shows promise as 
a mater ia l  f o r  waste melters.  When exposed i n  a Redox waste [with 
added colemanite (Ca2BG011'5H20)] m e l t  a t . l l O O  C ,  it corroded a t  about 
10 mils/mo based on weight loss. 

Hot Cel l  Operations 

A pot containing spray-calcined Purex waste (with phosphate add i t ive )  
w a s  t r ans fe r r ed  t o  Rsdiometallurgy f o r  sec t ion ing ,  t h ree  o ther  pots 
were se t  aside f o r  long-term surve i l lance ,  and s teps  were taken t o  
dispose of all. o thers .  I n  t h e  meantime, clean-up work has begun on the  
A - C e l l  spray ca l c ine r  and associated equipment - t o  s implify t h e  eventual  
c e l l  decontamination and t o  make room f o r  t h e  hot  c e l l  glass experiment. 
The spray colurnn i s  being flusned down and the  e l e c t r i c  leads  have been 
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disconnected and removed. The f i l t e rs  and t o p  cover a re  t o  be removed 
f o r  b e t t e r  f lushing and f o r  mechanical scrubbing of t h e  column i n t e r i o r .  
Other equipment not needed f o r  t h e  glass experiment i s  being removed, 
and the  off-gas system i s  being refurbished. 

Equipment f o r  g lass  making i s  being received from t h e  shop, and assembly 
i n  the  mock-up area should soon begin. 

Glass Composition Studies  

Inves t iga t ion  continued on t h e  e f f e c t s  of composition on t h e  proper t ies  
of phosphate g lasses .  Included i n  t h e  month's a c t i v i t i e s  were fu r the r  
study of phosphate l o s s ,  measurement of s o l u b i l i t y  of g lasses  proposed 
f o r  t he  Hot Cell Glass Experiment, e f f e c t  of rare metals (Ru, Rh, Pd) 
on d r ip  temperature, and reproducib i l i ty  of measurement. Details are 
given i n  the  April-June Waste Fixat ion Quar te r ly  Report. 

I n t  ermedi a t  e-Level Waste Treatment 

A 50 ml/min, th ree-ce l l  e lec t rode ioniza t ion  un i t  w a s  t e s t e d  on ac id i c  
and a lka l ine  Purex process condensate. 
i n  excess of 100 were obtained f o r  t h e  ac id  condensate and ranged from 
50 f o r  D ica l i t e - f i l t e r ed  a lka l ine  condensate t o  > 100 with f i l t e r e d  and 
steam s t r ipped  a lka l ine  condensate. 
chamber w a s  a 1:2 volume mixture of Dowex 50W - Dowex 1, 20 x 50 mesh. 
The ava i l ab le  membrane t r anspor t  area w a s  247 cm2 operated at a current  
densi ty  0.0033 amp/cm2 ( 3  amp/ft2) and a l i n e a r  ve loc i ty  through t h e  
r e s in  channel of 2.5 cm/sec (0.08 f t / s e c ) .  A t o t a l  of 2600 bed volumes 
of feed w a s  t reated p r i o r  t o  dismantling the  u n i t  f o r  inspection. 
Greater than 90 percent of t h e  ruthenium on t h e  r e s i n  was e lu t ed  with 
6 N HNO The r e s i n  w a s  d iscolored about 40 per- 
ceTt of t he  way through t h e  r e s i n  channel. 
t h i s  corresponds t o  t h e  degree of loading o r  whether a l l  t r anspor t  and 
deposi t ion of ruthenium was occurring i n  t h i s  volume. 

Ruthenium decontamination f ac to r s  

The r e s i n  used i n  t h e  deionizing 

p r i o r  t o  inspect ion.  3 It i s  not ye t  known whether 

Columbia River Studies  

One of t he  objec t ives  of t h e  Columbia River radionucl ide t r anspor t  
s tud ie s  i s  t h e  measurement of t h e  t r a v e l  t i m e  of radionucl ides  i n  t h e  
Columbia River between t h e  reac tors  and t h e  mouth of t h e  r i v e r  f o r  
various r i v e r  flow volumes. The t r a v e l  times between t h e  r eac to r s  and 
Pasco have been measured previously by severa l  methods ; however, t h e  
t r a v e l  t i m e  between Pasco, Washington, and points  down stream t o  Port land,  
Oregon, has only been determined f o r  one r i v e r  flow volume. During t h e  
period of peak flow of t h e  Snake River i n  t h e  f irst  week of June, t r a v e l  
times between Pasco and  Umatilla, t h e  Dalles and Vancouver were determined 
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by measuring the  Na-24 concentrations a t  these loca t ions  and cor rec t ing  
f o r  d i l u t i o n  by the  t r i b u t a r i e s .  
t i m e  between Pasco and Vancouver t o  be about t h ree  days. The concen- 
t r a t i o n s  of severa l  o ther  radionuclides i n  these  samples are a l so  being 
determined t o  permit a ca lcu la t ion  of t h e i r  deplet ion,  i f  any, during 
t h i s  high flow period. Na-24 appears t o  be an exce l len t  t r a c e r  f o r  t h e  
measurement of t r a v e l  t i m e .  By using the  multidimensional analyzer 
method, Na-24 can be prec ise ly  measured a t  a concentration 100 times 
l e s s  than t h a t  observed t h i s  month at Vancouver. 

These measurements showed t h e  t r a v e l  

CONTAINMENT SYSTEMS EXPERIMENT 

Major F a c i l i t i e s  and Equipment 

Modifications t o  T-Plant progressed on schedule. 
canyon w i l l  be ready f o r  containment ves se l  e rec t ion  except f o r  a minor 
amount of concrete demolit ion,  decontamination and f i n i s h  work. 

By t h e  end of June, t h e  

The scope drawing f o r  t h e  a i r  sampling and vacuum system w a s  approved. 
Instrumentation scope w a s  p a r t i a l l y  completed with t h e  ass i s tance  of 
Instrument Research and Development personnel. Two al ternate  systems 
are being considered f o r  acquis i t ion  and recording of t h e  l a rge  amounts 
of da t a  including t r a n s i e n t  pressures ,  s t r a i n s  and temperatures,  as w e l l  
as sample counting, One system uses conventional high-speed recorders  
f o r  t h e  t r a n s i e n t  da ta  and a conventional 400 channel analyzer f o r  
sample counting. The a l t e r n a t e  system converts t he  t ransducer  outputs 
t o  d i g i t a l  form f o r  accumulation and recording. This system, although 
more expensive by about $20,000, has t h e  advantages of speed, f l e x i b i l i t y  
and da ta  output without t h e  laborious manual reduction of recorder 
t r a c e s  t o  tabula ted  o r  graphical  form. 

Fiss ion Product Simulation and Aerosol Generation and Sanplinq 

Preparations continued f o r  tes ts  t o  compare and s e l e c t  s inu lan t s  f o r  
f i s s i o n  product aerosols  f o r  use i n  t h e  Containment Sys t em Experiment. 
Twelve small U 0 2  f u e l  rod specimens were fabr ica ted  by Ceramics Research 
and Development and i r r a d i a t i o n  procedures were i n i t i a t e d .  Equipment 
f o r  heat ing U02 i n  a i r  and steam a t  temperztures up t o  2000 C i s  being 
f ab r i ca t ed  and assembled i n  t h e  27l-CR building.  blodificztion of a 
400-gallon carbon s t e e l  tank f o r  use as an aerosol  rece iver  a t  operat ing 
conditions of 50 ps ig  and 300 F has ne t  some delays.  
should begin about t he  f i r s t  of August. 

However, t e s t i n g  

S i l v e r  p la ted  copper mesh and copper ribbon beds were t e s t e d  a t  room 
temperature f o r  iodine removal from a i r .  Shown below a re  the  iodine 
removal e f f i c i e n c i e s  a t  two a i r  v e l o c i t i e s :  

... 
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$ 1-131 Removed 
Material S ize  25 fpm 80 fpn! 

Screen, 4 l aye r s  1 4  mesh 80 64 
Screen, 4 l aye r s  50 mesh 99.5 90 
Ribbon, 1-1/2" deep 0.2 g / c c  99.2 97 

The v e l o c i t i e s  approximate those expected i n  t h e  samplers under t h e  
conditions of air only and a i r  plus steam i n  t h e  containment s h e l l ,  These 
tes t s  were made using laboratory generated iodine.  
t h e  beds t e s t e d  i s  marginal at  t h e  higher v e l o c i t i e s  and addi t iona l  
layers  of screen o r  more dense beds w i l l  be needed i n  t h e  samplers. 
The she l f  l i f e  and high temperature behavior a re  under study. 

The performance of 
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BIOLOGY AND f4EDICINE - 06 PROGRAM 

TERRESTRIAL ECOLOGY - ZARTII SCIENCES 

Hydrology and Geology 

Three s o i l  parameters ( s a t u r a t i o n ,  c a p i l l a r y  pressure and r e l a t i v e  
permeabi l i ty)  are being measured i n  t h e  laboratory on t h e  same co1urr.n 
of s o i l  using Am-241 as a source of garma rad ia t ion .  Except f o r  some 
minor i n s t a b i l i t i e s  i n  t h e  e l ec t ron ic  equinment, t h e  method i s  giving 
good r e s u l t s .  

A Fortran program which ca lcu la tes  t he  dispers ion of a contaminated water 
f ron t  i n  a flow system w a s  revised and rewr i t ten  t o  include t h e  decay 
ca lcu la t ion  of a nonsorbed radioisotope in  t h e  system., This enables 
determination of t h e  time-rate of en t ry  of t h e  radionucl ide i n t o  a 
surface stream. 

Vork continues on the  i n s t a l l a t i o n  of piezometer tubes i n  se lec ted  
ground-water monitoring wells.  About 30 wells w i l l  have been so modi- 
f i e d  under t h e  present  cont rac ts  (JAJ-197-A and 197-A-Rev.) when t h e  
work i s  completed a t  the  end of t h i s  month. 

I n t e r e s t  i n  t h e  reopening o f  t he  Standard O i l  Company of Cal i forn ia  
Rattlesnake IJo. 1 tes t  w e l l  e x i s t s  i n  severa l  organizat ions.  The U . S ,  
Geological Survey des i r e s  t o  reopen the  w e l l  f o r  heat flow and geo- 
thermal gradient  s t u d i e s ,  The N60C Committee f o r  t h e  Fdohole and t h e  
National Science Foundation d e s i r e  t o  reopen it f o r  Nohole techniques 
and tests of Idohole instruments. The Brown and Root Construction Co., 
prime contractor  f o r  t h e  !lohole, has ind ica ted  i n t e r e s t  i n  t h e  w e l l  f o r  
t e s t  purposes. Reports i nd ica t e  t h a t  a decis ion may be reached i n  the  
next few months on the  ex ten t  t o  which t h e  w e l l  may be used. Ef for t s  
a r e  now underway i n  t h e  event t h e  w e l l  i s  reopened t o  assure  our  procure- 
ment of a l l  possible  information on t h e  basalt series app1ic:ible t o  
present  and fu tu re  Hanford operat ions.  

RADIOLOGICAL AIID HEXLTH CIIEE?IISTI?Y 

Analyt ical  Procedures 

Development continued on a procedure f o r  plutonium i n  s o i l  samples 
including an e lec t rodepos i t ion  o f  t he  separated Pu f o r  a lpha energy 
ana lys i s .  York a l s o  continued on evaluat ion of procedures f o r  c e r i u r  
and Po-210 i n  s o i l ,  u r ine  and water, Four procedures f o r  cerium under 
study &re: (1) a c e r i c  ioda te  p rec ip i t a t ion  method f o r  s o i l  samples, 
( 2 )  a hexone ex t rac t ion  method f o r  l i q u i d  samgles, (3) a bis-2-ethyl- 
hexylorthophos2horic acid (BDEHP)  ex t r ac t ion  method, and (4) a 
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tetra-n-propylsmmonium n i t r a t e  (TPAN) ex t rac t ion  method. 
iodate  method i s  sa t i s f ac to ry  although qu i t e  time-consuming. 
ex t rac t ion  method gave low and e r r a t i c  y i e l d s  from l a r g e  water and 
bioassay samples.. The HDMP ext rac t ion  method gave very promising 
results with s o i l ,  ur ine and water samples. 
although conveniently simple and rapid,  give poor y ie lds .  
methods gave exce l len t  decontamination from RU-106, Zr-Nb-95, Sc-46 and 
Th-234. The r e s u l t s  of t h e  tests made t o  date  a re  summarized i n  t h e  
following t a b l e  : 

The ce r i c  
The hexone 

The TPAN ext rac t ion  method, 
All four  

Per Cent Recovery of Selected Cerium Procedures 

Matrix 
Tap Water S o i l  Urine 

Procedure Spike (1000 m l )  (2g) (200 ml) 

1. Iodate  - - 77 - 
2. Hexone 77 30-7 0 - - 
3. TPAN 91 68 65  80 
4. HDEXP ’ 99 92 73 88 

The two procedures f o r  Po-210 i n  ur ine  a re  (1) d i r e c t  deposi t ion on a 
n icke l  d i s c ,  and ( 2 )  preliminary separat ion of Po on n i cke l  powder 
followed by red isso lu t ion  and deposi t ion on a n i cke l  d i sc .  The first 
method gave a 62 percent recovery of Po-210 from a c i d i f i e d  u r ine  while 
t he  second gave an 87 percent recovery. 
quan t i t a t ive  f o r  Po-210 from 1000 ml t a p  water samples. The y i e l d  of 
d i r e c t  deposi t ion method w a s  increased t o  84 percent by preliminary t rea t -  
ment of t h e  ur ine  with H C 1  + H202, and w a s  increased t o  90 percent by 
preliminary evaporation of t he  u r ine  t o  dryness severa l  t i m e s  with HNO3. 

Attempts t o  apply the  d i r e c t  deposi t ion method t o  s o i l s  by using prelim- 
inary acid leach treatments were r e l a t i v e l y  unsa t i s fac tory .  

The d i r e c t  deposi t ion method i s  

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol Sampling Study 

P a r t i c l e  deposi t ion was observed on t h e  brass  nozzle (7.6 cm long with 
a 1.11 cm opening) used f o r  i sok ine t i c  sampling at  30 mph windspeed. 
The f rac t ioned  deposi t ion w a s  found t o  increase r ap id ly  with increas ing  
p a r t i c l e  s i z e  up t o  1 0  p .  Losses t o  t h e  sampling tube sur faces  may be 
approximately 40 percent of t h e  t o t a l  sample. 

Experimental photographs of t h e  t r a j e c t o r i e s  of p a r t i c l e s  approaching a 
f i l t e r  were obtained using non-isokinet ical ly  introduced poly-disperse 
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zinc s u l f i d e  a t  windspeeds of 30 mph. A r a d i a l  ve loc i ty  component w a s  
discern ib le  i n  t h e  region 0.4 - 0.7 f i l t e r  holder diameters ( 0 . 8  - 1 .5  
inches)  upstream of t h e  f i l t e r ,  Also, p a r t i c l e s  appeared t o  be l o s t  t o  
t h e  a i r  stream by re-entrainment from t h e  outer  l / 8  inch of t he  f i l t e r  
where a high concentration of  p a r t i c l e s  deposited. These results are 
ind ica t ive  of a s ign i f i can t  inf luence of t h e  r e t a in ing  r ing  on f i l t e r  
sampling e r r o r ,  Sampling e r r o r s  f o r  30 niph ve loc i ty  conform t o  t h e  same 
q u a l i t a t i v e  surface generated from all t h e  da ta  a t  lower wind ve loc i t i e s .  

Aerosol Generstion and Character izat ion 

Lead n i t r a t e  and i ron  oxide were found t o  produce s a t i s f a c t o r y  p a r t i c l e s  
with t h e  spinning d i sc  generator.  The lead n i t r a t e  ? a r t i c l e s  formed by 
evaporation of a methanol so lu t ion  (4,73 g/ml) with a spinning d i s c  
were near ly  spher ics1  and exhibi ted only a s l i g h t  c r y s t a l l i n e  s t r u c t u r e ,  
The i ron  oxide p a r t i c l e s  formed from an organosol (5.17 g/ml) were spher- 
i c a l  had had a smooth surface.  The organosol w a s  prepared by d i l u t i n g  
t h e  Diamond Alkali  Aquasol with e thanol ,  I ron oxide p a r t i c l e s  as lcrree 
as 20 p were produced from a 50 percent d i l u t i o n  without plate-out on 
the  spinning disc .  

Fal lout  Radiochemical Studies  

Analysis of f a l l o u t  f i l t e r  samples f o r  Sb-125 by both a radiochemical 
and a new multidimensional gamma ray method (discussed i n  ;Jay r epor t )  
confirmed t h e  presence of  Sb-125, as wel l  as Sb-124, i n  s u f f i c i e n t  
amounts f o r  rout ine determinaticn by the  gmma ray method. 

Comparisons of t h e  concentrations of Y-88 (105 e ) ,  Sb-124 ( 6 0  d )  and 
Zr-?Tb-95 ( 6 5  d )  i n  recent a i r  samples with those observed a year  ago i n  
s i n i l a r  f a l l o u t  samples show signif ic t int  d i f fe rences .  Vhile t h e  l eve l s  
of Y-88 and Sb-124 a re  s i n i l a r  t o  those &t t h e  pesk las t  Spring,  t he  
Zr-lib-95 l e v e l s  a r e  about a f a c t o r  of 20 lower ( a s  vould be expected f o r  
b l l  t h ree  nuclides from decay),  Since t h e r e  were no above-ground 
a tonic  detonations i n  1963 and 1964, t hese  nuclides a re  coning pr imari ly  
f roo  the  s t r t i tospheric  r e se rvo i r  of weapons debr i s  The f a l l o u t  d i f f e r -  
ences observed ind ica t e  a f r ac t iona t ion  phenor-enon o r  a 5ifferer . t  
source ( i n  space) of Y-88 and Sb-124 thac o f  xost  o f  the  Zr-:b-35. 

Tronethi-uri ?ur i f i  c s t  ion 

Effect  of a c i d i t y  and xonovalent ion concentrat ion ( X i 4  
capaci ty  of 3owex-50 r e s i n  f o r  r a r e  ea r ths  was neasured during t h e  month. 
It w a s  concluded t h a t  the  r a r e  ea r th  feed must be less than 0 . 5  i I  i n  
conovalent ions o r  a ser ious  decrease i n  capaci ty  w i l l  r e s u l t .  

+ o r  :Ia+) on the  

- 
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Four fu r the r  Sm-Nd-Pr separat ions runs were s t a r t e d ,  two with HEDTA and 
two with DTPA, each a t  optimum concentration and pH. Object i s  t o  
determine t h e  e f fec t  of e lu t ion  d is tance  on separat ion e f f ic iency .  
Elution dis tances  used were 1.8 and 1 .3  band lengths ,  compared t o  2.3 
f o r  previous runs. 
w i l l  complete the  HEDTA-DTPA study. 

UnLess t h e  experiments show unexpected r e su l t s ,  t h i s  

Pneumatic Impaction 

Three one-inch diameter cans of SrS were impacted during t h e  month. 
Densit ies w e r e  96-100 percent of  t h e o r e t i c a l .  
were made using the  2-1/2 inch diameter top-loading cans. 
were 850, 950 and 1050 C ,  r espec t ive ly ,  and f i r e  pressure w&s 350,000 p s i  
i n  811 cases. The low temperature can fa i led  because t h e  temperature w a s  
below the  forging temperature. 
Density i n  both cases w a s  t h e o r e t i c a l  (4.24 g /cc) ,  and t h e  container 
w a l l s  were s t r a i g h t  and uniform (2 0.010 inch) .  

Three compactions of  SrF2 
Temperatures 

The o ther  two yielded very good r e s u l t s .  

In  supporting laboratory work, SrH2 and Sr2Si were prepared f o r  pneumatic 
impaction. 
pressure of t h e  hydride i s  measured (as a funct ion of temperature) i n  
order t o  set  an upper l i m i t  on heat-soak temperature. 

Actual impaction w i l l  be delayed until t h e  d issoc ia t ion  

Corrosion of 304-L S ta in l e s s  S t e e l  by N i t r i c  Acid-Pertechnetate Solut ions 

Liquid phase corrosion rates f o r  304-L s t a i n l e s s  s t e e l  i n  bo i l i ng  n i t r i c  
ac id  so lu t ions  containing per technetate  ion i n  concentrations up t o  0.5 - M were about 0.25 mils/mo. Corrosion rates i n  t h e  vapor phase increased 
with increasing l i q u i d  phase per technetate  ion concentrat ion t o  a m a x i m u m  
of 0.35 mils/mo. No p r e f e r e n t i a l  a t t ack  occurred. 

Chemical Laboratory 

I.TH Reas:cf 
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Dr. R. To O’Brien, S r o  S c i e n t i s t  i n  tho Qdioecology ?peration, t r ans fe r r sd  
t o  General Electr ic‘s  Defense Yectrcnics %vision i n  Ithaca, ’Jew York 
during June e 

Dr. J. J .  3eardon, %s te rn  Colle e of Sdiication, La 3rande, (hegon, 
joined t h e  Yetabolism Operation a s  a summr professor  on June 10, 

H. H. Jones joined the  Radicecology a e r a t i o n  as a summer employee 
on June 15, and 2. E. Kane was assigned t o  t3e Experimental Animal 
Farm as a s m e r  employee on June 8 ,  

. Capt, Ft, 0, Shannon, USAF (?C), repbrted for a t c u r  of duty a t  the  
Experimental Animal Farm on June 19, 1%L, replacing Capt. David  Yo .‘Jood, 
who w a s  t ransfer red  t o  College S-a t ion ,  Texas an l i a 7 ~  13, l9&, 

Bo TECFTn,JTCAL A CTIVI TISS 

Reactor Ef f luent  IbIonitoring 

Young chinook salmon monitored i n  regular  r eac to r  e f f luen t  a t  KE, a f tp r  
60 days, show a higher mor t a l i t y  than expected. 
have predicted a 3-5$ mor ta l i t y  f o r  cont ro l  through 4% e f f l u e n t  groups, 
Current observations are 5 ,  5,6,  1002,  and 16,4$ mor ta l i t y  f o r  0, 2,  4, 
and 55 uncooled e f f l u e n t  groups , r e m e c t i v e l y ,  
may be explained by g rea t e r  s e n s i t i v i t y  of t h s  cur ren t  t e s t  f i s h  ( h i e s t  
Rapids s tock)  o r  may poss ib ly  be assoc ia ted  with t h e  nqw zirconium tubes 
a t  KTe A l l  f i s h  reared i n  similar e f f luen t  ccncentrat ion,  but cooled 
t o  river temperatures, showed n c r t a l i t y  of b-5$0  

Past  experience would 

The hip; her mor t a l i t y  

Columnaris 

Local yearlif ig f i s h  were snown t o  contain antibody aga ins t  columnaris 
i n  t h e i r  blood. 
exposed t o  coiumnaris, exh ib i t  no antibody, nor do IS-monT;’?-oid rainbow 
t r o u t  taken frcm the  Yakuna S t a t e  X s h  Hatchery where coiumnaris has 
never been identified. 
t i t e r  i s  p o s i t i v e  evidence of a p r e n ~ u s  exTxuro  t a  coiumnaris, and 
can be used as  an ind ica t ion  of p r i o r  exDosure Of f i s h  t o  t h e  disease.  

Salmon of t h i s  year  s hatch, which haTre 2ever been 

rhese resu;+,s show t n a r  presence of agg lu t ina tmg  

Thir ty-s ix  river f i s h  taken frcm atove p r i e s t  %? ids  Dam on IIav 22nd 
showed no coiumnaris infect ion.  ’*later temperature was 10.5 5, Samples 
of f i s h  from Yon? %?-ids gam cor t inue  t c  be negat;-re f o r  cc1umnaris9 
with wa5er temperatures of 18 C, 
columnaris has been i d e n t d f e d  a t  Horr, h p i d s  3am s ince  3r. S r l i n g  Ordal 
reported that They obtained p o s i t i v e  cclumnaris from fish taken a t  
Prosser  i n  Apr i l ,  
Prosser  Dam represents  a fcca i  pc in t  f m  t h e  o r i g i n  of columnaris, 

- It is  o f  s ~ e c i a l  i n t F r e s t  that nc 

h i s  and l a s t  year’s samp;ir,gs are suggest ive t h a t  t h e  

1 2 3 1 3 c l i  lVZLASSI? E3D 
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BIOLOSY AND MEDICINE - 06 PROCRAM 

NETABOLISM, TOXICITY AVD TRANSFER 3F RADI3ACTIVY MT'ERIALS 

Zinc 

Yearling t r o u t  fed 0.1 y c  Zn65/g f i s h  dai ly  Monday through Friday approached 
equilibrium body burdens of about 270 )E i n  about 10 weeks. 

- 

Iodine 

Peak milk 
about 5 hours after feeding 500 p c  i n  a s i n g l e  feed p e l l e t .  
concentration then f e l l  ra idly f o r  48 hours, subsequently assuming a more 

m i n i m u m  a t  9-13 hours, and then began a gradual increase. 
a r e f l e c t i o n  of 1131 t i s s u e  uptake and subsequent release i n t o  the  c i r cu la t ion .  
These r e s u l t s  w i l l  be compared with those from a similar s tudy  with Te132- 

concentrations of 5'0-100 x plasma l e v e l s  occurred i n  sheep 
?Elk 1131 

gradual decline. Plasma I E 31 values peaked a t  3-5 hours, f e l l  r ap id ly  t o  a 
T h i s  is probably 

1132. 

Cerium 

To 
C e a ,  200 mc of t he  oxide were fed t o  a n  a d u l t  male miniature pig. This 
dose was  expected t o  be damaging and p o s s i b l y l e t h a l .  The animal f a i l e d  
t o  eat after t h e  first day but i t s  condition seemed t o  improve after t h e  
first week. 
a t  least p a r t i a l l y  t o  experimental stresses not assoc ia ted  with t h e  radio- 
nuclide administration. Grossly, t h e  i n t e s t i n e s  appeared only moderately 
inflamed. 

valuate t h e  effects of inges t ion  of  t h e  p o t e n t i a l  SNAP radionuclide 

On the  morning of t h e  n in th  day, t h e  animal died, probably due 

F ina l  i n t e r p r e t a t i o n s  must await h i s t o l o g i c a l  s tud ies .  

Neptunium 

A four-hour pre-treatment of female rats with Np237 had a neg l ig ib l e  
e f f e c t  on the  oxidation of leuc ine  o r  on i t s  incorporation i n t o  liver 
and plasma pro te ins .  

Inha la t ion  S tudies  

Mitochondria were t h e  most a c t i v e  of subce l lu l a r  f r a c t i o n s  from r a b b i t  lung 
t i s s u e  i n  preliminary tests of fa t ty  a c i d  synthesis.  S imi la r  r e s u l t s  w e r e  
obtained with r a t  lung mitochondria. 

A dog with an  i n i t i a l  deposit ion of 50 pc h106-Pr10602 i n  the  lung showed 
a s l i g h t  increase  i n  serum glutamic p i c  transaminase levels f ive months 
pos t  exposure, i nd ica t ing  the  desirabi l i ty  of l iver  func t ion  t e s t i n g  i n  
t h i s  experiment. 
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A dcg exposed f o u r  and oce-half years ago t3 ? ~ * ~ ' 3 ;  shcws radiographic 
ev5dence of an enlarging pdmonary tumcr. 
enlargement, e levated arteria: blc,od CO2 and 5ecrPased 02 
r e sp i r a to ry  rate, and lymph5penia. h e r e  is a l s o  evidence of possiblc  
manmary  tumorso 

A dog phantom was received from Alderson 3esearch Labs f o r  use in 
dosimetry problems. 
i n  the  phantom, w'iich i s  supplied n t h  t i s s u e  equivalont capsules f o r  
containing radscnuclides,  and extra skir,, muscle, and f a t  equivalent 
coa ts  fo r  approximating t h e  s i z e  of mature heaglgs i n  cur colony. 

This dcg shows cardiac 
incrqmed 

The skeieton of one of our beagles was incorporated 

Twenty-seven d i f f e r e n t  f i g h t s  vere recorded i n  the dog coLony t h i s  mcnth, 
involving $0 d i f f e r e n t  animals. 
required medical a t t en t ion ,  This  r e s u l t  of housing more than one dog 
per run should be consideyed when planning f a c i l i t i e s  f o r  long-term 
s tud ie s  i n  which t h e  value of an  individclai animal c ru ld  be w e l l  over 

? i f ty  percent  of t hese  animals 

$20,000 e 

Gas t ro in t e s t ina l  Radiat icn I n j u r y  

The pro tec t ive  effect  of sh ie ld ing  shor t  segments of t h e  i n t e s t i n e  
during s y r a l e t h a l  i r r a d i a t i o n  mag be d;le, a t  h a s t .  i n  par t ,  t o  
pres i rva t ion  of t h e  mechanism f o r  b i l e  s a l t  absorption. In  s tud ies  
with rats, t h i s  absorptior. was rPduced t o  11% of normal, three days 
after lSS0 r e  
increases  t h e  absorpt ion t o  67% cf normal. 

Shielding a two-inch segment a f  t h e  small int,est.ine 

A study of b a c t e r i a l  populations i n  the  i r r a d i a t e d  r a t  i n t e s t i n e  
ind ica t e s  migrat ion o f  organisms up t h e  i n t e s t i n a l  t r a c t  concurrent 
with o ther  pathological  events, 

Co-carcincgens 

~ a t s  given a s i n g l e  intravenous i n j e c t i o n  cf Se- -h4-FrlWL ar.d f e d  
chronica i ly  cn a d i e t  containing dimethylaminoaz3benzene (D:W3> we=  
sac " f i c e d  a t  var ious time i n t e r v a l s  t o  deter-iline r e t en t ion  of 
Celck-Pr'a i n  t h e  i ivey, Animals f ed  3I'j.E snowed a cons i s t en t ly  
higher  r e t e n t i o n  than did con t ro l  animals a 
t he  DMAB group re ta ined  8,83 as cmpared with 306 '  w t a i n e d  i_n t h e  
con t ro l  group 

-n Ll i l r ty  d a w  a f t e r  i n j e c t i o n  

Lac t a t i o  n S txd l e  s 

Pour ewes i n  t h e  l a t e  s t ages  of l a c t a t i o n  were milkedat 1, 3, 5 ,  5 
and 24 hcurs. The average proiuct ion w a s  970 ml (range ?rJO-1250) 
f o r  the  2L-hcur p ? n a d  with good e.ziilence f c r  l i n s a r  prociucticr: o ~ r  t h e  
various t?lme i n t e r v a l s  employed. Ery injecting i t c c i n  t r 3  i n i t i a t e  
milk "let-down", a considerable qEar,tity o f  mlik vas st;.c)wn t . 3  be 
?resent  i f i  the  udder a f t e r  lambs have nursed tigcrous'ly. 
preli ,ninary s tudy w i l l  be rep3ated next spring using mcre mimb 
and a t  vayims stages sf ' lactation. 

';'his 

1 T "JCL.43.S ??I 3D 
_I_ 
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Effec ts  of Temperature Acclimation on F i sh  lietabolism 

Fish in jec ted  in t r ape r i tonea l ly  with lab9led C 1  and c6 glucose metabolized 
O.L!& of t h e  C 1  glucose dose t o  ~ 4 0 2  i n  two  hours as compared wi th  1.9% 
of t h e  Cg glucose. 
pentose shunt f o r  f i s h  acclimated a t  20 C i n  con t r a s t  t o  t h e  previously 
reported h ighly  ac t ive  pentose shunt f o r  f i s h  acclimated a t  8 C, 

The rate c u m  ind ica t e s  8 minor pa r t i c ipa t ion  of t h e  

Terrestrial Ecology 

A census of t h e  r ing-b i l led  and California gull colonies at Coyote Rapids 
and Ringold by the same method employed i n  1961 shows a s h i f t  from the  
Coyote Rapids t o  the Ringold area and a t o t a l  p o t e n t i a l  reproduction t h i s  
year bet ter  than twice t h a t  of 1961. 

Banding of cliff swallms along the bluf f s  bordering t h e  Columbia River was 
i n i t i a t e d ,  using m i s t  ne t s  raised some 3O-lrO feet above t h e  ground t o  ca t ch  
t h e  birds .  
obsPrved t h a t  t h e  adu l t s ,  upon becoming enmeshed i n  t h e  mist ne ts ,  disgorged 
t h e i r  insec ts .  By placing p l a s t i c  sheet ing under the nets ,  t hese  disgorged 
in sec t s  could be co l lec ted  f o r  taxonomic and radionucl ide analysis. This 
technique represents  a unique method of determinWg food h a b i t s  of t h e  b i rds ,  
radionuclide in take  of young, and thus  p o t e n t i a l l y  a d i r e c t  ana lys i s  of a 
food chain from river t o  young bjrds.  

Bands were placed on over a thousand a d u l t  b i r d s ,  I t  was 

Plant  Nutr i t ion 

An extensi-re series of tests on the uptake of iodide y i e l d s  da ta  which are 
most easily in t e rp re t ed  i n  terms of a metaboxc uptake and t r ans loca t ion  
process. Iodide uptake was measured under vamrbg temperature conditions,  
a t  var r ing  p l an t  ages, i n  t h e  presence of specific metabolic poisons, and 
with p l an t s  whose r o o t s  had been k i l l e d  by f reez ing  o r  boiling. 
of iodide absorpt ion by cold becomes g rea t e r  as p l an t s  became older ,  
Transpirat ion from cold leaves almost ceases, while uptake of iodide i s  
no t  similarly cu r t a i l ed ,  e spec ia l ly  i n  younger p lan ts .  
c l e a r l y  not moving i n  conjunction wi th  any general  f low of water brought 
about by t ranspi ra t ion .  

Gaseous 1’3’ was absorbed more ex tens ive ly  by moistened p l a n t  leaves than 
by d r y  controls .  
amount when ccmpared y i t h  a d ry  cont ro l ,  
accumulated no more IA3’ (and i n  some cases l e s s )  than did d ry  s o i l ,  
i s  possible  t h a t  the  wet s o i l  exposed a smaller sur face  area on which t h e  
raseous 1131 couid adsorb. This p o s s i b i l i t y  i s  now being invest igated.  

%pression 

The iod ide  i s  

Moistened f i l t e r  paper absorbed a similarly increased 
On t h e  o ther  hand, w e t  s o i l  

It 

S o i l  samples were taken a t  various depths from a p l o t  contaminated t e n  years 
ago W i t h  Sr9* and not  cu l t i va t ed  during t h e  intervening t i m e ,  except f o r  

UNCLASSIFIED 
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some s o i l  disturbance associated with weeding ar,d sur face  p la r t ing .  
The d i s t r i b u t i o n  of a c t s n t y  i s  shown x-1 the fo lk t s ing  t a b l e t  

Depth belcw sur face  
i n  inches 

0 
1 
3 
6 
9 

12 

Columbia River Limnology 

Because of high water o n l y  l imi t ed  data are ava i l ab le  €or  plankton 
and periphyton. 
i n  :lay as i n  Apr i l ;  P32 and Sc46 decreasedo 
a t  the  same time showed a decrnase i n  mass p l r  u n l t  si lbstyate but  a 
two-fold increase of P3* and Zn65 per  u n i t  subs t ra te ;  sch6 remained 

Zinc-65 concentrations i n  plankc,on remained t h e  same 
Perlphyton samples taken 

approximately the  same . 
n 

Ac-cing I<anager 
i3IQLCGP LABORATORY 

RC Thompson:es 
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I. Speeches Presented 

a,  Papers Presented a t  Society Meetings and symposia 

aair, 'd. J. W€ect  cf  t h e  form of  inhaled cerium dioxide on i t s  
removal by diethylenetriamine-pentaacetic ac id ,  
Society Meeting, Cincinnati ,  Ohio , 

Health Physics 
June 25-18 , 1964 

Keough, R, F, ?lame spec t ropho tme t r i c  determination of calcium 
after strontium oxalate  coprecipi ta t ion.  
Society,  Spokane , 'dashington. 

conditions on deposi t ion and r e t en t ion  of 1131 on p lan ts .  
American Socie tv  of Plant  Physiologists,  A , k , k . S .  Vestern 
Section, TJnivprsity of B r i t i s h  ColwnSia , ~7anccuver, R.C, 
Jun i  22-25, 196&. 

American Chemical 
June 15, 196L 

Cline, J. F. W f e c t  of c l imat ic ,  physical ,  and b io loz ica l  

b, Seminars (Off-Site and Local) 

McClellan, R,  0. Radiostrontium mPtabolism and t o x i c i t y  i n  
miniature swine, 
Orsgon, June 4, 196b0 

Universi ty  of aregon &nta l  Lchool, Portland, 

Mahlum, D, D. Cel lu l a r  effects of rad ia t ion .  Biochemical effects 
of ' r ad i a t ion ,  
S e a t t l e ,  Washhgton. June 21, 1964. 

S e a t t l e ,  Idashington, June 24, 196k0 

Universi ty  cf ',!ashington Summer I n s t i t u t e ,  

Hungate, F', P. %net ics ,  University of Nashhgton Sumer  I n s t i t u t e ,  

c s  Seminars (Bioloey) 

D r .  Herta Spencer, C h i e f  1,:etabolic Sect ion , Veteran's Administration, 
Tdward Hines, Jr. Hospital, Hines, I l l i n o i s .  
metabolism i n  man 

Radiostrontium 
June 22 , 196L0 

;Jtlliam R,  Yiley, Department of Bacterlclogy and Public Health? 
I.Jashington S t a t e  University, Pullman , IJashington, 
of an a lka l ine  pF! and YH4 ions f o r  membrane t r anspor t  by 
Baci l lus  p a s t e u r i i ,  June 29, 1964 

The requirements 

d Miscellaneous 

Ncne 
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I1 . Articles Published 

a. %J Documents 

Hanfod Biology Resoarch Annual Report f o r  1963 ?%classif ied.  
Rd-8OsOO. January 15, 1964 

b. Open Literature 

Clarke, 'J., J, and 3. J. Bairo Plutonium inha la t ion  s tudies .  VT, 
Patholoqic e f f ec t s  of inhaled plutonium p a r t i c l e s  i n  dogs. 
H?alth l'hysics 10, ;io. 6.: 391-398 (1964). 

Rickard, '7. H. Spring p rec ip i t a t ion  and the strontium-90 
contamination o** wheat i r ,  t h e  semi-arid regions o f  Idaho and 
Xontana. Nature 201: 309-310 (196h) e 

111. V i s i t s  and Vi s i to r s  

a. Visits t o  Tianford 

Bryce Allred cf Z O  3. Squibb and Sons, Sellevue, k s h i n g t c n  
v i s i t e d  f a c ; l i t i e s  and discussed research wi th  1, ' I o  'ustad. 
June 3, 19hh. 

Twenty members of t he  & m y s i d e ,  'Jashington Chamber of bormerce 
toured f a c i l i t i e s  w i t h  2. F, ?almer and J ,  F. Cline on 
June 5 ,  19614. 

3. L. Corson and A .  IT. Lade, re';ired 5E eiiployees, toured f 'acll i t ies 
on June 2, 1964. 

D r .  B, A ,  8 u t t  and a s r o c i a t e s  from Department of Agricul ture  
Entomology -ranch, Yakha Jashington, tcured f a c i l i t i e s  wi.th 
F. Po Yungate. June 9, 1964. 

A d m i r a l  Valters and a s soc ia t e s  of  t h e  L!3iJ, idashmg$on, I l e Z a  tcured 
9 ic logy  f a c i l i t i e s .  June I O ,  1964, 

Dwight Ailen and ?ichard Damon of Stanford LJniversity and A ,  :o Lind 
Superintendent 01' Xchland  s c  T ols, t m r e d  f ac i l i t i e s  and 
discussed esparch w i t h  -"? L7unFI;ate and LK a u s t a d .  June 18, I?&. 

Neal - e  Clapp, 3epartment of 3a%.clc-- rJ and %Icliatiori 3~-olcrr- ,  Colorado 
S t a t e  University , F t  Coll i n s  Calc e toured f a c i l i t i e s  ., ,June 1 9  ., 

Jerome C. Pekas, :JT-AF,C ?reject, 3ak %dge, Tennessee, v i s i t e d  
f a c i l i t i e s ,  June 23, 1964. 

D r o  Herta Spencer, Z h i e f  , i:--tabolic 3ecticr,, 7award Hfnes TJospi ta l ,  
Hines, Illinois, toured and presented a seq inar . .  June 22, 1964. 

:ro R ,  b J i l e ~ r  and I".. Johnson, 'Tash'neon 5ta-e TTniversityy, Rillman, 
June 29-70, 1964, presented a s e a n a r  and toured f a c i l i t i e s ,  



3f f - s i t e  b. Visits 

6/3-L 

6 / 3 4  

- 
- % 0. :lcClellan discussed research with 3, iileaver and 

V. Go Horstman discussed Pesearch with Drs. ';Teaver and 3ogers 
a t  t h e  TJniv. of ?reFon % n t a l  and Iledical s c ~ o o l s  i n  Portland. 

presented a seminar a t  t3e TJniversity of b'regon Dental 
Scqool i n  Fortland. 

;I. He Rickard and L. L. Eberhardt collecr,ed fa l lout  samples 
i n  the Blue :.lountains. 

- 
~ . 

6/7-12 - J, Hsieh attended the  Spmposium on Surface Contamination 
i n  fa t l insburg,  Tonnessee. 

Fish Hatcheries i n  Yakima and Patches. 

A i r  F ie ld  f o r  shipment t o  SPAL Division of Ph-. Food 
and Drug kdministrz.tion, Washington, D. C. 

9. 3 ,  Gough presented paper a t  t h e  'Jorthwest Tegional 
teet;_ng of t h s  P-merican Chemical Society i n  Spokane, Wash. 

0. H. Snitti at tended t h e  Northwest 3egional American Chemical 
Society Heeting i n  Spokane, Wash. 

Yo A. 3agan prosented a paper a t  t h e  Hsalth physics Socie ty  
1,keting i n  Cincinnati ,  3hio and discussed research and 
v i s i t e d  f a c i l i t i e s  a t  UT-AFC Project ,  Oak Ridge, Tenn. 

'do J ,  Rair p r e s w t e d  a paper a t  t he  Health h y s i c s  Society 
IGeeting i n  Cincinnati ,  and v i s i t e d  animal f a c i l i t i e s  
a t  %io S t a t e  Universi'ty Veterinary School i n  Columbus. 

R. 2. IJakatani discussed research a t  t h e  TJniversity of  
Washington Laboratorv of Radiation Biology i r  Sea t t l e .  

J. '?. Dean attended a smposium and discussed research a t  
the S te inha r t  Aquarium i n  San Francisco and t h e  Univers i ty  
of Cal i fornia  a t  Berkeley. 

i n  Cincinnati ,  % i o ,  and discussed r e sea -ch  with 
JX Stannard a t  t h e  IJniversity of Rochestsr, Rochester, N.Y. 

Cincinnati ,  Dhio, discussed ressarch and interviewed 
J. 
an? at+,ended the IJCliP Iyeeting i n  New York. 

- 
- 

!I, P. Fujihara  co l lec ted  blood sarnples a t  t h e  State 

V. ,3. Hcrstman t ransported two miniature swine t o  Geiger 

5/8 

h/9 

6/l,$-lS - 
6/U-15 - 
5/U-20 - 

6/15-19 - 

5/15-16 - 
6/15-18 - 

(?vmposium held a t  B-rkeley) 
6/15-19 - J. E. Ballou at?,ended t h e  Vealth Physics Socie ty  Meeting 

6/15-22 - R. ' C o  'hompson attended t h e  Health Ph<ysics Yeeting i n  

Gong a t  t h e  Yospi ta l  of Special .  Surgery i n  New York 

6/21 
6/22 

6/22-26 - L o  L. Fb3rhardt9 C ,  E, Cushing,, J, F. Cline, and D. 0. d i l s o n  

- - D, D. Ikhlum preso,nted l e c t u r e s  a t  t h e  Universi ty  o f  iiashington. 
V. G o  !lorstman inspected feed and co l lec ted  samples a t  t h e  

Pendleton Grain Growers i n  Henniston, Oregon. 

attended the  Pac i f i c  Division, Vsstern Section of t h e  A.A.A.S. 
Yeetings i n  Vancouver, B,C, 

Columbia River Studies  a t  University of Washington. 
Hungate a l s o  presented a l e c t u r e  a t  t he  Summer I n s t i t u t e .  

- 

Paper presented by Cline. 
5/25-26 - 17. P. HunRate and D, G o  Watson attended a Meeting on 

6/27-30 - Lo K. 3ustad presented a l e c t u r e  a t  t h e  Summer I n s t i t u t e .  
6/27-9/15 - C .  Xanson ccnducting b io log ica l  s tud ie s  i n  A l a s k a .  
6/30 - 13. P o  Fujihara  picked up fish a t  the  S t a t e  F ish  Hatchery 

i n  lJatches 
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APPLIED MATHEMATICS OPERATION 
MONTHLY REPORT - JUNE, 1964 

ORGANIZATION AND PERSONNEL 

Professor Jo Lo Shnders from the  University of Arizona Joined the  group 
on June 4 as a summer professor,  
J, A, Weed reported f o r  work as a s t a t i s t i c i a n  on June 25, 
H, Do Huber re turned t o  work on June 22 after an extended illness ieave, 
Po P, Rowe terminated on June i 5  t o  take an academic posi t ion,  

ACTIVITIES FOR OTHER HAP0 CCMPOMENTS 

N-React or Department 

An experiment r e l a t i v e  t o  t h e  o p t i c a l  comparator w a s  designed and analyzed, 

I r r ad ia t ion  Processing Department 

Product ion F’ue i s  

The pa t t e rns  for placing k e l  elements in reac tor  tubes were determined 
f o r  personnel i n t e r e s t e d  i n  comparing t reatments  r e su l t i ng  from a 2x3 
f a c t o r i a l  tes t ,  The fusi elements were o i l  o r  water-quenched and were 
a-annealed, pre  A l S i  dipped o r  received regular  canning t reatment ,  

A series of t e s t s  t o  determine t h e  e f f e c t s  of can-sleeve pre-heat time 
and to t a l  submerge t i m e  i n  canning four d i f f e r e n t  f’uel element types 
have been analyzed and reported,  The y i e l d  variabLes are t h e  ex te rna l  
and i n t e r n a l  UE-1 and UT-4 bond i n t e g r i t y  measurementso 

Assistance has been given in t h e  methods of analyzing da ta  r e su l t i ng  from 
the  program of sampling sa fe ty  climate,  

Research and Engineering 

A design f o r  a production tes t  comparing I 2  treatments w a s  prepared for 
personnel i n t e r e s t e d  i n  inves t iga t ing  the  dimensional. d i s to r t ion  per- 
formance of depleted uranium Pael elements i n  t h e  reactor .  The design 
used the  property t h a t  the  sequent ia l  placing of columns from a l a t i n  
square w i l l  e l iminate  the e f f e c t s  of a l i n e a r  gradient  which i n  t h i s  
instance i s  t h e  rad ia t ion  e f f e c t  on warpo An exampie of how the data 
from t h i s  t e s t  should be analyzed i s  being prepared, 
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I r r a d i a t i  on Processing Department ( Continued) 

Two independent requests w e r e  received f o r  s t u d i e s  of the r e l i a b i l i t y  of 
the meter re lays  i n  t he  zone temperature monitoring system. 
sh ip  between t h e  ind iv idua l  meter relay r e l i a b i l i t y  and t h e  system reiia- 
b i l i t y  i s  being s tudied ,  Results have also been determined which relate 
pas t  meter relay performance with t h e  p robab i l i t y  of f a i l u r e  t o  de tec t  a 
scram incident 

The re la t ion-  

Work is  continuing on F'T-572 t o  charac te r ize  weight loss and dimensional 
d i s to r t ion  e f f e c t s  according t o  support heights of self-supported f i e 1  
elements e 

Assistance has been given i n  t h e  ana lys i s  of R value results, where the 
R i s  a measure of circumferential  temperature imbalance i n  t h e  water 
leaving process tubes e 

The IPD Fuels Maintenance Operation w i U  use the  100 B-C preventive main- 
tenance system excluding the production support pa r t .  ?his W i l l  enable 
them t o  become familiar with the  b a s i c  system before attempting t o  incor- 
porate t h e i r  own rather complex production support a c t i v i t i e s .  

Information Systems work continues 
system w a s  run covering 1964. 
ated f o r  t h e  f i rs t  s i x  months and sen t  t o  the appropriate Maintenance 
Management. Various da ta  and c l a s s i f i c a t i o n  e r r o r s  were caught and are 
being corrected., The system should now be on-line f o r  t he  s c h e w i n g  
portion unless t h e  corrected da ta  are a g a i n  found fau l ty .  

The 100 B-C preventive maintenance 
Indiv idua l  craftsmen job cards w e r e  gener- 

Chemical Processing Department 

A n  examination of t he  r e l i a b i l i t y  of f i s s i o n  product recovery sampling and 
a n a l y t i c a l  measurements i s  being made, A non-orthogonal ana lys i s  of variance 
w a s  made t o  determine sources of v a r i a b i l i t y  i n  measurement of i s o t o p i c  m a s s  
r a t i o s  e 

Business Planning and Transfer Operation 

The AEC i s  about t o  launch a f u l l  s c a l e  study of t h e  impact of its f a c i l i t i e s  
on the n a t i o n a l  economy. 
City Area. 
AEC ques t iona i re  and planning t h e  required survey, The formal request t o  
undertake t h a t  study would be received e a r l y  i n  Ju ly ,  and t h e  r epor t  re- 
quested by the  end of September. 

As a consequence there Xi11 be a study of t h e  T r i -  
A t  t he  request of RLOO, work has begun analyzing the e labora te  
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Contract and Accounting Oper stl on 

The most recent version of t he  Linear Program U / g O  as d i s t r i b u t e d  by 
SHARE has been made compatible with HAP0 EDP equipment, and has been 
successfully employed by IPD personnel, 

Assistance w a s  given t o  Nuclear Materials Measurements personnel i n  t h e  
construction of  the  first l e v e l  matrix fo r  2 plantes nuclear mater ia l s  
measurement system, 

ACTIVITIES hTTHIN HANFORD LABORATORIES 

2000 Program 

C Column Cmputer Control 

Work continued on programing for  t h e  GE 412 Process Control Computer 
which will be used t o  con t ro i  t h e  operation of the  C c o i m ,  
eleven func t iona l  programs have now been spec i f i ed ,  Documentation of 
these  completed programs is s t i i l  i n  progress,  

Eight of" 

3000 Program 

Consultation s e r e  ces were provided Plutonium Fabrication Development 
Operation on problems concerned with f l a w  of molten mater ia l s ,  

4000 Program 

Sonic Transmission i n  Visco-elastic materials 

An EDPM program is  being assembled which eva lua tes  t h e  pulse shape of 
rebounding u l t r a s o n i c  waves from the  plane boundary between two d i s t i n c t  
i n f i n i t e  media, This ana lys is  -and computation employs a sound trans- 
mission model for which amplitude l o s s e s  are assumed propor t iona l  t o  
frequency 

P a r t i c l e  Packing Studies 

P a r t i c l e  s i z e  and propor t iona l  mix f a c t o r s  were c d c u l a t e d  f o r  t h e  f ab r i -  
ca t ion  of (1) a Calrod element containing aa i n t e r n a l  h e l i c a l  Wire, ( 2 )  a 
fie1 element of the type used in EBWR, and (3) an experimental non-circular 
con t ro l  rod. Fabrications were attempted on (1) and ( 2 )  and were success- 
filly completed, 
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400C Program (Continued) 

Considerable progress w a s  made on d e x h i n g  a mathematical model f o r  t h e  
d i f fus ion  of oxygen i n t o  sphe r i ca l  p a r t i c l e s  of uranium under t h e  assump- 
t i o n  tha t  uranium w i l l  r eac t  w i t h  oxygen at a rate propor t iona l  t o  t h e  
deviation of t h e  oxygen concentration from a pos tu la ted  f ixed  l e v e l .  

Radiation Damage t o  f i s s ionab le  Material 

The FORTRAN language program SALTY t o  unfold an observed two-dimensional 
p a r t i c l e  s i z e  d i s t r i b u t i o n  i n t o  i t s  three-dimensional counterpart  was 
completely debugged, 
The program, which i s  ava i lab le  t o  Laboratory people on reques t ,  uses 
Ziess p a r t i c l e  s i z e  analyzer d i s t r i b u t i o n a l  data as input ,  
s i z e  d i s t r i b u t i o n  output is i n  the  form of a histogram based on an 
a r b i t r a r y  number of c e l l s  which are spec i f i ed  by t h e  experimentor, 
Standard e r r o r  estimates of t h e  r e l a t i v e  frequency i n  each cell of  t h e  
histogram and co r re l a t ion  coe f f i c i en t s  f o r  t h e  various c e l l  frequencies 
a re  included i n  t h e  output,  
graph i s  p r in t ed  out, 

Documentation of  t he  program is now i n  progress, 

The p a r t i c l e  

I n  addi t ion  a log  frequency-log diameter 

Program spec i f i ca t ions  f o r  a 7090 Monte Carlo rout ine  t o  assess d i r e c t l y  
the  propagated e r r o r s  of t he  m a s s  spectrometer have been prepared, 

5000 Program 

Computation and S t a t i s t i c a l  Analysis 

Work continued on t h e  ca lcu la t ion  of the  power function of t he  Poisson 
index s t a t i s t i c  used t c  check s t a b i l i t y  of- counting instruments, Er ror  
ca l cu la t ions  a re  i n  progress t o  make ce r t a in  t h a t  t he  bas i c  computational 
program has f i v e  f igure  accuracy, “he uniformly most powerful similar 
region test  of t h e  n u l l  hypothesis t h a t  a set  of random times between 
successive counts arose from the  decay of a pure nuclide aga ins t  t h e  
a l t e r n a t i v e  hypothesis t h a t  t he  counts w e r e  generated from a uniform 
i n t e n s i t y  background w a s  completed, Power f’unction ca l cu la t ions  are 
i n  progress t o  determine t h e  s e n s i t i v i t y  of t he  t e s t  as a f b c t i o n  of 
i n i t i a l  counting r a t e  

Actinide Element Research 

The t h i r d  goal of t h i s  phase of the program w a s  achieved w i t h  t h e  issuance 
of IN-89062 which documents t he  orthorhombic indexing program, 
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6000 Program 

B i  olcgy 

A s t a t i s t i c a l  anaLysis of adult progeny da ta  from X - r q -  exposed Tribolium 
Castaneum w a s  i n i t i a t e d .  
effects d i f f e ren t  l e v e l s  of X-ray  exposure t o  one 3r both members of a 
mating p a i r  and temperature have on the  number of adul t  progeny proiheed, 

The purpose of t he  study is  t o  inves t iga te  the 

An experimental design w a s  out l ined  t o  measure the a c t i v i t y  of a f i s h  
burdened with Zn65, 

The computer program f o r  t he  Zn65 f i s h  study f i l e  w a s  revised t o  make it 
more f l e x i b l e  a 

Work w a s  s t a r t e d  on exploring models of population in t e rac t ions  i n  support 
of eco logica l  s tud ie s  of post-attack s i t u a t i o n s ,  
systems approach t o  the analysis of economic-biological i n t e rac t ions  post  
nuclear a t tack ,  

Work continues on a 

A. procedure leading t o  an estimate of t h e  "safety margin" (bias) inherent 
in the  present  ex te rna l  dosimetry measurements was designed, 

Work i s  continuing on t h e  program of  f i t t i n g  densi ty  d i s t r ibu t ions  to 
observed p a r t i c i e  s i z e s  

Two repor t s  were counpleted by the HL Canputer Task Force, These reports  
discuss t en ta t ive  computer configurations suggested by severa l  d i g i t a l  
computer manufacturers and the kurrent l e v e l  of se rv ice  provided t o  
Hanford Laboratories by EDPO, 

Act& Manager 
APPLIED MATHFNATI S 

RY Deanzbsh 
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PRO GRAMMI NG 

REACTOR PROGRAM - 04 PROGRAM 

PLUTONIUM UTILIZATION PROGRAM 

Small Production Reactor Simulation 

In  f u r t h e r  inves t iga t ion  of converting the  small Hanford production reac tors  t o  
power r eac to r s ,  a new l a t t i c e  ce l l  was examined. 
present  l a t t i c e  configurat ion,  but with one-half o f  t h e  graphi te  removed from 
t h e  graphi te  s t r i n g e r  through which the process tube passes. Removal of t h i s  
graphi te  would serve the  dual purpose of  providing steam vent ing i n  the  event 
o f  a process tube f a i l u r e ,  and reducing the  amount of moderation i n  the  u n i t  
c e l l .  To 
account f o r  the void i n  t h e  l a t t i c e ,  t he  e f f e c t i v e  dens i ty  of t h e  graphi te  was 
reduced. This  approach had the  effect  of "smearing" the  void throughout t h e  
l a rge  moderating region,  

This ce l l  was based on t h e  

This  l a t t i c e  was examined using the JASON-MELEAGER chain program. 

Table I shows t h e  fue l  cos t s  obtained with t h i s  ce l l  compared with t h e  
standard configurat ion.  
cos t s  a r e  obtained because the  removal o f  t h e  graphi te  increases  the  f e r t i l i t y  
of t h e  uranium fue l  
i n  s i t u  burning of the  plutonium t h a t  i s  formed, 

The s p a t i a l  concentration of fue l  i n  t h e  l a t t i c e  i s  var ied  as noted i n  t h e  
f irst  column of  Table I ,  Frac t ion  of  Theoret ical  ( fue l )  Density. This  
parametric va r i a t ion  i s  made because metallic uranium probably w i l l  not 
be durable a t  exposures o f  8000 Mwd/ton, but an a l loy  o r  matr ix  f u e l  may 
be adequately durable ,  The fue l  exposures i n  Table I a re  l i s t e d  i n  Mwd/ton 
of heavy i so topes  i n  the  fue l  ( i . e o ,  e s s e n t i a l l y  pe r  ton of f e r t i l e  p lus  
f i s s i l e  conten t ) .  Thus, a t  an exposure of  15,000 Mwd/ton a t  0.4 dens i ty ,  a 
cubic  centimeter of fue l  generates the same amount of heat as does fue l  a t  
f u l l  densi ty  a t  an exposure of 6000 Mwdlton. 

In the  case of metallic uranium f u e l ,  lower fuel  

The spectrum i s  hardened s l i g h t l y  and there  i s  more 
-- 

Code Development 

Economic comparisons of seed-blanket reac tors  i n  which the  blanket regions 
have been driven with one, two, o r  more successive seeds have required 
computation of  t he  complete h i s t o r y  o f  each r eac to r ,  
t o  p lace  the  blanket d a t a  on t ape  each time a seed region reaches terminal 
exposure; and, now, h i s t o r i e s  of  a l l  t h e  reac tors  are ava i l ab le  even 
though only the  one w i t h  t he  grea tes t  number of  seeds was ac tua l ly  calcu-  
l a t e d .  A new code known as the  SEED-BLANKET EDITOR has been w r i t t e n ,  debugged, 
and placed on t h e  ECONOMICS CHAIN master tape as Link 6 ,  This code reads the  
B8 t ape  wr i t ten  by ALTHAEA, e x t r a c t s  the intermediate  da t a ,  and writes the  
expanded h i s t o r i e s  of several  r eac to r s  on B7 i n  a form s u i t a b l e  f o r  t he  QUICK 
Economics code, 
7090 computer now requires  20 minutes, 

ALTHAEA was revised 

A t yp ica l  problem, which would have taken 55 minutes on the  

UNCLASSIFIED I 2 3 1 4 0 5  



O O C -  

P 0 0 3 0  

N 
CD e 

w 
N 

00 
VI 
P 

. 

N 

c 
h) 
W 

w 

00 w 
w 

c . 

c 

00 
N 
VI 

N 
QI 

N w 

. 
c 

c 

ul cn 
P 

N 
c. 

P 
00 
0 

. 

c 
P 
vl 
w 

0 

P 

0 

rc1 

4 
c 

w 

N 
&I 
w 

c. 
vl 

0 
4 
N 

” 

c 

0 
0 
N 

c 

w 
0 
w 

c 
cn 
w 
4 m 

. 

0 

0 

0 

m 
w 
ul 

C 

rc1 
0 
o\ 

c 
0 

W 
W 
. 
c 

0 

4 
N m 

0 

(3 cn 
0 

c 
c 
N m 
Ql 

. 

0 

03 

0 

P 
P 
00 

0 

4 
P 
o\ 

00 

m 
4 
w 

. 

0 

m 
0 
4 

0 

a 
P m 

c 
w 

P 
10 

.. 
c 

c 

0 

0 

w 
N 
N 

0 
4 
0 
VI 

00 

m 
rD 
4 

.. 

0 

P 
w 
P 

0 

4 

w 
c. 

00 

0 
0 

” 
c 

VI 
(+ 
P, 
1 a 
P, 
Y e 
c) z 
c 

- - 
z 
I 
m w 
0 
0 

c z n 
r 

cn % 
U 

U 
n 
m 
0 

-3 

P =lY 
I 
N 

z 
m 
U 



UNCLASSIFIED F -3 I ih’ - 83 00 0 

The seed-blanket r eac to r  cont ro l  system, described by A .  Radkowsky involves 
the  use o f  a f ixed  amount of seed (occupying -20% of  the  r eac to r  volume) 
one-half o f  which i s  f ixed  and one-half of which is  movable. 
r e a c t i v i t y  pos i t ion ,  t he  two port ions of t h e  seed a re  adjacent and the  f lux  is  
allowed t o  peak i n  the  seed, while i n  the low r e a c t i v i t y  pos i t i on ,  each 
port ion of t he  seed i s  surrounded by blanket and f l u x  peaking i n  the  seed i s  
less, 
leakage f r o m  the  seed region t o  t h e  blanket region and changes t h e  flux 
peaking i n  t h e  seed by ad jus t ing  the d i f fus ion  coe f f i c i en t s .  
are i n  progress t o  evaluate t h i s  simulation o f  va r i ab le  geometry, 

In t h e  high 

A new control  computation has been added t o  ALTHAEA which a l te rs  the  

Computations 

The SUPERCASE GENERATOR code, used t o  generate parameters f o r  r eac to r  burn 
up, has been modified f o r  use with the  plutonium recyc le  chain system. 
code is f ixed  so t h a t  the  programmer may determine whether it is used normally 
or i n  conjunction with t h e  recycle  system. 

The 

The values o f  enrichment for which reac tor  burn ups are t o  be run are 
determined by CHECKER, a subroutine of SUPERCASE GENERATOR. 
which CHECKER w a s  o r i g i n a l l y  programmed t o  s e l e c t  enrichment values  usual ly  
resu l ted  i n  a l a r g e r  number of long exposures than shor t  exposures, 
funct ion of  CHECKER has been changed so t h a t  t h e  burn ups can be more evenly 
d i s t r i b u t e d  over  a chosen range o f  enrichments; the  d i s t r i b u t i o n  is  la rge ly  
determined by the  programmer, 

The manner i n  

This 

VESTA - Fuel U t i l i za t ion  Code (formerly YUKON code) 

The VESTA code i s  being revised t o  allow a ‘pecking order ,”  or p r i o r i t y ,  
f o r  a l loca t ion  of t h e  plutonium ava i l ab le  a t  any time. For example, the  
plutonium can be used t o  feed fast  r eac to r  inventory as rapidly as poss ib le .  
I f  t he  plutonium avai lab le  a t  any time i s  i n  excess of  t he  requirements of 
fast  r eac to r s ,  excess can be used f o r  recyc le ,  However, i f  a d i f f e ren t  
pecking order  i s  desired,  then some plutonium can f irst  be used f o r  p a r t i a l  
recyc le  and the  remainder used t o  feed fas t  r e a c t o r s ,  

In conjunction with running VESTA s tud ie s ,  t h e  advanced design of the  1000 
he PWR has been simulated f o r  var ious amounts o f  both plutonium recycle  and 
uranium o r e  p r i ces  for use as input da ta  t o  VESTA, 
running these s t u d i e s ,  t he  Conservation program(1) has been added as a l ink  
of the  chain,  

A l s o ,  as a convenience i n  

The fue l  cos t  code QUICK i s  a l so  being a l t e r e d  t o  compute €uel exposures i n  
terms of  metric and Br i t i sh  un i t s .  The jacke t ing  and separa t ions  cos t s  can 
be entered with f ixed and va r i ab le  components- 
can be derived f o r  recovery of  special  products such as decay heat  isotopes.  
The PROTEUS cost  code which converts zero-dimensional MELEAGER da t a  i n t o  
approximate one-dimensional form t o  simulate t h e  graded cycle  has been a l t e r ed  
f o r  l imi t a t ions  i n  t h e  number of  poss ib le  fuel  movements during a fue l  
element lifetime 

A f ixed and var iab le  cos t  

( I )  M ,  F ,  Kanninen, “Fuel - Conservation i n  Thermal Reactors“, tlW-79287-RD 
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The Preliminary Safeguards Analysis, High Temperature Lattice Test Reactor, 
IN-82372, was issued and t ransmit ted t o  t h e  Richland Operations Office of  
the  AEC f o r  review. 
Laboratories staff met i n  Washington f o r  an informal review with the  
Division of  Reactor Development s taff .  

A t  the  request of  t he  AEC, members of t h e  IIanford 

Agreement has been reached w i t h  the AEC on operat ing sa fe ty  limits f o r  t h e  
PRTR. These have been o f f i c i a l l y  t ransmit ted from the Richland Operations 
Office t o  General E l e c t r i c  i n  a document dated June  1, 1964. 

Manager -P rogrammi n g L/ 

FW Woodf i e l  d: bwc 
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A. ORGANIZATION AND DERSrlNNEL 

D. C. Carl, rormerly of In t e rna l  Dosimetry, terminated .Tune 26. P, L. 
Sheldon t ransfer red  from In te rna l  Dosimetry t o  Biology e f f e c t i v e  June 8. 
R. L. Farber t ransfer red  t o  In t e rna l  Dosimetry from Technical Informa- 
t i on  e f fec t ive  ,June 4, H, l ,  Paas, .h0,  Radiological Development and 
Calibrations,, terminated ,June 3.  
t i ona l  a s s i p m e n t  in  RDCO. 
Dosimetry .June 26. 
and Evaluation t o  Reactor Vetals Research e f f e c t i v e  .June 15, Alice L o  
Didier,  Secretary,  Radiation Protect ion,  terminated June 1 2 .  
f i l l e d  the  vacancy. 

Tech Crad R, W. Hardie accepted ro ta -  
I .  W. White terminated from External 

R,  C. Lawrence t ransfer red  from Environmental Studies  

Nadene ved 

. B, ACTIVITIES 

Occupational Exposure Exnerience 

There were no new plutonium cases confirmed by mecia1 bioassay ana lys i s  
during the  month. The t o t a l  number of individuals  who have received in-  
t e r n a l  plutonium deposi t ions a t  Hanford i s  344, 
of one employee and the  termination o f  t h ree  o the r  employees havinc con- 
firmed plutonium deposi t ions,  there  are cu r ren t ly  245 emuloyed a t  
Hanf ord, 

With t h e  r eac t iva t ion  

In June the re  were e ight  inc idents  involvina f i f t e e n  employees which 
required spec ia l  bioassay sampling f o r  plutonium analys is ,  
ing are b r i e f  descr ip t ions  of t he  more s ign i f i can t  incidents :  

The follow- 

A COD maintenance employee received a c u t  on h i s  r i g h t  index 
f inge r  while working with a s tee l  cable  i n  a hood i n  the  Plu- 
tonium Pur i f i ca t ion  and Fabrication Buildinq (234-5) No con- 
tamination could be detected on the sur face  o f  the  wound and 
an examination, using the plutonium wound counter,  indicated 
less than the  de tec t ion  leve l  o f  1 x loe4  U C i  a t  t he  wound s i t e ,  

Two CPD employees were ex?osed t o  high air-borne concentrations 
of plutonium when a f i r e  occurred i n  a dissolving hood i n  the  
plutonium Pur i f ica t ion  and Fabrication Building (234-5). nne 
employee received extensive skin contamination o f  20,000 t o  
40,000 d/m and nasa l  contamination as indicated by smears o f  
3000 and 4200 d/m, The second person received contamination 

UNCLASSIFIED 



UNCLASSIFIED G-2 HW - 83 000 

up t o  1000 d/m on the  face and h a i r  and nasa l  contamination in-  
dicated by smears of 600 and 800 d/m. 
decontaminated before going home. 

Both employees were 

A CPD 
4 x 10 d/m on the  middle f inger ,  l e f t  hand when a hood glove 
ruptured while working with plutonium f luor ide  i n  the  Plu- 
tonium Pur i f ica t ion  and Fabrication Building (234-5). The 
contamination was immediately reduced t o  less than detectable  
leve ls .  

i p e f i t t e r  received skin contamination i n  excess of t 

A CPD operator  received a puncture wound on h i s  r i g h t  thumb 
on 6-16-64 while working a t  a leaching hood i n  the  Plutonium 
Purif icat ion and Fabrication Building (234-5) 
o f  5000 d/m a t  the  wound s i t e  was reduced t o  1000 d/m. Ex- 
amination of the thumb, using the  plutonium wound counter, 
indicated 3 x lom4 p C i .  
case of  =l% of the  maximum permissible body burden (MPBB plu- 
tonium with bone as a reference i s  0.04 p C i ) .  

Contamination 

The employee i s  a previous deposit ion 

A CPD u t i l i t y  operator  received a puncture wound on the  palm 
of  h i s  r i gh t  hand on 6-19-64 while working i n  the  Incinerat ion 
Building (232-2) External contamination a t  t h e  wound s i t e  
was removed immediately. An examination o f  t he  palm, using 
the plutonium wound counter, indicated 2 x V C i .  After 
excision at GE F i r s t  Aid S ta t ion ,  a recount indicated less 
than the detect ion l i m i t  of 1 x 
a previous deposit ion case. 

p C i o  The employee i s  not 

Six CPD employees received extensive skin contamination up t o  
40,000 d/m plutonium while changing a process exhaust f i l t e r  
i n  the  Plutonium Pur i f ica t ion  and Fabrication Building 1234-5) 
Nasal contamination was indicated by smears up t o  3000 d/m. 
A l l  employees were successful ly  decontaminated. 

In addi t ion t o  the  inc idents  involving plutonium, the re  were four inc i -  
dents involving nine persons t h a t  required evaluation for poss ib le  intake 
of o the r  radioisotopes,  None of  these  incidents  r e su l t ed  i n  any s i g n i f i -  
cant deposit ion.  

There was one incident  of spec ia l  i n t e r e s t  involving exposure t o  an 
employee from an external  rad ia t ion  source. 
by a CPD laboratory employee for a period up t o  one hour was la te r  
found contaminated, The dos,e t o  a local ized sk in  area, based on a f i l m  
study o f  the  covera l l s  and a one-hour exposure per iod,  was 70 rads ,  in-  
cluding 0,s Roentgens, 

Protect ive c lo th ing  worn 
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Environmental Experience 

The two swamps t h a t  rece ive  process cooling water from t h e  Purex Plant 
became contaminated on June 12, as a r e s u l t  of t h e  f a i l u r e  of a cooling 
c o i l  i n  a concentrated waste sampling tank F-15. Current estimates in- 
d i c a t e  t h a t  some 10,000 cu r i e s ,  pr imari ly  Zr-NbgS, Ce141-144, and Ru103, 
entered t h e  swamps. 
access t o  the  swamps has been cont ro l led  t o  l i m i t  exposure t o  personnel. 
New d i tches  leading t o  t h e  swamps are being excavated and t h e  contamina- 
t i o n  i n  t h e  old d i t ches  covered with b a c k f i l l .  
t h a t  might car ry  the  contamination of f -pro jec t  are not  migrating through 
t h e  area a t  t h i s  season, and cont ro l  measures t o  prevent t h e i r  contami- 
nat ion should be completed before the  f l i g h t s  arrive.  

The r ad ioac t iv i ty  has remained i n  t h e  swamps and 

Transient waterfowl 

The emission rates of  f i l t e r a b l e  gross  beta  materials from the  Purex 
Plant  stack increased during the  last week of  t h e  month t o  0 , l  t o  0 , s  C i  
per  day, The normal f i l t e r a b l e  gross  be ta  material emission ra te  is 

cant environmental contamination. 
t o  C i  pe r  day, The current  rates w i l l ' n o t  r e s u l t  i n  s i g n i f i -  

The average concentrations of f a l l o u t  materials i n  t h e  a i r  of t he  Pac i f i c  
Northwest was 1.9 p C i  B/m3 -- not s i g n i f i c a n t l y  d i f f e r e n t  from last  month, 

Studies  and Improvements 

A summary of  t h e  i n t e r n a l  dosimetry aspects  of  handling Am241 was pre- 
pared. Br ie f ly ,  t h e  following poin ts  were made: 

1. Am241 behaves b io log ica l ly  similar t o  plutonium, 

2 .  Because of  its subs t an t i a l ly  higher  s p e c i f i c  a c t i v i t y  it is ,  on a 
gram-for-gram bas i s ,  about 40 times as rad io toxic  as plutonium, 
thus making it one of t h e  most rad io toxic  materials ever t o  be pro- 
duced i n  any s ign i f i can t  quant i ty  a t  Ilanford. 

3,  Due t o  t h e  high s p e c i f i c  a c t i v i t y  and r a the r  high so lu t ion  concen- 
t r a t i o n s  l i k e l y  t o  be encountered, contaminated i n j u r i e s  are 
p o t e n t i a l l y  very se r ious ,  

Air contamination following a s p i l l ,  p a r t i c u l a r l y  o f  a dry Amz4' 
powder, could be exceedingly high (about 50 times as high as an 
equivalent  weight amount of plutonium), thus posing a severe 
inha la t ion  hazard,, 

4 ,  

Routine bioassay schedules were es tab l i shed  f o r  a l l  personnel involved 
i n  americium processing, 

UNCLASSIFIED 
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~n experiment was designed t o  measure a number o f  important parameters 
in  the  plutonium u r ina lys i s  techniques, 

1. Degree of cor re la t ion  of r e s u l t s  obtained using t h e  rapid ana lys i s  
technique w i t h  t h a t  obtained using the  standard electrodeposi t ion 
and autoradiography ana lys i s  technique. 

These include: 

2. Yields obtained by both methods. 

3. Reproducibility of  both methods, 

4 .  
- 

Correlation between counting r e s u l t s  u t i l i z i n g  the  
gas proportional alpha counters,  and with the  same 
by alpha t rack  microscopy techniques. 

low background 
samples counted 

Radiological Physics Operation turned over t he  new phosphorous-32 be ta  
counter t o  ID0 during the  month. 

Two new plutonium wound counters were b u i l t  using a new type photo- 
mul t ip l i e r  tube. 
counters because of the  lower voltage which can be used and the  higher  
gain,  Ef f ic ienc ies  were measured a t  -191, as  compared t o  -15% f o r  t h e  
old counters,  

These counters a r e  superior  t o  the  o lde r  wound 

The ven t i l a t ion  system for Project  CAH-119 - PRTR Storage Basin and 
Experimental F a c i l i t i e s  Modification was reviewed on several  occasions. 
The design progressed through several  major changes before general  
agreement was reached, Basically, t he  system i s  a conventional ch i l l ed  
a i r  supply exhausted through high ef f ic iency  f i l t e r s  and through t h e  
ex i s t ing  PRTR stack,, 
minimum acceptable f o r  t he  f a c i l i t y .  

Ten a i r  changes per hour was spec i f ied  as t h e  

The behavior of portable  rad ia t ion  monitoring instruments when exposed 
t o  0 , l  Usee duration Flash X-ray rad ia t ion  pulses  was s tudied ,  The in-  
struments examined t o  date ,  CP, TPC, HPC and .]uno gave a f u l l  scale 
meter def lec t ion  immediately following the  rad ia t ion  burs t  The meters 
remained in  the  f u l l  scale posi t ion €or  times varying from several  
seconds t o  near ly  30 seconds, In the  tests completed t o  date ,  in te -  
grated doses of  1 R and 25 mR were used. 
t inued u n t i l  t he  performance of a l l  instruments is  determined. 
report  of  the  response w i l l  be prepared, 

The a i r  samples co l lec ted  on HV-70 f i l t e r  paper and counted with the  
surface b a r r i e r  de t ec to r  were analyzed for t o t a l  plutonium content by 

The test  program w i l l  be con- 
A complete 
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a1 plutonium 
content can be used t o  determine the  correct ion f ac to r s  necessary t o  de- 
termine plutonium a i r  sample concentrations when u t i l i z i n g  the surface 
b a r r i e r  detector .  The de tec tor  used showed about a 36 per  cent geometry 
when counting plutonium pla ted  on a s t a i n l e s s  steel disk.  
laboratory ana lys i s  f o r  the  a i r  samples, t h e  de t ec to r  showed 17 t o  20 
p e r  cent geometry for  t h e  s i x  samples; t h e  d i f fe rence  being a combination 
of t h e  backscat ter  from the s t a i n l e s s  p l a t e  and t h e  self-absorption of 
t he  f i l t e r  material ., 

Using the  

Several neutron exposures completed i n  April were read t o  determine the  
dose re ten t ion  proper t ies  of  t h e  thermoluminescent dosimeters (TLDOs). 
The dosimeters t h a t  showed a pos i t i ve  r e s u l t  had a s e n s i t i v i t y  of about 
0.5 reader u n i t s  pe r  rad,  e s s e n t i a l l y  the  same as previously reported 
for dosimeters read immediately af ter  exposure. These dosimeters were 
held about s i x  weeks before readout. Several  s e t s  of  TLD's exposed t o  
50 mrads did not  y i e ld  a pos i t i ve  r e su l t .  The dosimeters i n  t h i s  test  
were a l l  50 mg samples of Li'F. 

Several new f i s s ion  f o i l s  su i t ab le  f o r  use w i t h  the  f i s s i o n  fragment 
neutron de tec tor  were prepared by Plutonium Metallurgy, 
provided na tura l  and 95% enriched uranium oxide permanently bonded w i t h  
a resinous mater ia l  t o  prevent contamination spread. 
uranium t o  about 80 mg/cm2 gave the  bes t  r e su l t s .  Accelerator t e s t s  a t  
neutron energies  between 0,25 MeV and 1 ,4  Mev indicated t h a t  95% 
uranium-235 f o i l s  produced about one t rack  per  op t i ca l  f i e l d  of view 
f o r  a dose of  0 , l  rads. 

These samples 

Foi l s  containing 

The 300 Area Emergency Plan was revised t o  r e f l e c t  changes i n  pol icy 
and t o  c l a r i f y  emergency act ion t o  be taken by personnel i n  the  300 Area 
i n  t he  event of a ser ious  accident.  

A l l  exposure records f o r  GE employees from the  s tar t  of  t he  p lan t  t o  
January 1, 1964 have been microfilmed and placed in  individual microfilm 
jackets. This represents  a t  least 20,000 individual  employee records, 

Research Studies  

Effect of Reactor Effluent on the  Quality o f  Columbia River Water (02) 

The flow of t h e  r i v e r  was subs t an t i a l ly  higher t h i s  month than a t  any 
o the r  time s ince  t h i s  study began. Temperature t raverses  were, therefore ,  
repeated a t  se lec ted  locat ions t o  develop da ta  on t h e  va r i a t ions  i n  tem- 
pera ture  t h a t  e x i s t  across  the  r i v e r  a t  such high flow r a t e s  and g rea t e r  
widths, 
within the  e f f luen t  ttbubblestf and plumes, 

Additional measurements were a l so  obtained on the  temperatures 
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Mechanisms of Environmental Exposure (02) 

Work continued on the  preparation of  a da ta  f i l e  t h a t  w i l l  allow EDP 
cor re la t ion  of whole body counting da ta  with d i e t a ry  information. 
About 2500 events w i l l  be included in  the  f i l e  and it i s  apparent t h a t  
i ts use can be extended t o  numerous o ther  s tud ies  t h a t  involve body bur- 
dens as measured by the whole body counters,  

Preparations were begun f o r  a study of the  population t h a t  l i v e s  on 
farms i r r i g a t e d  w i t h  Columbia River water j u s t  upriver  from Pasco, 
Volunteers from the  se lec ted  population w i l l  be given whole body counts 
and asked t o  complete questionnaires in  order  t o  develop information on 
the  use of water and foods, and metabolic da ta  on Zncs0 

Nuclear F a c i l i t y  Monitoring Guide (04) 

In order  t o  obtain f i r s thand  information on the  e f f luen t  monitoring 
programs now i n  place a t  representat ive power reactors, f i v e  such fa -  
c i l i t i e s  i n  the  U. S o  were v i s i t e d ,  
these f a c i l i t i e s  provides valuable guidance t h a t  w i l l  be incorporated 
i n t o  the  manual, 

The experience gained thus far a t  

C. RELATIONS 

There were no minor i n j u r i e s  and no secu r i ty  v io l a t ions  during t h e  month. 

Two suggestions were received and three  suggestions evaluated and adopted. 
. Four suggestions remain outstanding, 

Training t a l k s  on exposure standards,  'operat ional  controls ,  and rad ia t ion  
protect ion p rac t i ces  were presented t o  several  groups throughout t he  
month, A t r a in ing  b u l l e t i n  on the physical and b io logica l  p rope r t i e s  of 
t r i t i um and the rout ine t r i t i um monitoring program was prepared and d i s -  
t r i bu ted  t o  PRTR rad ia t ion  monitoring personnel. 

Refresher course t r a in ing  i n  emergency monitoring was conducted for per- 
sonnel a t  t he  Central  and the  200 West Area F i re  S ta t ions .  Radiation 
protect ion o r i en ta t ion  l ec tu re s  were presented t o  new personnel of t h e  
various Hanford components, 

D o  SIGNIFICANT REPORTS 

HW-SA-3318 = vsEnvimnmental Evaluation of An Acute Release of  1-131 t o  
the  Atmosphere" by 9, K O  SoPdat, June 90, 1964, presented 
a t  t he  Health Physics Society Meeting, June 15-18, 
Cincinnati  Ohio 

UNCLASSIFIED 
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HW-SA-3517 - "In terpre ta t ion  of  Whole Body Counter and Bioassay Data i n  
Assessment of  Environmental Radiation Exposureff by I. C. 
Nelson and R. F. Foster,  ,June 18, 1964, presented a t  the 
Health Physics Society MeetinR, ,June 15-18, Cincinnat i ,  
nhio 

HW-SA-3525 - "Neutron Spectrum Measurements a t  Hanford Work Locations" 
by r;. W. q ,  Endres, May 15, 1964, presented a t  the Health 
Physics Society 'Fleeting, .June 15-18, Cincinnat i ,  nhio. 

HW-SA-3526 - T h e  S ta tus  of N e w  Personnel Neutron Dosimetry Development" 
by C ,  M, Unruh, May 15, 1964, presented a t  t he  Health Phy- 
s i c s  Society Meeting, .Tune 15-18, Cincinnat i ,  Ohio, 

HW-SA-3559 - "The Hanford Mobile Whole Body Counter" by D. N .  Brady 
and F. Swanberg, June 1, 1964, presented a t  t h e  Health 
Physics Society bbeting, June 15-18, Cincinnat i ,  Ohio. 

HW-82705 - "A Review o f  t h e  .4 i r  Monitoring Program a t  the  PRTR" by 
D, McConnon and K. B o  Turner, ?lay 15, 1964. 

HW-80892 5 - "Radiological S t a tus  o f  t h e  Hanford Environs for May, 1364" 
by R e  F, Foster ,  June 16, 1964. 



HW = 83 00 0 Lrn s LAS s i F I ED C-8 

Current Year t o  
Month Date E n e r n t i l  Exposure Above Permissible L i n t s  

A 

0 
0 

Whcle Body Fenctrat;ng 
Whole Eody Skin 
Ext reml;y 

Hanford Pocket Dosimeters 

7,556 28,140 Dosimeters Processed 

Hmiord Seta-gamns Film Badge Dosimeters 

Film Processed 
Results = :00=300 mrads 
Results 6 300=500 mads 
Results = Over 500 mrads 
Lost Results 
Average Dcse Per Film Packet - mad (OW) 

m r  ( 8 )  

3,846 
12 3 
14 
11 
2 
1302 

705 

52,657 
881 
102 
38 
39 
705 
42,2 

Hanford F i i m  Badge Dosfmet.ers 

Slow Neutron 

264 

0 
0 
0 

A 

4,044 
25 
29 
5 
5 

F i b  Processed 
Results = 50-100 mrem 
Results = 100-300 m r e m  
Results = mer 300 m r e m  
Lost Read;ngs 

Fas: Neutron 

3,680 
95 

256 
4 .  
3 

i ,321 
31 
68 
0 
0 

F;lm Prcressed 
Rzsul t s  = 50-100 mrem 
Results - 1C0-30C m r e m  
Resuits - Over 30C mem 
Lost Res;;, t s 

Hand Checks 
I 

Chezks Taken = alpha 
beta-gamma 

41 9 944 
62,941 

224 30i 
338,009 

Skin Contamination 

45 
49 
0 
0 
0 

138 
30L 
8 
0 
0 

Flutonium 
Fission Produe ts 
UPaniUnl  
Tritim 
T h O P i U I U  
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Whole Body Counter 

Subject 

GE Employees 
Regular 
Incident Cases 
Terminat ions  
New H i r e s  
Spec ia l  Studies 

Non-Employees 

Tota l  

Bioassay 

Analysis 

Plutonium 
Fiss ion  Prod, 
Strontium 
T r i t i u m  
Uranium 
Specia l  Studies 

Number of Examinations 
Mobile WBC 1964 747-A WBC 1964 

63 
6 
51 
91 

0 

227 

16. 
- 

Current 
Reporting L i m i t  

2.2XlO-8 pc/sam 
3.1xl0'5 pc/sam 
3.1~10'5 pc Isam 
5.0 w / l  
0.14 ugm/l 

Cal fb ra t i  ons 

Portable Instruments 

CP Meter 
Juno 
GM 
Other 
Audits 

Tota l  

Personnel Meters 
Beta-gasuna film 
Rings 
Other film 

Tota l  

Miscellaneous Spec ia l  Services 

Tota l  Number of Cal ibra t ions  

253 58 
62 2 
107 0 
195 0 
53 0 

0 21 

691 60 

- - 

Results Above 
Reporting Limit 

0 0 
0 11 

419 1204 
0 0 
0 0 

568 
7 
0 
0 
10 

0 - 

Samples Assayed 
June 
517 

0 
0 

504 
174 
0 

- 

Number of Units Calibrated 
1964 June - - 

1124 6543 
273 1612 
521 3160 

627 
238 1429 
104 
2260 13,371 

- - 

1632 
45 - 516 

2193 

5354 
480 
1806 
7,640 
7 

12 5 1,147 

4578 22,158 

0 
60 

1714 
1032 
164 

1 2 3 1 4 1 1  
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Ik-.-i r omen t a1 Monitoring 

Samples 

Air 
F i  It e r s  
Scrubbers 

Water 
Raw 
Sanitary 
Process 

Vegetation 
Test Wells 
Fish 
Food Products 
Beef Thyroids 
Waterfowl 

Measurements 

Control P l o t s  
Aerial Monitoring 
I onf za t  f on Chambers 

G-10 

June - 1964 

347 2040 
288 1455 

55 262 
104 508 
25 140 

158 643 
232 1570 
147 726 
73 296 
56 265 
19 96 

58 341 
2 10 

205 1390 

HW - 83000 

/ RADIATIOR PROTECTION 
AR Keene:CMU:np 
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FINANCE AND ADMINISTRATION 

HW-83000 

ACCOUNT I N G  

Cost Accounting 

The Hanford Laborator ies '  operating budget was adjusted during the  month t o  
r e f l e c t  changes i n  the  AEC Financial  Plan,  t r ans fe r s  between HAP0 components, 
and t h e  carry-over of funds on o f f - s i t e  work t o  FY 1965. The program adjust-  
ments a r e  as follows: 

(Dollars i n  thousands) 

02 Program 
Ht Plutonium Nuclear Safety 
IPD Sponsored Reactor Program 

04 Program 
I r r a d i a t i o n  Damage t o  Reactor Metals 
Nuclear F a c i l i t y  Monitoring Guide 
Fueled Graphite Studies  
Waste S o l i d i f i c a t i o n  Engineering 

Prototype 

07 Program 
Major Conference Displays 

Off-Site Work 
NASA Programs 
AEC-AECL Cooperative Program 

Previous Increase New 
Budget (Decrease) Budget 

$ 538 $ (20) $ 518 
335 16 351 

1 631 

2 20 (66) 154 

1 637 (6) 
20 (8) . 12 

6 7 3  40 7 13 

-- 1 7  17 

The Harrford Laboratories '  booklet e n t i t l e d ,  "Summary of Budget f o r  FY 1966 
and Revision of Budget f o r  FY 1965" was published i n  June. 

An increase of $40,000 f o r  Miscellaneous Capi ta l  Work Orders was authorized 
f o r  Hanford Laboratories i n  June, increasing t h e  t o t a l  FY 1964 a l loca t ion  t o  
$407 , 000. 

A spec ia l  accounting code was es tab l i shed  during June fo r  the a c t i v i t y  des- 
cr ibed below: 

.2H - Densi f ica t ion  of MgO and U02 by Penumatic Compaction f o r  APED - 
c o s t s  a r e  estimated a t  $1,185 f o r  t h i s  job u t i l i z i n g  the  Dynapak 
eq u i pme n t . 

UNCLASSIFIED 
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General Accounting 

All working copies of Contract AT(45-1)-1350 in the hands of Hanford Labora- 
tories' personnel were recalled and returned to Contract and Accounting 
Operation. New copies, incorporating all changes to date, including Supple- 
ment 2 effective July 1, 1964, were issued to the Manager-Hanford Laboratories, 
the Manager-Finance and Administration, and the Manager-General Accounting. 
Copies of Appendix **Bl' are now held by the above and by the Specialist-Personnel 
Accounting. 

Following is the status of letters requesting AEC concurrence in proposed 
act ions : 

AT-347 Participation in Standardizing Activities - American Approved 
6-5-64 Society for Testing and Materials - Task Group 

E-2/VI - ROY KO 
AT-348 Panel of Experts - Food and Agriculture Organiza- Ap p roved 

tion of the United Nations - R. F. Foster 6-4-64 

The following revised OPGs were issued during the month of June 1964: 

Title - OPG No. 

22.3.1 Approval Authorizations 
3 . 1 . 8  Suggestion Plan 
7 . 5  Reporting Violations of Federal or 

AEC Security Regulations 

Hanford Laboratories' net material investment at June 1, 1964 totaled $28.9 
million as detailed below: 

(In thousands) 

SS Material $27 383 
Reactor & Other Special Materials 1 269 

Yttrium 
Spare Parts 3 53 

Sub t ot a1 
26 

29 031 

Reserve: Spare Parts $87 
Yttrium - 26 (113) 

Net Inventory Investment $28 918 

UNCLASSIFIED 
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The cumulative value of nuclear mater ia l  consumed i n  research by Hanford 
Laboratories during FY 1964 (.at June 1, 1964) i s  a s  follows: 

02 Program $ 84 679 
03 Program 291 519 
04 Program 482 844 

Tota l  $859 042 

The s t a t u s  of Hanford Laboratories '  heavy water inventory at ' .June 30, 1964 
i s  as follows: 

Current Month 
Pounds Value 

M t o  Date 
Va 1 u e  - Pounds 

Beginning balance 
Acquisit ions 
Scrap r e tu rns  
Consumptions -1) 

PRTR: Loss 

PRCF: LOSS 

All Others: Loss 

Scrap 

Scrap 

Ending balance 

53 683 $ 717 601 29 774 $ 400 600 
54 890 755 988 

(20 611) (256 234) (39 702) (497 174) 

(700) (9 681j  (12 310) (169 753) 
(4 966)  (38 514) 

B 245) (3 369) 
(574) 

(35) (484) 

32 372 - $ 446 720 32 372 - $ 446 720 

(1- Consumption - scrap r e f l e c t s  amount charged t o  operating cos t  only. 

(2- lncludes 2.776 pounds of heavy water scrap valued a t  $32,822. 

A b i l l i n g  was submitted t o  Savannah R i v e r  Operations Off ice  f o r  the  June 22 
shipment of heavy water cons i s t ing  of 20,611 pounds with a fund value of 
$256,234 and a nonfund value of $127,266. 

C e r t i f i c a t i o n  inventory r epor t s  f o r  the physical inventory of Reactor and 
Other Special  Materials f o r  t he  period ending June 30, 196b were prepared 
and submitted t o  mater ia l  holders f o r  completion and c e r t i f i c a t i o n .  Upon 
r ece ip t  of the  requested information and reconci l ia t ion  with inventory 
records,  a repor t  of r e s u l t s  w i l l  be issued.  

'Unitization r epor t s  were prepared and issued on the  following pro jec ts :  

CAH-958 Plutonium Fuels Test ing and Evaluation Laboratory - $129 830 
308 Building 

CGH-992 Additional Fuel Loading Equipment - 308 Building 1 7 0  790 
CAH-995 A i r  Conditioning Modification - 309 Building 52 107 

.- 2) 

$352 727 

I 2 3 1 4 2  I UNCLASSIFIED 
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Laboratory Storage Pool a c t i v i t y  i s  summarized as  follows: 

Cur r e n t Month FY t o  Date 
Quantity Value Quantity Value 

Beginning balance 
I t e m s  received 
I t e m s  reclaimed by custodians 
Equipment t ransfer  s 
Items disposed of by PDR 
Items disposed of by excessing 

Ending b a1  ance 

1 858 $1 522 499 1 480 $ 811 520 
409 173 488 2 3% 1 486 147 

(33)  (11 073) (374) 

(83) (106 551) (934) 

(41  696) (289) (135 415) 
(15L 783) 

(43 096) (210) (56 360) 
(457 538) 

(90) 

(34) 

2 027 $1 493 571 2 027 $1 L93 571 -1)  - 
(1- Includes 184 items valued a t  $116,669 on loan a t  June 30, 1964. 

Loans & Transfers i n  
L i e u  of Purchases 

Loans 
Transfers 

To ta l  

Operating Costs (5-31-64) 

Current Month FY t o  Date 
Quantity Value Quantity Value - 

19 1 $ 89 011 1 214 $ 515 6D1 
15L 783 374 - 33 11 073 - 

- $ 100 084 1 588 
i - 224 - 

s 1 165 

The value of loans and t r ans fe r s  from the  Laboratory Storage Poo l  i n  l i e u  of 
purchases, less operating cos t s ,  s ince  inception i s  as  follows: 

FY 1960 
N 1961 
FY 1962 
FY 1963 
FY 1964 

$ 6 673 
66 204 
95 957 

185 185 
653 620 

To ta l  $1 007 639 

To ta l  bu i ld ing  investment i n  
the  Pool f a c i l i t y :  $ 132 273 

The value of mater ia l  and equipment i n  custody of t he  Laboratory Storage Pool 
a t  June 30, 1964 t o t a l e d  $2.5 mi l l i on  a s  de t a i l ed  on the  following page: 

UNCLASSIFIED 
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Equipment $1 493 571 
Reactor & Other Special Materials 329 882 
SS Materials 154 800 
Other Materials 481 076 

Total $2  459 329 

A Construction Completion and Cost Closing report was issued on Project 
CGH-999, Plutonium Recycle Critical Facility Conversion to Light Water, 

The following contracts were processed during the month: 

CA -447 E. C. Lingafelter 
DDR-110 Suppl. Battelle Memorial Institute 
DDR-188 
SA -352 * Ganders' Aircraft Repair 
SA -353 Penberthy Electromelt Company 

Precision Welder and Flexopress Corporation 

Personnel Accounting 

The following patent awards were made during June: 

J. J. Hauth ) 
C. H. Bloomster) 
D. F. Carroll ) 
L. E. Mills ) 

D, W. Brite ) 
K. R. Sump 1 

D. C. Worlton 

L. A. Bray 1 
F. P. Roberts ) 

G. E. Benedict 

W. L. Bunch 

HWIR 1644 "Hot Wire" Heterogeneous Enrichment of Ceramic 
Fuel Elements. 

HWIR 1616 Fabrication of Dispersions by High Energy Rate 
Impaction. 

HWIR 1522 A Method of Employing Sonic Vibrations to the 
N Fuel Closure Process. 

HWIR 1658 Separation of Rare Earth from Cerium. 

HWIR 1607 Preparation of Certain Metal Oxides and Mixed 
Oxides by Electrodeposition from Volten Chloride 
Salt Solutions. 

HWIR 967 Taper Bored Shield Sleeves for Reactor Entries. 

Personnel stat is t ics follow: 

UNCLASSIFIED 
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Employee Changes 

Employees at beginning of month 
Additions and transfers in 
Removals and transfers out 

Employees on payroll at end of 

Overtime Payments During Month 

Exempt 
Nonexempt 

Total 

Gross Payroll Paid During Month 

Exempt 
Nonexempt 

Total 

Participation in Employee Benefit 
Plans at Month End 

Pension 
Insurance Plan - Personal 

U. S .  Savings Bonds 
- Dependent 

Stock Bonus Plan 
Savings Plan 
Savings and Security Plan 

Good Neighbor Fund 

Insurance Claims 
Employee Benefits 

Life Insurance 
Weekly Sickness & Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

month 

Total Exempt Nonexempt 

1 795 804 991 
68 42 26 

19 13 32 

1 004 1 831 

- 
- - 82 7 - - 

June May - 
$ 7 084 $ 3 751 

35 023 22 371 

$ 42 107 

$ 810 453 $ 795 560 
747 970 584 109 

$1 558 423 $1 379 669 

June May 
Number Percent Number Percent 

1 676 
403 

1 393 

149 
68 

1 226 
1 307 

Number 

2 
9 
57 

135 

203 

- 
- 

99.3 

99.8 

34.8 
3.7 
87.6 
71.5 

Amount 

$35 329 
793 

4 001 

12 621 

$52 744 - 

1 627 
392 

1 391 

147 
69 

1 232 
1 287 

Number 

0 
11 
60 

150 

221 

- 
5D 

99.6 

99.9 

36.3 
3.8 
88.4 
72.8 

Amount 

$ -0- 
1 004 
4 201 

13 811 

$19 016 - 
UNCLASSIFIED 
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TECHNICAL ADMINISTRATION 

Requisit ions f o r  13 nonexempt employees were f i l l e d ;  2 1  remain t o  b e  f i l l e d .  

Suggestion Plan a c t i v i t y :  

Suggestions received 29 
Suggestions adopted 23 
Suggestions r e j ec t ed  20 
Suggestions i n  process 98 

V i s i t o r s  Center a c t i v i t y :  

June attendance 4 113 
Average attendance per  day open 147 
Cumulative attendance s ince  6-13-62 7 1  921 
Conducted groups 9 ( t o t a l i n g  149 people) 

Celebration of the  second anniversary of the V i s i t o r s  Center June 1 2 ,  13, and 
14, was highly successful  - 1,404 people a t tended.  

Plant  tour  a c t i v i t y :  
Number To ta l  People 

General publ ic  r e l a t i o n s  tours  
Special  tours  

5 84 
2 22 

Other 

40,000 people v i s i t e d  the Richland booth a t  the Washington Community Fes t iva l  
i n  S e a t t l e  t o  which w e  furnished t h e  manipulator, four  display panels ,  and 
l i t e r a t u r e .  

Overall r e c r u i t i n g  r e su l t s  f o r  June a re  a s  follows: 

Offers extended 
Offers accepted 
Offers r e j ec t ed  
Added t o  r o l l  

14 
13 

7 
26 

Advanced Degree - Eleven Ph.D. appl icants  v i s i t e d  HAP0 f o r  employment i n t e r -  
views. Seven o f f e r s  were extended; f ive  acceptances and f i v e  r e j ec t ions  were 
received. Five o f f e r s  a r e  cur ren t ly  open. 

UNCLASSIFIED 
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BS/MS (Direct Placement) - Five o f f e r s  were extended. 
one r e j ec t ion  were received. 

Six acceptances and 
There are no o f f e r s  cu r ren t ly  open. 

BS/MS (Program) - Two o f f e r s  were extended. 
one re jec ted .  

Technical Graduate Program - Fourteen Technical Graduates were placed on 
permanent assignment. 
terminated from the  r o l l  

Two o f f e r s  were accepted and 
Four o f f e r s  a r e  current ly  open. 

F i f t een  new members were added t o  t h e  r o l l  and none 
Current Program numbers 46. 

FACILITIES ENGINEERING 

A t  month 
p ro jec t s  
t o t a l  es 

end, F a c i l i t i e s  Engineering Operation was responsible f o r  11 ac t ive  
having t o t a l  authorized funds i n  the  amount of $10,520,500. 

timated cos t  of these p ro jec t s  i s  $11,308,500. Expenditures through 
The 

May 31, 1964 were $3,495,665. 

The following summarizes p ro jec t  a c t i v i t y  i n  June: 

Authorized p ro jec t s  a t  month end -----.---------------------- 11 

New p ro jec t s  submitted t o  the  AEC i n  June ------------------ 1 
CAH-151, Off ice  Addition - 308 Building 

N e w  p ro j ec t s  awaiting AEC approval . . . . . . . . . . . . . . . . . . . . . . . . .  3 
CAH-114, C r i t i c a l  Mass Laboratory Addition 
CAH-123, Laboratory F i r e  Protect ion System 
CAH-146, Atmospheric Physics Building 

Project  proposals being prepared . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Geological and Hydrological Wells - FY 1965 
Variable Spectrum Test Reactor 
Power Supply f o r  High Power Welder 

Project  proposal returned unapproved . . . . . . . . . . . . . . . . . . . . . . .  1 
CAH-128, Heat Transfer Apparatus f o r  Model Studies 

The s t a t u s  of ac t ive  p ro jec t s  follows: 

UNCLASSIFIED 
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CAH-916 Fuels Recycle P i l o t  P lan t  

Construction i s  59 percent complete compared t o  a scheduled 4 3  percent.  F i r e  
p ro tec t ion  and spr inkl ing piping a r e  being i n s t a l l e d  Scainless  s teel  l i n e r s  
are being placed i n  two v a u l t s .  
C o l d  Canyon wal ls  Vent i la t ion ductwork i s  being i n s t a l l e d  E l e c t r i c a l  con- 
d u i t  i s  being run throughout the  bui lding 
one-fourth of the  Hot P i l o t  Cel l s  'The prefabrlcated metal wall  l i n e r  forms 
f o r  the  Metallurgy Ce l l s  a r e  being set i n  place 

Metal wall  panels a r e  being placed on the  

Concrete has been poured f o r  about 

CAH-962 Low Level Radiochemistry - B u i l d i 3  

Construction i s  s i x  percent complete and on schedule. Pouring of the  base-  
m e n t  walls and f loo r  is about LO percent complete About 70 percent of the 
underfloor piping and e l e c t r i c a l  conduit have been i n s t a l l e d .  Work or1 the  
basement waLls was delayed two weeks while awaiting del ivery of two sump 
tanks chat were to b e  buried near the wall  

CAH-977  F a c i l i t i e s  f o r  Radioactive Inhalat ion Studies 

No ac t ion  i s  being taken on t h i s  p ro jec t  u n t i l  the  plan t o  re loca te  the 
Biology Laboratory has been resolved 

CAJ.3-982 Addition t o  Radionuclide F a c i l i t i e s  - 141-C - Building 

N o  ac t ion  i s  being taken on t h i s  p ro j ec t  u n t i l  t he  plan t o  r e loca te  the  
Biology Laboratory has been resolved 

CAH-100 High Temperature L a t t i c e  Test  Rea= 

Design i s  7 5  percent  complete compared t o  a scheduled 65 percent. Vitro has 
been authorized a t o t a l  of $259,000 f o r  design work. These funds have been 
expended, and design e f f o r t s  have been c u r t a i l e d  awaiting authorizat ion of 
add i t iona l  money. A l l  de ta i l ed  design drawings and spec i f i ca t ions  f o r  the 
Phase I construct ion package were reviewed by the  Company. Our comments were 
submitted t o  the  CommissioF. A Hanford Laboratories "ETLFR Gas and Mater ia ls  
Compatibility Review Cornittee" was formed L O  resolve mater ia ls  problems on 
a more formal b a s i s .  Construction cf the la rge  mock-lip i n  the  31h building 
was react ivated following a s h i f t  of research and development funds A pro- 
totype s a f e t y  rod ( l e s s  poison sec t ion)  has b e e n  iabricat2.d and i s  undergoing 
t e s t s  Fabrication of the cont ro l  rod d r ive  assembly i s  under way 

A d i r e c t i v e  modification dated June 19 1964 authorized the Commission t o t a l  
p ro j ec t  funds i n  the  amount of $2,500,000. 

UNCZASSIFZED --- 
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CAH-116 PRTR Decontamination and D 2 0  Cleanup 

Detailed design i s  72 percent complete compared t o  a scheduled 100 percent.  
Drawings a re  being reviewed and commented upon a s  they are received. Vi t ro  
was authorized an addi t ional  $3,00O,bringing the  t o t a l  amount authorized f o r  
performance of T i t l e  I and I1 design serv ices  t o  $40,000. 

CAH-119 PRTR Storage B a s i n  and Experimental F a c i l i t i e s  Modifications 

Design i s  86 percent complete compared t o  a scheduled 100 percent.  
AEC-230, Modification 1, dated June 11, 1964, authorized t o t a l  project  funds 
in t he  amount of $510,000. 
of heating, v e n t i l a t i n g ,  ‘and a i r  conditioning flow diagrams. V i t r o  was 
authorized an  addi t ional  $5,50O,increasing the  t o t a l  funds authorized f o r  
performance of design serv ices  t o  $36,500. 

Directive 

The Company recent ly  received and reviewed copies 

CAH-123 Laboratory F i r e  Protect ion System 

The Commission’s project  review board deferred ac t ion  on t h i s  p ro jec t  a t  i t s  
June 11, 1964 meeting. The design c r i t e r i a  document was revised and approved. 

CAH-126 Waste Transport System 

T h e  Commission wrote a revised p ro jec t  proposal requesting $31,000 f o r  per- 
formance of design. The proposal was approved by the  Couunission’s p ro jec t  
review board on June 11, 1964. A d i r e c t i v e  dated June 22, 1964 authorized 
inter im funds i n  the  amount of $27,000 f o r  performance of design. V i t r o  
was authorized $22,000 on June 29, 196L f o r  performance of design.  

CAH-128 Heat Transfer Apparatus f o r  Model Studies - 189-D Building 

The p ro jec t  proposal was returned unapproved. 

CAH-136 Service Addition - 327 Building 

A d i r e c t i v e  was issued on June 4 ,  1964 authorizing t o t a l  p ro j ec t  funds i n  
the  amount of $141,500. A work au tho r i ty  was issued on June 8,  196L 
authorizing Vi t ro  $20,000 f o r  performance of design services. 

CAH-137 Temporary Physical Sciences Center 

The design c r i t e r i a  document was submitted t o  t h e  Commission f o r  approval 
on June 16, 1964. Components t h a t  w i l l  occupy t h e  former Army Headquarters 
building (now designated the  3201 bu i ld ing ) ,  a r e  determining maintenance 
requirements . 

UNCLASSIFIED 
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Cm-lL6 Atmospheric Physics Building 

The pro jec t  proposal requesting authorizat ion o f  design funds i n  the  amount 
of $35,000 was approved by t h e  Commission's pro jec t  review board on June 11, 
196L. It w i l l  be forwarded t o  Washington-AEC with a request fo r  authorizat ion.  

CAH-151 Off ice  Addition - 308 Building 

The Commission authorized t o t a l  p ro jec t  funds i n  the  amount of $110,000 by 
a d i rec t ive  issued Jbne 1 5 ,  196G. 

Engineering Services and Plan t  Engineering 

Engineering work was performed in  support of design and construct ion on ac t ive  
p ro jec t s ,  p ro jec t  proposals,  preliminary planping, and design c r i t e r i a  f o r  
new p ro jec t s  Pr inc ipa l  work i t e m s  included. f l )  f i e l d  consul ta t ion  and 
review of vendor drawings f o r  Project  CAH-916, FRPP and CAH-962, Low Level 
Radiochemistry Building; ( 2 )  engineering consul ta t ion  on Vitro design of  
CAH.100, HTLTR and review of instrumentation drawings and procurement spec i -  
f i ca t ions ;  1 3 )  preparat ion of design c r i t e r i a  f o r  CAh-137, Temporary Physical 
Sciences Center ;  (41  l i a i s o n  w i t h  IPD on X, requirements f o r  reac tor  area 
serv ices  r e l a t ed  t o  reac tor  plant  deact ivat ion:  1'5) review of V i t ro  design 
on CAH-106, PRTR Scorage B a s i n  Addicion; and a61 preparat ion of design 
c r i t e r i a  f o r  a d i s so lu t ion  c e l l  i n  3 2 5 - 6 .  an addi t ion  t o  3 1 G  bui lding,  and 
an addi t ion  t o  3718 bui lding 

F a c i l i t y  planning and budget study work included; (1) layout s tud ies  f o r  a 
plutonium fab r i ca t ion  f a c i l i t y  addi t ion t o  308 bui lding;  and ( 2 ,  study work 
on a e r i a l  photos of 300 Area f o r  planning of long-range laboratory growth. 

Engineering and consul t ing work was provided t o  research and development 
personnel a s  requested. Major work items included: (1) engineering a s s i s -  
tance on ,J A. Jones fabr ica t ion  of the 105-KE experimental spectrometer; 
( . 2 >  engineering a s s i s t ance  t o  de l inea te  scope of se rv ice  piping f o r  3 2 L  
building waste ca lc ina t ion ;  ( 3 )  consul ta t ion  on instrumentation on severa l  
higb pressure loops i n  the  316 bui lding;  ( I C )  preparat ion of spec i f i ca t ions  
fo r  instrument and e l e c t r i c a l  componerts f o r  314 gas loop; (5)  ana lys i s  
of power source required f o r  1,000,000 ampere welder i n  308 bui lding;  and 
(61 ass i s tance  on i n s t a l l a t i o n  of 325 NMR e l e c t r i c a l  i so l a t ion  systzm 

Plant  epgineering work during t h e  month included. (1)  ana lys i s  and engineer- 
ing of modifications t o  c r i t i c a l i t y  alarm systems t o  improve r e l i a b i l i t y ;  'I 2 )  
preparat ion of layout f o r  fume hood i n  305-B; (3: preparat ion of purchase 
spec i f i ca t ion  f o r  spare  hoods f o r  3 2 5  and 329; ('.) analys is  of proposed 308 
c r i b  waste d ra in  l i n e ;  ( 5 )  ana lys i s  of problem of  o i l  i n  308 compressed a i r ;  

LXC LAS S I F I E D  
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( 6 )  load t e s t i n g  and preparat ion of operating procedure f o r  325 emergency 
generator;  and (7)  engineering ass i s tance  on i n s t a l l a t i o n  and check-out of 
re ten t ion  waste monitors and flow meters.  

Consulting serv ice  fo r  other departments included instrumentation consul- 
t a t i o n  t o  CPD on the  234-5 bui lding dry a i r  s y s t e m  cont ro ls  and the Fab 
O i l  Prototype F a c i l i t y .  

Pressure Systems 

Assistance was provided t o  Chemical Eff luents  Technology f o r  adapting an 
ex i s t ing  vessel  f o r  use i n  the 271-CR bui lding.  
requested from the o r ig ina l  vendor. 

Code forms have been 

The Travelers Insurance Company th i rd-par ty  inspector inspected vesse ls  i n  
209-E and 242-B bui ldings.  
tenance. 

Minor recommendations were made on vessel  main- 

Analysis i s  being made of the 2000' F gas loop being i n s t a l l e d  i n  314 bui ld-  
ing f o r  ASME and ASA code conformance. 

Analysis i s  being made and consul ta t ion  provided on code equipment for the 
l iqu id  sodium loop in  314 bui lding.  

F a c i l i t i e s  Operation 

Landlord cos t s  f o r  the month of May were $104,303, which i s  7 8  percent of 
the forecas t  f o r  the month. F i sca l  cos t s  f o r  11 months a re  $1,741,397, 
which represents  98 percent of the predicted.  

Waste Disposal 

The following t ab le  summarizes the  Waste Disposal Operation: 

- I t e m  Apr i l  May 

Concrete waste ba r re l s  disposed t o  
300-wye bur i a l  ground 

Concrete waste b a r r e l s  disposed t o  
200-W bur i a l  ground 

Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from 300 Area 
s i t e s  o ther  than the 325 bui lding 

2 0 

5 12 

20 20 

UNCUS S IF  IED 



UNCLASS LF'IED 

I t e m  - 

H.- L 3 

Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from the  325 
bui  1 ding 

Loadluggers of dry waste disposed t o  
200-W bur i a l  ground from 300 Area 
s i t e s  

Containers of high l e v e l  dry waste 
disposed t o  300-wye b u r i a l  groand 
v e r t i c a l  pipes 

HW- 83000 

Apri l  May 

93 86 

290 000 380 000 Crib Waste Volume, g a l .  

Two d r y  waste disposal  tanks are being i n s t a l l e d  a t  the 300-wye b u r i a l  
ground. 
ta ined i n  metal  containers  i n  place of  t h e  v e r t i c a l  pipes now i n  use 

These tanks w i l l  be used t o  dispose o f  high level dry waste con- 

None of the  re ten t ion  basins  exceeded t h e  Class I T  a c t i v i t y  l e v e l s ,  

Retention waste flow monitors f o r  bui ldings 325, 326, 327, 329, and 308 have 
been i n s t a l l e d  i n  the  l i n e s .  They w i l l  be put i n t o  serv ice  as soon a s  the  
e l ec t r i ca l  hookup i s  completed. l n s t a l l a t i o n  of the  r e t en t ion  waste a c t i v i t y  
monitors i s  held up u n t i l  component pa r t s  a r e  t e s t e d .  

The 340 building phone number 3420 has been put on the "Crash Alarm'' system. 

Building Operat ions 

Wind and ra in  on June 1 5  caused moderate va r i a t ions  of  308 bui lding s t a t i c s .  
S t a t i c  pressure remained negat ive but exceeded des i red  pressures  during the 
storm. Modification of t h e  sensing element t o  prevent wind dis turbances is  
being s tudied 
require  replacement e Control of  f i lming amine addi t ion  i s  being inves t i -  
gated 

The reheat c o i l s  on #4 supply u n i t  have corroded enough t o  

The d i e s e l  generator  se t  a t  325 bui lding was tes ted  on June 2b during swing 
s h i f t  Operation of the uni t  was s a t i s f a c t o r y  f o r  e i t h e r  No, 1 o r  No. 2 
exhaust fans Some reduction of timing sequence w i l l  be made t o  reduce 
the delay between the  normal e l e c t r i c a l  f a i l u r e  and switching over of t h i s  
u n i t  t o  emergency operat ion,  

The 333 bui lding has been added t o  the  f i l t e r  drop checks taken each month. 

WCLASS'IF TED 
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Drafting 

The equivalent of 205 drawings was produced during the month f o r  an average 
of 22 man-hours per drawing. 

Major jobs i n  progress are:  
ments, N Reactor; (2 )  high temperature furnace, 306; ( 3 )  powder processing 
l i n e ,  231-2; ( 4 )  309 building piping serv ice  drawings; ( 5 )  FRPP serv ice  
piping t o  waste ca l c ina t ion  equipment; ( 6 )  c r i t i c a l  mass physics s a fe ty  and 
cont ro l  rods;  (7) bellows expansion tank f o r  c r i t i c a l  mass study; ( 8 )  high 
vacuum plutonium research glove boxes; and ( 9 )  underwater measuring equip- 
ment, N Reactor. 

(1) u l t r a son ic  tes ter  f o r  i r r a d i a t e d  fue l  e l e -  

Drafting serv ice  was a l s o  supplied i n  support of engineering and budget study 
work as  previously reported.  

Construction 

Major nonproject jobs i n  progress during the  month were: 
swine farrowing barn and pens, 141-F; ( 2 )  modify heating and v e n t i l a t i n g  
s y s t e m ,  and i n s t a l l  intercom, 144-F; ( 3 )  i n s t a l l  t h i rd - f loo r  p a r t i t i o n s ,  
108-F; ( 4 )  construct  new dog runs and modify e x i s t i n g  dog runs,  144-F; (5)  
modify dark room, 1706-KEL; (6) i n s t a l l  f i r e  de tec t ion ,  100-F Area; ( 7 )  con- 
s t r u c t  pasture and sp r ink le r  system a t  meteorological tower; (8) modify and 
i n s t a l l  hood 44, 308; ( 9 )  cons t ruc t  autoclave p i t ,  s to rage  a rea ,  EDEL-I1 
loop foundations, and HTLTR mock-up, 314; (10) construct  t ho r i a  laboratory 
room 417, and i n s t a l l  emergency generator ,  325; (11) cons t ruc t  manhole and 
r e t en t ion  waste bypass l i n e  and i n s t a l l  snubbers i n  high pressure l i n e s ,  309; 
(12 )  i n s t a l l  e l e c t r i c a l  se rv ices  and a i r  conditioning f o r  computer, 321; (13) 
i n s t a l l  hydrogen system, i n s t a l l  a i r  conditioning uni t  i n  metallography l ab ,  
and i n s t a l l  r e c t i f i e r  f o r  a r c  melt furnace,  306; (14) construct  o f f i c e s  and 
s torage addi t ion ,  328; and (15) cons t ruc t  personnel change and survey bui ld-  
ing,  340. 

(1) construct  

Containment Systems Experiment - Design and cons t ruc t ion  work progress con- 
t inues  as  scheduled. Chicago Bridge and I ron  Company progress on the  con- 
tainment vesse l  i s  s a t i s f a c t o r y .  Contract award f o r  f ab r i ca t ion  of the 
simulator vesse l  has not been made. Inves t iga t ive  work by J .  A. Jones Com- 
pany p r i o r  t o  negot ia t ion  of a cont rac t  i s  proceeding. 

Renovation of Wells - The subcontractor has completed the  t e n  wells per  t he  
cont rac t .  

UNCLASSIFIED 
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Waste So l id i f i ca t ion  Prototype - Fabricat ion work i s  on schedule,  

Crane Safety Inspection - The inspector reported on s i t e  June 23 and i s  
expected t o  complete a l l  work by Ju ly  10, including work f o r  CPD and IPD. 
Plans. a r e  being formulated f o r  continuing crane and h o i s t  surve i l lance ,  
and a new contract  w i l l  be negotiated f o r  inspection serv ices .  

GENERAL 

There were no repor t s  of inventions o r  discovery during the month.. 

Manager 
Finance and Adninis t ra t ion 

W Sa1e:RDT:whrn 

1 2 3 1 1 1 3 3  



UNcLASsm 1-1 HW-83005 

REACTOR DEVELORdENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Reactor output f o r  June was 903 MWD f o r  an experimental time e f f i c i ency  of 
599 and a p lan t  e f f i c i ency  of 44$. 
the  month, three of wbich were terminated by scrams and three  were terminated 
manually. 
follows : 

There were six operat ing periods during 

A summary of the  f u e l  i r r a d i a t i o n  program as of June 30, 1964, 

Program 
A1-Pu U0.3 Other Totals  f??% No. MWD No. MWD No. MWD No. blWD - - - - - - - - - -  

In-Core 0 7 1586.0 78 11723.6 85 1-3309.6 
Maxirmun 303 8 302.6 
Average. 226.6 150- 3 

I n  Basin 7 572.5 25 2673.1 40 3768.3 72 7013.9 
7.3 Chem. Process. - 68 >b65.8 2 1965.?8 A - -  7431.6 

Buried 1 7.3 1 

Program Totals  75 6038.3 67 6224.9 118 15491.9 1 7.3 261 27762.4 

Note : (MWD/Element ) X 20 5 MWD/TU f o r  U02 and Pu02-U02. 

Indicated helium loss f o r  June was 134,876 s c f .  
per  physical  inventory was 73 pounds (ad jus ted) .  

On June 22, 1964, 20,611 pounds of scrap heavy water were shipped t o  
Savannah River. 

Heavy water loss f o r  June 

Equipment Experience 

A t o t a l  of 138 r eac to r  outage hours was charged t o  r e p a i r  work. 
items mre: 

&in  

Shim rod replacement 
Rupture Loop r epa i r s  
"B" dump valve r e p a i r  
D20 l eak  r epa i r s  
Pressur izer  f l o a t  switch r e p a i r  
Moat rupture d i s c  replacement 

1 2 3 1 4 3 4  
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Preventive maintenance required 412 hours, o r  74$ of the t o t a l  maintenance 
e f f o r t  (assigned craftsmen). 

Improvement Work Sta tus  ( s ign i f i can t  items ) 

Work Completed 

Control Room Backup Sta t ion  
Repair of Inspection Pump Discharge Line 
Anchoring of Spray Nozzles and S t r a ine r  Replacement 
In- l ine Gas Sampling 

Work P a r t i a l l y  Completed 

Corrosion Loop I n s t a l l a t i o n  
Primary Water Sample Sta t ion  
Process Ttibes k v e l  Indicator  
I n s t a l l a t i o n  of New Alarm Annunciator 
Vibration Snubbers f o r  Earthquake Protect ion 
Thermal Barrier Support Modification 
Supplemental h r g e n c y  Water Addition 

Design Work Completed 

Voltage Off Normal Detection and Alarm f o r  24 Volt Battery System 
Pennanent Mounting of A u r a l  Monitor 
Arc Suppression on Safety Ci rcu i t  Relay 
PRTR Steam Ut i l i za t ion  

Design Work P a r t i a l l y  Completed 

Flux W i r e  Scanning System 
Gamma Scanner Cask Modifications 
Thermal Barrier Seal & Hoist  Improvements 
Pneumatic I r r a d i a t i o n  F a c i l i t y  
PRTR Exper imnta l  and Building F a c i l i t i e s  Addition 
PRTR Increased Power Level 
Creep Test F a c i l i t y  / 

I n s t a l l a t i o n  of Secondary Generation Shim Rod 

Process Eng;ineerinp; and Reactor Physics 

PRTR Test 63, React ivi ty  Worth of Coolant Remova l  from Fuel Channels, was 
performed during June. The r e s u l t s  are summarized i n  the  following t a b l e  : 

UNCLASSIFIED 
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k c a t i o n  React ivi ty  Change on Voiding 
(mi l l i  -k/channe 1) 

Fuel rype 
(uni r rad ia ted)  0 

1 + 0.048 2 o,oio 
U02-l w/o puo2 5 - 3.007 0.098 
u02 

U0,-0.48 W/O PuO2 9 - O.&l  2 0.015 
A fuel subs t i t u t ion  m a s u r e m n t  was p e r f o m d  as p a r t  of T e s t  63. 
r e a c t i v i t y  worth qf unirradiated UO2-0.48 w/o Pug2 and UOg-l w/o Pu02 
fuel e l e m n t s  were compared i n  R i n g  5. 
nrents were worth about + 1.08 milli-k/element more than the  0.48 w/o 
elements 

The 

A t  t h a t  locat ion,  the 1 w/o ele- 

The mzasurements performed i n  Test 63 resu l ted  i n  a good estimate of t he  
accuracy and reproducib i l i ty  of approach-to-cr i t ical  measurements i n  PRTR. 
It was determined t h a t  comparative masurements can be made with an ac- 
curacy of 5 0.02 mil l i -k  on each measurement, a prec is ion  adequate f o r  
many experiments. 

PRTR T e s t  73, Supplement 22 Maxirmrm River PMlp - F i l t e r  Plant Flow Capacity, 
was re-run with s a t i s f a c t o r y  r e s u l t s .  
included i n  the Test Report. 

The ana lys is  of t he  results w i l l  be 

The reac to r  was started up, following the  extended outage, w i t h  approxi- 
mately 0.1% hydrogen i n  the  helium supply as authorized by PIiTR Test 93. 
?his low concentration was not noticeably e f f e c t i v e  i n  cont ro l l ing  oxygen 
i n  the  systems, which had became air contaminated during the outage. 
Since s t a r tup ,  concentrations up t o  0.65 hydrogen i n  supply helium have 
been used, w i t h  favorable reductions i n  oxygen i n  the  reac tor  systems. 
However, there  are cont inwd evidences of buildup of deuterium and oxygen 
which do not tend t o  recombine without an excess of hydrogec present .  

The use of monosodium phosphate addi t ion  f o r  HX-1 pH-phosphate cont ro l  
was i n i t i a t e d  on a rout ine basis following the  extended outage. Equi- 
librium pE-phosphate cont ro l  has been adequate, requir ing approximately 
300 ppm phosphate i n  the  b o i l e r  t o  maintain a pH of amroximately 11.3. 

During the extended outage, a borescope Inspection or' a shim rod access 
hole was performed, This inspect ion revealed rus t ing  and spa l l i ng  near 
t he  bottom of the  top  sh ie ld  shim rod access hole. 
has been i n i t i a t e d .  

Corrective ac t ion  

1 2 3 1 4 3 b  
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In support of reactor safeguards analyses, calculations of the f i ss ion  product 
inventory associated w i t h  a 120 MW reactor was performed using the EIBD com- 
puter code, Ihe r i ~ s e  rates from the containment vessel  resul t ing fran a maxi- 
mum credible accident were calcula7;ed by a machine code written especially fo r  
thas calculation using f i ss ion  product gam energy ciata from a compilation i n  
a Camaian dcczzment, lRDC 1307. 

Formulas and charts f o r  the calculation of c r i t i c61  f i ss ion  products for fuel 
reprocewing were derived, It was foTmd tha t  t4he l imiting isotopes f o r  NFS 
pracessing are Z r  m-95 sfid I-13iL 

Ekperirnentd l3eact.x Services 

The status of tne  var ims t e s t  elements a t  the end of June 19a, is shown below. 
“hose elemznts irhich had reached the i r  assigned goal exposure or had been per- 
manently disclrargEi for other reasons p r h r  to June 1, l9&, have been deleted 
from the table 

Approximate 
Te s t Chenne 1 k t e  Ini-  Dis- Accumulated 
No. Locatioc NumDer Description 
14 1956 5997 Mamyl-Swaged 

t ial  Char charmd MWD 
189.8 =pas 

-- 203.0 = p a  
5150 Moxtyl (3’’ x +’” pads) 8/1/62 -- 198.7 

-- 302.6 
194.8 

5186 Moxtyl-Physics 5/28/63 -- 187.8 

5119 Moxtyl (Repaired w i r e )  10/20/63 -- 117.2 

285.2 r e p d  
-+ -- -- 5098 Moxtyi-vipac 5/8/62 

5099 M ~ x t y l - V  lpac 5/8/62 

5118 Moxtyl (clip-on pads ‘I 5/8/62 
5185 Moxtyl-Fhysics 5/28/63 -- 
51-16 Yoxty l  (clip-on pads\ 5/8/62 -- 207 7 

5 1 92 Moxk y 1 - Ph ys i c s 6/13/63 -- 195.2 

5117 Moxtyl (Repaired w i r e )  10/20/63 -- 159 0 
5214 !bxt.yl (I$ P”@2p Swaged] 11/18/63 -- 135 1 
5230 Moxtyl (1% FuC>, Vipac) i j30/64 -- 81,2 
1098 UO2-?hyslCs 5/12/62 -- 181.9 
1397 ?J92-Physics 5/12/62 -- 194.6 
1100 UC12-Physics 5/12/62 -- 151.3 
1099 ‘E2-Physics 5/12/62 -- 164.0 

Twelve old ruptured fuel eiernents =re inspected f o r  possible s p l i t s  i n  the 
cladding ND sp l izs  were observed, although element 5203 was periodically 
emittir,g gas bubbles, 
1096, ii30 ma 52ij. 
i n  Julyo 
metallurgy far examination, 

Three rocis were removed from each of t h e  elements 
T m y  are scheduled f o r  s h i p n t  t o  Radiometallurgy 

Process tube 5526 was cut up and sections were shipped t o  Radio- 

I 2 3 1 4 3 1  
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I 

Plutonium Recycle C r i t i c a l  Fac . i l i ty  

Measurements of fuel  worth, void worth and the  worth of se l ec t ed  absorbing 
materials a t  var ious c ~ x e  pos i t i ons  were completed. I r r a d i a t i o n s  f o r  meas- 
urement of the neutron s p e c t r a  and f o r  f l u x  d i s t r i b u t i o n s  i n  the core were 
p e r f o m d .  
ta ined  

Prelimfriary temperature coe f f i c i en t  of r e a c t i v i t y  da ta  was ob- 

Fuel Element Rupture Test F a c i l i t y  

The Rupture Loop was removed from serv ice  on Zune 14, 1964, when it was 
found tha t  t h e  mixed bed ion exchange uni t  had f a i l e d  and introduced loose 
r e s i n  i n t o  the main piping. 
exchangers have been r e f i l l e d ,  and the jumpers fabr ica ted .  
the Rupture Loop was rkady f o r  pre-operat ional  t e s t i n g .  

The UO, water tube test  element.  (FER= Test No. 91 achieved a power of 356 kw, 
corresponding t o  a r eac to r  power of 40 MN, and accumulated an exposure of 
about 0.85 MWH before  the r e a c t o r  was shut down. 

The loose r e s i n  has been f lushed au t ,  ion 
A t  month-end, 

Chemical Processing of Spent pF.TR Fuels 

Further  chemical analyses of t h e  h02 ,  which was received &iring the  Apr i l  
Redox Campaign, has shown -2 ppm'boron contamination, 
been accepted f o r  f a b r i c s t i o n ,  

The material has 

TECHNICAL SHOPS OPERATION 

Total  estimated productive t h e  f o r  the period was 25,352 hours. 
an est imated 15,309 hours performed i n  Tbchnical Shops, 7,645 hours assigned 
t o  J. A. Jones Compariy, and 2,498 hours assigned t o  o f f s i t e  vendors. 
shop backlog is e s t i m t e d  t o  be 16,250 hours,  of which 90 percent is required 
i n  the  cur ren t  month with the remaining hours d i s t r i b u t e d  over a three-month 
period. 
t o t a l  ava i l ab le  hours 

This includes 

Tota l  

Overtime worked during the month t o t a l e d  922 hours,  o r  5.05 of the 

Estimated d i s t r i b u t i o n  of time vas as fol lows:  Nan E o w s  of Total  

N Reactor Department 
I r r a d i a t i o n  Processing lkpartnaent 
Chemical ?recessing Department 
Hanf'ord Laboratories 
Hanford Uti l i t ies  & Furchasing 

2,307 94 1 
4,411 17.9 

634 2.5 
17,998 71.0 

2 n i l  
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bNCLASSIFIED 1-6 HW-83000 

LABORATORY MAINTENANCE OPERATION 

Total productive t i m e  was 18.~00 hours of 21,200 p o t e n t i a l l y  available. 
the  t o t a l  productive time, 92$ was e m n d e d  i n  support of Hanford Iabora tor ies  
components, with the remaining 8% di rec ted  toward providing service fo r  other  
HAP0 organizations.  
ab le hours * 

Of 

Craft overtime worked during June was 4.94 of t o t a l  avail- 

Manpower u t i l i z a t i o n  ( i n  hours) f o r  June was as follows: 

A. Shop Work 2 100 
S JkintenEince 7 100 

1. Preventive Maintenance 2 000 
2. ESnergency or  Unscheduled Maintenance 1 700 
3 N o m 1  Scheduled Maintenance 3 400 

C. R & D Assistance 9 500 

Responsibi l i ty  for supplying c r a f t  support t o  the Hanford Laboratories por t ion  . 
of the  306 Building was assumed by the laboratory Maintenance Operation June 1, 
1964 5 

\ 



TTSCLASSIFIE D J-1 HW- 8 3000 

INVENTIONS OR DISCOVERIES 

All  persons engaged in work that might reasonably be expected to  
result  in inventions or discoveries advise that, to the best  of their  knowledge 
and belief, no icventions o r  discoveries were made in the course of their  
work during the period covered by this report  except as listed below. 
persons further advise that, for  the period therein covered by this report ,  
Rotebook records,  i f  any, kept in the course of their work have been 
examined for possible inventions o r  discoveries. 

Such 

INVENTOR 
G. B. Barton 

G. B. Barton 

R. W. Stromatt, J. R. Lundquist, 
R.. L. Braun and G. F. Jacky 

R. E. Sharp and W. J. Bailey 

TITLE O F  INVENTION OR DISCOVERY 

Preparation of Intimate Mixtures of 
Tungsten Metal and Uranium Dioxide 

Generation of Droplets by a Vibrating 
Element 

Use of Bromide in  Solutions for  Nickel 
Plating Uranium 

Long-Life, High-Heat- Flux, "Water-Tube" 
Type Nuclear Fuel Element with 
Replaceable Fuel Inser t s  

aborator ies  
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