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BUDGET AND COST SUMMARY 

Sep tember  opera t ing  c o s t s  totaled $2, 758, 000, a n  i n c r e a s e  of $162, 000 
Fiscal yea r - to -da te  c o s t s  aggrega te  $7, 995, 000 o r  f r o m  the previous month.  

22% of the c u r r e n t  cont ro l  budget f o r  F Y  1965. 

Hanford Labora to r i e s  r e s e a r c h  and development c o s t s  fo r  Sep tember  

c o m p a r e d  with the prev ious  month and the c u r r e n t  cont ro l  budget are shown 

below: 

C O S T  

thousands)  Month Month To Date Budget Spent 
(Do l l a r s  in  C u r r e n t  P rev ious  70 

HL P r o g r a m s  
02 $ 67 $ 56 $ 175 $ 542 32 

21 04 1 2 5 2  1 0 7 3  3 417 16 076 

06 295 284 887 3 570 25 
05 115 100 333 1 694 20 

07 
08 

- -  - -  2 4 7 
23 - 37 43 119 500 

1 7 6 8  1 5 6 0  4 938 22 382 22 

Sponsored  by 
NRD 127 137 421 1 594 26 
IPD 16 1 3  54  425 13  

25 C PD 185 158 545 2 207 - 
2 270 - - $1 868 $5 958 $26 608 T o t a l  $2 096 

RESEARCH AND DEVELOPMENT 

1. R e a c t o r  and F u e l s  

The  swel l ing r e s i s t a n c e  of i ron-a luminum s tab i l ized  uranlum when 

i r r a d i a t e d  t o  1530 Mwd/ ton  w a s  subs tan t ia l ly  be t t e r  than n o r m a l  uran ium 

under  ident ical  conditions.  

A coproduct  d r i v e r  e l emen t  t e s t  i r r a d i a t e d  to  1850 Mwd/ton inb:reased 

3 .  370 in  volume,  but no clad o r  c i o s u r e  instabl l l ty  w a s  apparent  upcn rzd-o-  

me ta l lu rg ica l  examinat ion.  

1 2 2 9 5 1 4  
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A method to  prevent  bonding between li thium -aluminum c o r e  m a t e r i a l  

and aluminum cladding at the high reduct ions  encountered in product ion e x t r u -  

s ion  p r e s s e s  h a s  been  demons t r a t ed .  

b a r r i e r  f o r  t r i t i u m .  

Nonbonding is d e s i r e d  as a diffusion 

The  fabr ica t ion  of bery l l ium -z i rconium b r a z i n g  al loy w i r e  by s u c -  

c e s s i v e  coext rus ion  was  success fu l ly  accompl ished .  

Nickel-plated aluminum fue l  e l emen t s  a r e  being i r r a d i a t e d  in the 

C - 1  Loop in  260 C (500 F) w a t e r .  

F r e t t i n g  c o r r o s i o n  of an  N-Reactor  p r o c e s s  tube w a s  obse rved  in  a n  

ou t -o f - r eac to r  loop test 'as a r e s u l t  of the vibrat ion of fue l  e l emen t s  and a 
s p a c e r  aga ins t  the tube.  T h i s  w a s  the first obse rvance  of f r e t t i ng  in  out-of- 

r e a c t o r  loop tests where  a n  e x t e r n a l  v ibra t ion  w a s  not applied to  the p r o c e s s  
tube.  

Analyses  of l abora to ry  expe r imen t s  indicate  tha t  a n  N-Reactor  f ront  

connector  b r e a k  would not r e s u l t  in l a r g e  p r e s s u r e  s u r g e s  but would give 

suff ic ient  indicat ion of the incident f o r  detect ion.  

A fue l  e l emen t  band broken  f r o m  a long exposure  PRTR fue l  r o d  

c l u s t e r  showed evidence of c o r r o s i o n  up  to  1 m i l  in  depth a t  c r e v i c e s .  

Hydrogen content n e a r  the f r a c t u r e  exceeded 200 ppm. 

The  technica l  des ign  criteria f o r  the PRTR High P o w e r  Dens i ty  (HPD:, 

C o r e  w e r e  i s sued  for comment .  

loading to H P D  loadings a r e  being p r e p a r e d .  

T rans i t i on  plans f r o m  the p r e s e n t  PRTR 

F u e l  e l e m e n t s  f o r  the PRTR high-power-densi ty  c o r e  are being fabri- 

F o u r  s t anda rd  PRTR fue l  e l e m e n t s  a r e  r e a d y  fo r  i r r a d i a t i o n .  ca ted .  

Ini t ia l  f r e t t i ng  c o r r o s i o n  tests of the PRTR M a r k  1 fuel  e l emen t  for 

the proposed  high power dens i ty  c o r e  indicated a re la t ionship  between the 

rotat ional  posit ion of the fuel  and f r e t t i ng .  



vii HW-84291 

, -  

Tube power ca lcu la t ions  fo r  the PRTR high power dens i ty  c o r e  

indicated p e r m i s s i b l e  tube powers  ranging upward f rom 2500 kw depending 

on inlet coolant conditions and flow r a t e .  

Aluminum s a m p l e s ,  s o m e  contaminated with b o r i c  ac id ,  suspended 

in  the gas  s p a c e  above the m o d e r a t o r  of the PRTR,  showed little weight 

change dur ing  a 1000-hr  exposure  t o  moi s t  ED20:B he l ium.  

C e r a m i c  fuel  washout  s tud ie s  w e r e  pe r fo rmed  in  a n  ou t -o f - r eac to r  

loop on a sec t ion  of Z i r ca loy -2  clad U 0 2 - 1 / 2  wt% P u 0 2  fue l  e l emen t ,  f a b r i -  

ca ted  by the Vipac p r o c e s s ,  and i r r a d i a t e d  to 5000 Mwd/ ton  in  P R T R .  Af te r  

14-day exposure  to w a t e r  at 300 C,  1650 psi ,  and 13 fps ,  the fuel  washout 

through a slit 1 - 1 / 2  in. long by I /  16 in. wide has  been  negligible,  as 
de te rmined  by act ivi ty  r ead ings  throughout the loop. 

Examinat ion  of t h r e e  leaking and one nonleaking PRTR tube-nozzle  

gaske t s  r evea led  stress c rack ing  in  the s p i r a l  r i n g s  of the gaske t s .  

c a u s e  of the c rack ing  has  not been  de te rmined .  

The 

Maximum ca lcu la ted  exposures  of the 12  i n - r e a c t o r  (MTR? and 20 
d i scha rged  EBWR prototype fuel r o d s  are 3. 1 x lo2' f i s s i o n s / c m 3  11, 300 

Mwd/ ton  of fuel)  and 2 . 7  x lo2' f i s s i o n s / c m  

re spec t ive ly  . 

3 (10, 000 Mwd/ton of fuel!, 

L a t e s t  observa t ions  indicate  the unprotected,  z i rconium cxide -free 
s u r f a c e s  on the inne r  s u r f a c e  of a fuel  rod  ( such  as weld areas) are p a r t i c -  

u l a r ly  suscept ib le  to  ca t a s t roph ic  gas  -phase  hydriding a t tzck .  If hydrogen- 

producing contaminates  are p r e s e n t  in  the fuel m a t e r i a l ,  a c r e v i c e  1s nct  
e s s e n t i a l  f o r  the r e a c t i o n  t o  o c c u r .  

P o w e r  genera t ion  c o r r e c t i o n s  fo r  the M a r k  SX-B U 0 2  fuL length 

inver ted  c l u s t e r  fuel  e l emen t  indicate  tha t  the maximum tube pcw3r w a s  
approximate ly  607 kw (115 kw/ f t  max imum)  dur ing  i t s  i r r ad ia t ion  In ?he 
PRTR Rupture  Loop faci l i ty .  

I 2 2 9 5 1 b  
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A ful l  length rod  with a swaged U 0 2  c o r e  contaminated with 165 m g  of 

I2 has  now opera ted  ou t -o f - r eac to r  f o r  4 weeks  a t  400 C without f a i lu re .  

A fou r - rod  c l u s t e r  designed to  demons t r a t e  the  feasibi l i ty  of rep laz ing  

individual r o d s  in PRTR e lemen t s  w a s  fabr ica ted  fo r  i r r ad ia t ion  in the MTR. 

Studies  are continuing on c h a r a c t e r i z i n g  potent ia l  fast r e a c t o r  fuel  

m a t e r i a l  obtained by ba l l -mi l l ing  and impact ing  U 0 2  - P u 0 2  powders .  

Metal lographic  examinat ion of the B e O - P u 0 2  composi tes  indicated 

the  B e 0  m a t r i x  was  bonded r e g a r d l e s s  of whether  o r  not MgO had been added 

as a s i n t e r i n g  a id ,  and the fast neut ron  act ivi ty  r e su l t i ng  f r o m  the alpha-  

neutron r eac t ion  w a s  not in tense  enough to  p r e s e n t  a rad ia t ion  haza rd  even  

though the  nickel  coat ing had not r ema ined  intact .  

Before  charg ing  in the M-3 Loop of the E T R ,  a vibrat ional ly  c c m -  
pacted thin wal l  UO 

ranging f r o m  1000 to  2000 p s i  at 400 C f o r  a max imum of 64 h r .  

tube-in- tube fue l  e l emen t  w a s  autoclaved a t  p r e s s u r e s  2 

Seven s t a i n l e s s  c lad ,  s ta in less -30  ~ 0 1 %  U 0 2  c e r m e t s  L 0, 540 OD x 

impact ion and wi l l  be f u r t h e r  reduced  by hot ex t rus ion  at a n  a r e a  reduzt.lcn 

of approximate ly  1 0  t i m e s .  

3 -1 /2  in. long) with powder s t a i n l e s s  end caps  w e r e  f a b r k a t e d  by pneuma' '-  L* - 

High pur i ty  uran ium s p e c i m e n s  of s e v e r a l  geometries i r r a d i a x d  :n 

the be t a  phase (about 700 C) t o  0.05% burnup exhibited vc-ume incr -a l i r s  

f r o m  0 . 5  to  370. T h e  "R" va lues  ( r a t i o  of pe rcen t  swel l ing :z percen: b - z n z p :  

va r i ed  f r o m  10 to 60, which are s m a l l e r  than those obse rved  with high puri ty  
uran ium i r r a d i a t e d  a t  625  C (1157 I?). 

17 

nvt ( t h e r m a l )  is v e r y  s i m i l a r  t o  the defec t  s t r u c t u r e  obse rved  in the  non- 
i r r a d i a t e d ,  as -ex t ruded  fo i l s .  

The defeet  s t r u c t u r e  obse rved  in uran ium f o i k  irradiated to 10 

The  Mate r i a l s  Engineer ing  h igh - t empera tu re  helium loop in the 3 i 4  

Building was  opera ted  n e a r  the  max imum des ign  va!ue of 2000 F In +hc t:st 
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section. P e r f o r m a n c e  c h a r a c t e r i s t i c s  of me ta l l i c  foil insulat ion in 

flowing hel ium-information urgent ly  needed for  the  design of the Advanced 

Test R e a c t o r  Helium Loop-was obtained before  it w a s  n e c e s s a r y  to  shut  

down the loop because  of a l eak  between the p r i m a r y  piping and the sh roud  

piping. Operat ion of all components  exceeded expec ta t ions .  

Application of thermodynamics  to  the problem of b r i t t l e  f r a c t u r e  

has  yielded c e r t a i n  re la t ionships  in c l o s e  a g r e e m e n t  with expe r imen ta l  

da t a  and provided insight  into the f r a c t u r e  governing the ducti le - to -br i t t l e  

t r ans i t i on  of me ta l s  and the embr i t t l emen t  of me ta l s  through i r rad ia t ion .  

An e lec t ro ly t ic  oxygen probe  involving a so l id  e l ec t ro ly t e  shows 

p r o m i s e  of oxygen chemica l  potent ia l  m e a s u r e m e n t s  in g a s e s  and liquid 

me ta l s  w e l l  below the 1 ppm r a n g e .  

Weight l o s s e s  after desca l ing  of molybdenum and f o u r  TZM molyb- 

denum a l loy  s a m p l e s  exposed to 1000 C (1832 F) air ranged  f r o m  1 to 5 

m i l s  / y r  . 
Sa t i s f ac to ry  a g r e e m e n t  between weight l o s s e s  and concent ra t ion  of 

r eac t ion  products  has been obtained in  s tud ie s  of the r eac t ion  of graphi te  

with l a r g e  graphi te  b a r s .  

The r eac t ion  of ca rbon  dioxide and hydrogen is not ca ta lyzed  by 
purif ied nuc lea r  graphi te ;  however ,  a catalyt ic  effect  w a s  obse rved  wi th  
graphi te  containing impur i t i e s  a 

The  coefficient of t h e r m a l  expansion t r a n s v e r s e  to  the ex t rus ion  

d i r ec t ion  of CSF graphi te  is i n c r e a s e d  5 to 770 by i r r a d i a t i o n  to  6 x lo2’ nvt 

(E > 0. 18 MeV) at about 400 C .  
was  found. 

In the p a r a l l e l  d i r ec t ion  no s ignif icant  change 

An a c c e l e r a t e d  expansion (up  to 37’0) a p p e a r s  to occur  in boronated 

graphi te  at a t h e r m a l  neutron exposure  of approximate ly  1021 nvt. 
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The th i rd  i r r ad ia t ion  test (2C -3) on F e r m i  boronated graphi tes  has  

been  cha rged  and is opera t ing  sa t i s f ac to r i ly .  

Weight l o s s  da ta  (before  c leaning)  for the a luminum-clad  fue l  e l emen t s  

r ecen t ly  t e s t ed  in C - 1  i n - r e a c t o r  loop at 260 C, pH 4. 5 flowing w a t e r  showed 
a max imum c o r r o s i o n  rate of 3 .  3 mi l s /mon th ,  as compared  to  14 m i l s / m o n t h  

previous ly  m e a s u r e d  under  s i m i l a r  conditions but at neu t r a l  pH. 

F u l l  s i z e  thor ium-uranium fuel  e l emen t s  being i r r a d i a t e d  in the E T R  

have now reached  9000 Mwd/ton exposure  with only theo re t i ca l  min imum 

volume i n c r e a s e .  

An ana lys i s  of p l a s t i c  flow in i r r a d i a t e d  i ron  t o  d e t e r m i n e  the r a t e  

control l ing p r o c e s s  has shown tha t  at t e m p e r a t u r e s  of 200 K (-100 F) and 

below, the damage  produced by neutron bombardmen t  plays no r o l e .  

Sec t ions  f r o m  a bent,  i r r a d i a t e d  s ingle  c r y s t a l  of molybdenum have 

been  cu t  p a r a l l e l  to  the (111) p lanes ,  thinned, and examined in the e l ec t ron  

mic roscope .  A one - to-one co r re spondence  between s l i p  l i nes  obse rved  on 

the  s u r f a c e  and the d is loca t ion  channels  s e e n  by t r a n s m i s s i o n  e l ec t ron  
mic roscopy  has  been  e s t ab l i shed .  

A detai led ana lys i s  of the X - r a y  l ine  broadening r e su l t i ng  f r o m  irra- 
diat ion of high puri ty  molybdenum foils to  1 x lo2' nvt ( f a s t )  show a v e r y  

high dens i ty  of s m a l l  defect  c l u s t e r s .  

g ranu la r  c r ack ing  du r ing  handling sugges t s  tha t  the n o r m a l  deformat ion  

p r o c e s s e s  have been a l t e r e d .  

The  suscept ib i l i ty  of the foil to  i n t e r -  

The  act ivat ion ene rgy  f o r  c r e e p  of be ta -phase  plutonium fo rmed  f r o m  

g a m m a  is 34-38 k c a l / g - a t o m  and is signif icant ly  higher  than the 28 kcal/g- 
a tom f o r  be ta  phase plutonium fo rmed  f r o m  a lpha .  

with the be ta - to-a lpha  t r ans fo rma t ion  of plutonium subjec ted  t o  c o m p r e s s i v e  

s t r e s s e s  has  yielded ind i r ec t  information on the mechan i sm of th i s  t r a n s -  
for mat ion .  

The  s t r a i n  a s soc ia t ed  

, .  
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2 .  Phys ic s  and Ins t rumen t s  

Reac to r  physics  ana lyses  in suppor t  of the P h a s e  111 (power only) 

opera t ion  of t he  N-Reactor  w e r e  completed.  

obtained as a function of fue l  exposure  f o r  two proposed fue l  types .  

Minimum fue l  c o s t s  w e r e  

F o i l  i r r ad ia t ion  da ta  obtained dur ing  both cold and hot s t a r t u p  tests 
a t  N-Reactor  have been documented.  

t ion  of t e m p e r a t u r e  coeff ic ients  and product format ion .  

T h e s e  da ta  wi l l  be useful  in p red ic -  

C r i t i c a l  m a s s  m e a s u r e m e n t s  w e r e  made  with plutonium n i t r a t e  so lu-  
t ions  i n  a 15. 2- in .  -diam wa te r - r e f l ec t ed  s p h e r e .  

0. 5,  the  c r i t i c a l  plutonium concentrat ion w a s  24 .4  g PU/L ( c r i t i c a l  m a s s  

0. 74 kg). 

F o r  a n  ac id  m o l a r i t y  of 

A s e r i e s  of exponential  and neut ron  mult ipl icat ion m e a s u r e m e n t s  
w e r e  begun with 1. 25 wt% U235 enr iched  tubu la r  fuel  e l e m e n t s  ( 2 . 4  in.  OD, 
1 . 8  in. ID) in  l ight w a t e r .  

s a fe ty  guidance in p rocess ing  and' s t o r i n g  en r i ched  N-Reactor  fue l s .  F o r  a 
l a t t i ce  spac ing  of 2 .8  in ,  ( H 2 0 / U  volume r a t i o  of 2. 5 )  the m a t e r i a l  buckling 

w a s  4620 x 10 -6cm-2 .  A t  th i s  la t t ice  spac ing  it would be poss ib le  to obtain 

c r i t i ca l i t y  with as few as 88 fuel  e l emen t s  (- 2870 lb  u ran ium) .  

The  r e s u l t s  provide needed da ta  f o r  nuc lear  

Monte C a r l o  ca lcu la t ions  w e r e  used  with appa ren t  s u c c e s s  in the 
ana lys i s  of a b a r e  plutonium solut ion c r i t i c a l  a s s e m b l y  (15. 2 in.  s p h e r e ) .  

T h r e e  C l a s s  I HL-designed shipping con ta ine r s  have been r ece ived  

f o r  tes t ing  pu rposes .  

in t h e i r  cons t ruc t ion  prevents  neut ron  in te rac t ion  with o the r  un i t s  and 
C l a s s  I shipping con ta ine r s  are unique: the m a t e r i a l  

i so la tes"  the fissile m a t e r i a l  within each  conta iner  1 1  

The modified subc r i t i ca l  moni tor ,  including the prototype hybrid 

p reampl i f i e r  used  with the  f i ss ion  counter ,  pe r fo rmed  success fu l ly  a t  N -  
Reac to r  dur ing  a number  of s t a r t u p s .  

1 2 2 9 5 8 0  
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All  l a b o r a t o r y  and ca l ibra t ion  t e s t s  w e r e  completed on a Pu239  liquid 

sample  counting s y s t e m  which m e a s u r e s  the 17  kev X - r a y s  f r o m  sample  

v i a l s ,  and the in s t rumen t  w a s  de l ivered  to  the 234-5 Building f o r  f ie ld  t e s t s  

and rout ine u s e .  

Analog s imula t ion  s tud ie s  of N-Reactor  p r i m a r y  pump coastdown 

rates indicate  that  the p r i m a r y  cont ro l  loop s y s t e m  gain changes as a function 

of p r i m a r y  sys t em flow rate. 
believed to  be the c a u s e .  

Var ia t ions  of the governor  pos i t ioner  are 

Rel iabi l i ty  calculat ions w e r e  made  fo r  the Bal l  3X s y s t e m s  f o r  the 

T h e  K-Reactor  s y s t e m  was  chosen  as a s t anda rd  aga ins t  s m a l l  r e a c t o r s .  
which t o  compare  proposed new s y s t e m s .  A calculat ion made  fo r  one proposed 

s y s t e m  indicated no s ignif icant  i n c r e a s e  in re l iab i l i ty  ove r  the ex is t ing  s y s t e m .  

F l u o r e s c e n t  pene t ran t  inspect ion of ove r  13 ,000  end caps  fo r  N-Reactor  

F u e l s  detected t h r e e  with c r a c k s  completely through the wal l  of the cap .  

E igh t  hundred N-Reactor  fuel end caps  have been success fu l ly  t e s t ed  

u l t rasonica l ly .  The  inspect ion w a s  done us ing  developmental  prototype equip- . 
ment.  

A prototype u l t r a son ic  bond test fo r  l i thium -aluminum t a r g e t  e l emen t s  

h a s  been incorpora ted  into a N-Reactor  fuel  t e s t  s ta t ion .  

tests are being compared  with des t ruc t ive  t e s t  da ta .  
Resu l t s  of first 

A prototype X - r a y  f luo rescence  t e s t e r  ( N T - 2 )  has been  ins ta l led  in 
the 333 Building and is being evaluated as a n  advanced inspect ion method f o r  

de tec t ing  uranium contaminat ion in the end cap  b r a z e  areas. 

Modifications w e r e  made  to the slow -neut ron  t ime-of  -fl ight s p e c t r o m e t e r  

as indicated by the ini t ia l  test opera t ion  last month.  

monochromato r  w a s  aligned and mounted. 

s ignif icant  improvement  in the t i m e  and e n e r g y  reso lu t ion  of the s p e c t r o m e t e r .  

A new copper  c r y s t a l  

T h i s  c r y s t a l  shows p r o m i s e  of 

1 2 2 ’ 1 5 8  I 



xiii  HW -8429 1 

A m e a s u r e m e n t  series of 3 -  to 15-Mev to ta l  c r o s s  sec t ions  was  
42 

completed.  Measuremen t s  included s a m p l e s  of the  s e p a r a t e d  i so topes  C a  , 
Ca44,  C r 5 3 ,  W 182, and W 186, which have not been previous ly  m e a s u r e d  

e l sewhere .  

A l i s t ing  f r o m  the NBS of ana lyses  pe r fo rmed  on the NBS isotopic  

s t anda rd  of plutonium showed tha t  the Isotopic Analys is  P r o g r a m  m a s s  

s p e c t r o m e t e r  gave r e s u l t s  t ha t  w e r e  of higher prec is ion  than the r e s u l t s  

obtained by the o ther  s even  par t ic ipa t ing  l a b o r a t o r i e s .  

The  new c e r a m i c  vacuum-lock s a m p l e  changer  f o r  the Isotopic 

P r o g r a m  m a s s  s p e c t r o m e t e r  was  opera ted  success fu l ly  on the t e s t  bench. 

The  c r i t i c a l  expe r imen t s  us ing  EBWR fuel  in a mockup of the EBWR 

lattice w e r e  completed.  

UO - P u 0 2  expe r imen t s ,  and provide,  fo r  the first t ime ,  c r i t i c a l  da ta  on 

these fue ls  f o r  compar i son  with computer  ca lcu la t ions .  

These  expe r imen t s  supplement  the s u b c r i t i c a l  

2 

The f i r s t  c r i t i c a l  loading of plutonium -aluminum fuel  in l ight w a t e r  

was  achieved dur ing  the month in the P R C F .  

give m o r e  da t a  fo r  compar i son  with calculat ions than the s u b c r i t i c a l  m e a -  

s u r e m e n t s  a l r eady  comple ted ,  

T h e s e  c r i t i c a l  expe r imen t s  

Two v e r y  sophis t ica ted  neutron t r a n s p o r t  codes  f o r  the IBM 7090 

w e r e  obtained f r o m  Los Alamos .  Test c a s e s  have r u n  sa t i s f ac to r i ly .  These  

codes allow one-  and two-dimensional  p rob lems  to  be solved with the 

r i g o r o u s  t r a n s p o r t  equation. 

T o  i l l u s t r a t e  the pr inc ip le  of the Phoenix fuel  concept ,  r e a c t o r  physics  

s u r v e y  ca lcu la t ions  w e r e  done in suppor t  of the proposa l  to  fue l  the MTR with 

a n  Hx plutonium fuel. 

endurance  w e r e  ca lcu la ted  fo r  va r ious  plutonium isotopic  concent ra t ions  e 

Init ial  r eac t iv i t i e s ,  power d is t r ibu t ion ,  and fuel  

P r e l i m i n a r y  r e s u l t s  f r o m  a study of the effect  of plutonium concen t r a -  

t ion on its value indicate  tha t  the value w i l l  decl ine s l igh t ly  ( $ 0 .  20 to  $0. 40) 

1 2 2 c 1 5 5 2  
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at concent ra t ions  above that  which is na tura l ly  produced in a uranium fuel 

burnup.  

S p e c t r a l  shift cont ro l  s y s t e m s  used  in conjunction with the s e e d -  

blanket r e a c t o r  concept have been  shown to r educe  fuel  cos t  as much  as 
0 .40  mi l l s /kwhe when compared  to the movable seed  cont ro l .  Th i s  cos t  

reduct ion  does not include the cos t  of D 2 0  degrading and inventory c h a r g e s .  

A new table  of cos t  information tha t  is espec ia l ly  useful  f o r  analyzing 
r e a c t o r s  tha t  have ex is t ing  fabr ica t ion  and sepa ra t ion  fac i l i t i es ,  such  as a t  

Hanford,  has  been  added to  the QUICK economics  code.  

One U234 r egene ra t ing  i n - c o r e  neut ron  flux monitor  was  r ece ived  
following offs i te  fabr ica t ion .  

excess ive  f laking of the U234 coat ing.  
menta l  B1 

The  o the r  chamber  is being rebui l t  due to  

Tes t ing  was  completed on one expe r i -  

be ta  c u r r e n t  neutron flux moni tor  chamber  and cable  sys t em. .  

Hydride reg ions  of 300 ppm in r e a c t o r  p r o c e s s  tube s a m p l e s  w e r e  
de tec ted  with a 0.  210-in. -diam scanning type test coil .  

A method of displaying the c r o s s  sec t ion  of a tube be ing  nondes t ruc-  

t ively t e s t ed  to  show the  locat ion of detected defec ts  was  demons t r a t ed .  

. A c o m m e r c i a l  vendor has  success fu l ly  suppl ied a g l a s s  s a m p l e  having 

a p laner  d i sk  defect  t ha t  wi l l  be su i tab le  for u l t r a son ic  wave diffract ion 
s tud ie s  . 

Techniques f o r  fatiguing a luminum,  coppe r ,  and s t a i n l e s s  s t e e l  

s p e c i m e n s  have been developed. 

been f ab r i ca t ed  and a r e  being a s s e m b l e d .  

made  on s t a i n l e s s  steel, a luminum,  and copper  s a m p l e s .  

Ul t rasonic  mechanica l  manipula tors  have 

Eddy c u r r e n t  m e a s u r e m e n t s  w e r e  

T h e o r e t i c a l  w o r k  h a s  been  pe r fo rmed  to  b e t t e r  unders tand  the phys ics  
of the demons t r a t ed  u l t r a son ic  shadow - imaging  technique 

f i l m ,  t he rmosens i t i ve  phosphors ,  e lec t ro luminescent  phosphors ,  and t h e r m a l  

s ens i t i ve  l iquid c r y s t a l s  a r e  being invest igated as o the r  imaging  techniques.  

The rmop las t i c  

1 2 2 9 5 8 3  
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A number  of 11-VI group compounds appea r  appl icable  fo r  develop- 

ment  of junction devices  f o r  u l t r a son ic  t r a n s d u c e r s .  Spec ia l  a t tent ion is 

being given bar ium t i tana te  and l i thium sulf ide monohydrate .  

A f ina l  prototype,  pocket -s ize ,  s ignal ing d o s e m e t e r  w a s  completed 

and is being field t e s t ed .  

r echa rg ing ,  ion chamber  as a s e n s o r  plus sol id  state c i r c u i t r y .  

l eve l  is 50 m R .  

The  d o s e m e t e r  includes a modified,  au tomat ic -  

The  s igna l  

Four of the five new r e m o t e  da ta  s t a t ions  developed fo r  u s e  in the 

Atmospher ic  Phys ic s  r ad io t e l eme te r ing  s y s t e m  have c o r r e c t l y  opera ted  in 
the  field. 

T h e  analog computer  fac i l i ty  is being used  to  conver t  wind component 

da t a  prev ious ly  r e c o r d e d  on magnet ic  tape  in  s p h e r i c a l  coord ina tes  to 

r ec t angu la r  coord ina tes  . 

Sonic leak  detect ion methods w e r e  used  to successfu l ly  loca te  a 
hole of unknown o r i g i n  in the  supply l ine to  the 100 A r e a  C e n t r a l  Fire 
Stat ion.  

to r e m o v e  and r e p l a c e  the  pipes  bur ied  in  the  conc re t e  f loo r .  

Remova l  of the hole solved the problem and e l imina ted  the need 

Another  whole body counting t r i p  to Alaska  w a s  comple ted .  The  - 

a v e r a g e  Eskimo body burden  of Cs137 was  1100 nCi compared  to 1280 nCi 

m e a s u r e d  in  Ju ly .  

A l a r g e  p las t ic  s c in t i l l a to r  w a s  success fu l ly  t e s t ed  as an  an t ico inc i -  

A new ca l ibra t ion  technique dence sh ie ld  f o r  whole body counting pu rposes .  

f o r  the shadow sh ie ld  whole body counter  w a s  invest igated a l s o .  

nique is good to i 15 to 25% absolute  a c c u r a c y .  
The t ech -  

T h e  helium ion s e p a r a t o r  being developed to adapt  the Van de GrAaff 
to a c c e l e r a t e  He++ ions h a s  been t e s t e d  with b e a m s  up to 4 Mev and 0 . 3  

m i c r o a m p s .  

be v e r y  good. 

The  l i n e a r i t y  of the He3 neutron s p e c t r o m e t e r  w a s  found to 

1 2 2 9 5 5 4  
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Two a tmospher i c  d i spe r s ion  field tests with elevated r e l e a s e s  f r o m  
365 f t  w e r e  conducted in Sep tember .  

planned t o  invest igate  the effect  of s o u r c e  height in  s t ab le  a t m o s p h e r e s .  

Compar i son  of the 185-ft s o u r c e  da ta  to prev ious  23-f t  da t a  shows that, fo r  

t r a v e l  t i m e s  beyond 20 min ,  both exposure  c u r v e s  asymptot ica l ly  approach  
the m e a n  cu rve  f o r  ground-level  s o u r c e s .  

l a r g e  d i f fe rences  in exposure  a r e  noted. 

Th i s  comple tes  the y e a r ' s  t e s t s  

F o r  s h o r t  t r a v e l  t i m e s ,  however,  

3 .  C h e m i s t r y  

In development s tud ie s  on nickel  plating so lu t ions ,  the p re sence  of 
halide w a s  found n e c e s s a r y  for high anode c u r r e n t  e f f ic ienc ies  

U233 p r o c e s s  s tud ies  d isc losed  (1) an  a d v e r s e  effect  of a luminum 
on protact inium scavenging with manganese dioxide, (2) the des i r ab i l i t y  of 
e l imina t ing  s u g a r  deni t ra t ion ,  and (3 )  the des i r ab i l i t y  of backcycl ing M n 0 2 .  

Labora to ry  s tud ie s  are now underway to  invest igate  proposed  flow - 
s h e e t s  f o r  t ho r i a  p rocess ing  in  the  P u r e x  plant.  

has been  completed in which thor ium r e c o v e r y  and decontaminat ion w e r e  

s imula t ed ;  thorium l o s s e s  w e r e  e s sen t i a l ly  as predic ted  by the f lowsheet .  

C o r r o s i o n  s tud ie s  showed tha t  combined use  of AIS1 304-L s t a i n l e s s  steel and 

HAPO-20 al loy in  tho r i a  p r o c e s s  solut ions would not introduce s ignif icant  ga l -  
vanic c o r r o s i o n  p rob lems .  

One m i n i m i x e r - s e t t l e r  run  

Thor ium oxide dissolut ion s tud ie s  in a pilot s c a l e  annular  d i s so lve r  

P u r e x  plant conf i rmed l abora to ry  s tud ie s  pred ic t ing  low dissolut ion rates. 
d i s s o l v e r s  may  be l imi ted  to less than 1 ton of thorium pe r  d i s so lve r  day.  

low r a t e s  a r e  a t t r ibu ted  to  poor contact  of the dissolvent  i f luor ide-ca ta lyzed  

n i t r i c  ac id )  with the  tho r i a  cake  tha t  f o r m s  in the  d i s so lve r  bot tom. Studies  
are continuing to  define opera t ing  conditions and possible  d i s s o l v e r  design 

modif icat ions to minimize  the dissolut ion t i m e  cyc le  I 

T h e  

The  d is t i l l a t ion  of Po2l0  f r o m  0. 25  m o l a r  n i t r i c  ac id  solut ions 

containing organic  complexants  w a s  demons t r a t ed  e 
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T h e  u s e  of a high pur i ty  hydrocarbon w a s  r ecommended  f o r  the  

c e r i u m  r a r e  e a r t h  sepa ra t ion  p r o c e s s .  

useful  f o r  prevent ing  prec ip i ta t ion  of r a r e  e a r t h  su l fa tes .  

HEDTA and c i t r i c  acid w e r e  shown 

P r o c e s s  a s s i s t a n c e  for  the  second technet ium r e c o v e r y  r u n  included 

demonst ra t ion  of s u g a r  deni t ra t ion.  

T h e  Brookhaven continuous phosphate glass p r o c e s s  w a s  demonst ra ted  

in  the  first of s e v e r a l  scheduled r u n s  in  the  High Level  Radiochemis t ry  Cell .  

Two methods  a r e  being evaluated f o r  adding g l a s s - fo rming  chemica l s  

t o  a coupled c a l c i n e r - m e l t e r  s y s t e m  for high l eve l  was te  solidification. 

Additions to l iquid feed to the  c d c i n e r  have been successfu l ly  demonst ra ted ;  

work  is now underway to  inves t iga te  so l id s  addition d i r e c t l y  to the  m e l t e r .  

Two r u n s  w e r e  m a d e  in which g l a s s  f r i t  w a s  added t o  calcined s imulated 

P u r e x  was te  in about a 2 to  1 r a t io .  

impa i r ing  d i s c h a r g e  of t h e  g l a s s  product .  

Some foaming o c c u r r e d  in  the  m e l t e r ,  

60 , Elec t rod ia lys i s  of Columbia R ive r  s ed imen t s  revea led  that  Co 

Zn65, and Mn54 w e r e  r emoved  as  cat ionic  s p e c i e s  but C r 5 '  and Sc46 w e r e  
not removed.  

Multidimensional g a m m a - r a y  s p e c t r o m e t r y  h a s  proved to have 

Co 60 2 2  134 g r e a t  sens i t iv i ty  f o r  C U ~ ~ ,  Na24, As76,  S C ~ ~ ,  Zn65, Co , Na - 
and Cs13?  in  biological s amples .  

A p r o g r a m  h a s  been es tab l i shed  to  d e t e r m i n e  whether  Cs137 body 

burdens  can  be c o r r e l a t e d  with Cs13' content of ha i r .  

In the Radioanalyt ical  Methods Evaluation program, an  es tab l i shed  - 

rad ioanaly t ica l  p rocedure  f o r  Tcg9 was found to  be inappl icable  to  metabol ized 
97 T c  . 

Molybdenum, AIS1 310 s t a i n l e s s  s tee l ,  Hastal loy-C,  -N; -X, and 

Haynes-  25 were  compatible  with r a r e  e a r t h  oxides  ( s imula t ing  Prn2O3) 

i n  a 1000 hr t e s t  at  1100 C. In the  p l a sma  j e t  r a r e  e a r t h  m e t a l s  ( s imula t ing  

prometh ium)  mel ted  readi ly .  

mel t ing  . 
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A s h o r t  r ange  study w a s  s t a r t e d  to  demons t r a t e  t h e  behavior  of 

coproduct N - R e i c t o r  e l emen t s  upon heat ing in  a s t e a m  a tmosphere  to  t e m -  

p e r a t u r e s  ant ic ipated in r e a c t o r  acc idents .  

T h e  min imum t r a v e l  t i m e  f o r  w a t e r  to  move  f r o m  1301-N C r i b  to  the 

Columbia R ive r  e s t ima ted  before  c r i b  u s e  was given additional c r edence  by 

in-  u s  e mea s u r  e m  ent s . 
Ruthenium and c e s i u m  in  P u r e x  Tank F a r m  condensate  w e r e  decon- 

taminated by f a c t o r s  of 50 and 400, respec t ive ly ,  by a t h r e e - c e l l  e le t rodion-  

izat ion unit p rocess ing  2500 column volumes  through the  res in- f i l l ed  dilution 

c h a m b e r s .  

Design and p rocuremen t  ac t iv i t i e s  f o r  the  Containment Sys tems 

Exper iment  continued. F i s s i o n  product  s imulat ion r e s e a r c h  and development 

included a n  evaluation of the su i tab i l i ty  of va r ious  high t e m p e r a t u r e  r e s i s t a n t  

m a t e r i a l s  as a conta iner  f o r  mol ten  U 0 2 .  
d a t e  w e r e  pene t ra ted  within 20 min. 

A l l  combust ion boa ts  t e s t ed  to 

4. Biology 

I t  was  shown that  s a lmon  mig ra t ing  in  the Columbia R ive r  occasional ly  

develop an  immune  - response  t o  co lumnar i s  infection. 

r e s p o n s e  is a r e s u l t  of a chal lenge by the infecting o rgan i sm,  s ince  all f i s h  

do not show the p r e s e n c e  of ant ibodies .  

It a p p e a r s  t ha t  t h i s  

Pathologicdl  l e s i o n s  in lungs  r e su l t i ng  f r o m  plutonium that  had been 

Dogs a r e  now dying up to  four  and one- 

The  amount of plutonium found a t  

inhaled by dogs  continued to occur .  

half y e a r s  a f t e r  the  ini t ia l  exposures .  

dea th  is s e v e r a l  hundred times the  max imum p e r m i s s i b l e  body burden  f o r  the 

human. (The  or ig ina l ly  deposi ted amount is probably much h igher .  ) 

The  pathway of t ryptophan me tabo l i sm in Neurospora  cont inues to  be 

elucidated.  

o c c u r  in mutan t s  of t h i s  fungus. 

t h i s  o r g a n i s m  that  involves  the  conver ions  of t ryptophan and pyruvate  to 
indolepyruvate  and alanine in  the  p r e s e n c e  of vi tamin B g .  

Recent  findings show that  a h i ther to  unknown convers ion  can 

T h e r e  is a s p u r  in the  t ryptophan cyc le  of 

I 2 2 4 5 8 1  
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The  RBE f o r  fast neut rons  in  producing dominant l e tha l s  in  flour 
bee t l e s  was found to  be one- th i rd  to one-half .  

Measu remen t s  taken of Alaskans  in Anaktuvuk P a s s  dur ing  September  

showed t h e i r  body burdens  of Cs137 d e c r e a s i n g  a s  compared  to last July.  

A spec ia l  technique developed h e r e  to enhance an  au toradiographic  

image was  found to be of g r e a t  sens i t iv i ty  and of possibly potential  value in  

de tec t ing  and m e a s u r i n g  v e r y  small quant i t ies  of a lpha e m i t t e r s .  

TECHNICAL AND OTHER SERVICES 

T h e  Nuclear  Health and Safety function, f o r m e r l y  in  P rogramming ,  

was  t r a n s f e r r e d  to  the  Radiation P ro tec t ion  Operat ion on September  1 

unde r  the  continued d i r ec t ion  of R. L. Junkins .  

On June  12, 1964 the  swamps  tha t  r e c e i v e  cooling wa te r  f r o m  the 

P u r e x  plant b e c a m e  g r o s s l y  contaminated as a re su l t  of a l eak  in the  cooling 

c o i l s  of a p r o c e s s  tank. Backfi l l ing of the i n l e t s  t o  the  s w a m p s  and s o m e  of 

the  s h o r e  l ine,  i nc reased  depth of wa te r  in the  swamps ,  and t i m e  f o r  f ixat ion 

of t h e  contaminat ion in  the  bottom of the  swamps  have v i r tua l ly  c o r r e c t e d  the 

the  conditions.  The  s t a t u s  of "B" Swamp h a s  been s a t i s f a c t o r y  s ince  August. 

E f f o r t s  to  e l imina te  the rad ia t ion  p rob lems  s t i l l  r ema in ing  a t  the  Gable 

Mountain Swamp continued through September .  

w a t e r  is on the  o r d e r  of 5 x 

mud in the  bottom of the  swamp is s t i l l  highly contaminated and the  m a j o r  

e f fo r t s  have been d i r ec t ed  at r a i s i n g  the  leve l  of the  wa te r  so that  the mud 

will be l e s s  a c c e s s i b l e  to  ducks.  

The  contaminat ion in the 

The  )i c / c c  and is no longe r  a problem.  

Closed f o r m  solut ions were  obtained to s e v e r a l  ma themat i ca l  mode l s  

of chemica l  p r o c e s s e s  a s soc ia t ed  with was te  r e c o v e r y .  

The  power c u r v e  W A S  developed f o r  a two-s tage  acceptance  sampl ing  

plan assoc ia ted  with the pu rchase  of t e m p e r a t u r e  de t ec to r s .  

A diagnost ic  rout ine f o r  the r ecen t ly  ins ta l led  p r o c e s s  cont ro l  compute r  

is being wri t ten.  

a s soc ia t ed  with the  init ial  appl icat ion to the  C-column t e s t  facil i ty.  

Debugging is s t i l l  in p r o g r e s s  on functional p r o g r a m s  

I Z Z q 5 8 8  
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A compute r  p r o g r a m  h a s  been completed that  wi l l  aid in the  invest i -  

gation of t he  at tenuat ion of u l t rasound.  

model  used as a b a s i s  f o r  the  p r o g r a m  h a s  been wri t ten.  

A first d r a f t  of the  ma themat i ca l  

Ass i s t ance  was provided in  de t e rmin ing  p rec i s ion  l a t t i c e  cons tan ts  

of hexagonal c r y s t a l s  subsequent to  t h e i r  indexing, and a compute r  p r o g r a m  

p repa red .  

T h e  ana lys i s  was completed of data f r o m  a study to inves t iga te  the 

effects  of physical  and biological conditions on the  deposi t ion and re ten t ion  

of 1131 on plants .  

SUPPORTING FUNCTIONS 

Plu toniumRecycle  Test Reac to r  output for September  w a s  1, 587 Mwd 

f o r  a n  exper imenta l  time efficiency of 83% and a plant efficiency of 76%. 

T h e r e  w e r e  eleven ope ra t ing  pe r iods  du r ing  the  month, eight of which were  

t e rmina ted  manual ly ,  two w e r e  t e rmina ted  by s c r a m s  and one opera t ing  

per iod  l a s t e d  through month-end. 

as of September  30, 1964: 

A s u m m a r y  of the fuel i r r ad ia t ion  p r o g r a m  

In- C o r e  0 7 1842.1 77 13426.5 8 4  15268.6 
Maximum 338.0 355.8 
Average  263.1 174.4 

In Bas in  7 572.5 26 2687.1 46 5334.5 79 8594.1 
Bur ied  1 7 . 3  1 7.3 
Chemic  a1 
P r o c e s s i n g  68 5465.8 35 1965.8 - - - -  
P r o g r a m  
T o t a l s  75  6038.3 68 6495.0 123 18761.0 1 7. 3 267 31301.6 

103 7431.6 

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

Es t ima ted  heavy wa te r  loss  and indicated he l ium loss for the  month w e r e  

1300 lb  and 154, 781  scf,  respec t ive ly .  

A to ta l  of 55 outage h o u r s  w e r e  charged  to  r e p a i r  work. 

w e r e  d i r ec t ed  to  emergency  r e p a i r s  with min imum r e a c t o r  downtime. 

const i tuted the  ma in  r e p a i r  i t e m s .  

Al l  ou tages  

Valves  

1 2 2 4 5 8 9  



xxi HW-8429 1 

Init ial  demonst ra t ion  t e s t s  of the mocked up P R T R  Pneumat ic  

I r r ad ia t ion  Fac i l i t y  w e r e  made .  

t he  s imulated out-of - r eac to r  piping a t  the  designed 50 ft p e r  sec .  

A s a m p l e  capsule  w a s  t r ansmi t t ed  through 

I r r ad ia t ion  of a longitudinal s l i t  defected U 0 2  ( T e s t  7 )  in  t he  Fuel  

Element  Rupture  Tes t ing  Fac i l i t y  continued through September  7. During 

t h i s  per iod  in  September ,  the  fuel e lement  w a s  cycled through f ive c r i t i c a l  
pe r iods  including t h r e e  in  which the  r e a c t o r  power exceeded 60 Mw. 

fuel e lement  w a s  subjected to one s c r a m  f r o m  63  Mw. The  t e s t  e lement  w a s  
d ischarged  f r o m  the  loop on September  7 a f t e r  a s c r a m  caused by the f a i lu re  

of the p r e s s u r e  cont ro l  valve.  Because  of the i n c r e a s i n g  number  of cont ro l  

va lve  and small line f a i l u r e s  caused  by vibrat ion problems,  t he  loop w a s  

taked out of s e r v i c e  until  the  n e c e s s a r y  changes  couid be made  to  d e c r e a s e  

the  f requency  of t h e s e  f a i lu re s .  

T h e  

Tota l  product ive t i m e  in  Technica l  Shops Operat ion fo r  the  per iod 

was  20, 782  h r .  Distr ibut ion of t i m e  was :  

Manhours  70 of Tota l  

N-Reactor  Depar tment  3 084  14. 8 
I r r ad ia t ion  P r o c e s s i n g  Depar tment  3 80 5 18. 3 

Hanford L a b o r a t o r i e s  13 583 65. 4 
Chemica l  P r o c e s s i n g  Depar tment  3 10 1. 5 

Tota l  product ive t i m e  in  L a b o r a t o r y  Maintenance Opera t ion  w a s  
Of the  to ta l  product ive t ime,  17, 200 h r  of 18, 800 potent ia l ly  avai lable .  

9570 w a s  expended in  suppor t  of Hanford L a b o r a t o r i e s  components ,  with the 

r ema in ing  5% d i r ec t ed  toward providing s e r v i c e  f o r  o t h e r  HAP0 organ iza -  

t ions .  Manpower ut i l izat ion ( in  hours )  f o r  September  was:  

A. Shop Work 
B. Maintenance 

1. P reven t ive  Maintenance 2 400 
2; E m e r g e n c y  o r  Unscheduled 

Maintenance 1 3 0 0  
3. Norma l  Scheduled Maintenance 2 200 

C. R&D Ass i s t ance  

1 2 2 9 5 9 0  

2 000 
5 900 

9 300 
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The heavy wa te r  inventory a t  t he  end of September ,  1964 showed a 

l o s s  of 1, 300 l b  valued at $17, 979 f o r  the  PRTR.  

dur ing  the month amounted t o  3, 500 lb,  r e su l t i ng  in  a $4, 375 c h a r g e  to ope r -  

a t ing  cos t s .  

valued a t  $134, 760. 

Heavy wa te r  s c r a p  genera ted  

Tota l  s c r a p  on hand at September  30, 1964 amounted t o  14, 039 l b  

Cumulat ive d a t a  of Hanford v is i ta t ions :  
Number  of Vi s i to r s  

In September  Since 6- 13-62 

Vi s i to r s  Cen te r  
P l an t  T o u r s  

1 443 
138 

7 9  538 
- - -  

H A P 0  profess iona l  r e c r u i t i n g  ac t iv i ty  for  September :  

P lan t  Of fe r s  Of fe r s  Of fe r s  Of fe r s  
V i s i t s  Extended Accepted Rejected Open 

Ph.  D. 2 2 2 5 4 
BS/MS (Direc t  P l acemen t )  0 0 1 0 1 
BS/MS ( P r o g r a m )  0 0 0 0 1 

Four  Technica l  Graduates  w e r e  placed on permanent  ass ignment .  Two 

new m e m b e r s  w e r e  added t o  the  r o l l  and one te rmina ted .  

n u m b e r s  39. 
The  c u r r e n t  p r o g r a m  

Authorized funds fo r  th i r t een  ac t ive  p r o j e c t s  to ta l  $10, 729, 000. Tota l  

e s t ima ted  c o s t s  of t h e s e  p r o j e c t s  is $11, 880, 090.  
Ju ly  31, 1964 were  $4, 640, 000. 

Expendi tures  through 

Acting Manager ,  Hanford L a b o r a t o r i e s  

HM P a r k e r :  J E B : d a  

1 2 2 9 5 9  I 
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REACTOR AND FUELS LABORAMRY MONTHLY REPORT 

SEFTEMBER 1964 
- 

TECHNICAL A C T I V I T I E S  

A. FISSIONABLE MATERIALS - 02 PROGRAM 
1, Metallic Fuel Development 

Comparative Swelling o f  Uranium Alloy Fuels,  Two KSE-5 fue l  
elements i r r a d i a t e d  i n  KER Loop 2, t o  about 1530 Mwd/ton, f o r  
t h e  purpose of comparing swelling performance of two f u e l  
compositions under iden t i ca l  i r r ad ia t ion  conditions a r e  being 
examined i n  the Radiometallurgy f a c i l i t y ,  
contains  uranium w i t h  a nominal N-fuel composition of i ron  
and s i l i c o n  addi t ions (~120-140 ppm each) ,  and t h e  other  f u e l  
element contains uranium w i t h  400 ppm iron and 800 ppm aluminumd 

measurements waa 2,1 vol% f o r  t h e  i ron-si l icon bearing f u e l  
compared t o  1,2 vol% f o r  t he  iron-aluminum bearing f u e l ,  
Density determinations on t h e  f u e l  i n  Radiometallurgy agree well  
with these  data, Metallographic study reveals  grain boundary 
t ea r ing  voids i n  t h e  cooler zones and c l u s t e r s  of spherical  
voids or ien ted  t o  some degree w i t h  deformation bands o r  twins 
i n  t h e  hot c e n t r a l  zones of t h e  i ron-si l icon bearing uranium, 
Examination of t he  uranium w i t h  iron-aluminum addi t ians  reveals  
it t o  be free of either of these two types of voids ,  

One f u e l  element 

Peak f u e l  . swel l ing determined by pre- and post-bulk densi ty  

Alternate  Uranium Compositions, Studies a r e  i n  progress t o  
evaluate uranium base a l loys  i n  terms of composition, f u e l  fabri- 
ca t ion  h is tory ,  corrosion behavior, and i r r ad ia t ion  performance, 
Seventeen a l l o y s  planned f o r  i r r a d i a t i o n  i n  NaK capsules have 
been fabr ica ted  i n  Zr-2 c lad  rods which are now awaiting heat 
treatment e 

?he cladding-fuel i n t e r f ace  of the  coextruded rods from t h e  f i v e  
a l l oys  that contained approximately 2 vt% of e i t h e r  Zr, Nb, or  
Mo is  smoth and t h e  cladding thickness is uniform, On t h e  co- 
extruded r d s  from t h e  remainder of t h e  a l loys  there  i s  l i t t l e  
va r i a t ion  i n  the  cladding thickness 
in t e r f aces  a re ,  i n  some rods, rough and i r r e g u l a r n  This un- 
doubtedly resu l ted  from la rge  grains i n  t h e  f u e l  core  coextru- 
s ion b i l l e t s ,  

but the  cladding-fuel 

The large grain s i ze  has been t raced t o  the  heating 
i n  the  beta heat treatment of the  as-cast b i l l e t s  

- % % a .  - 
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pr io r  t o  the primary extrusion s tep ,  
however,  are usable, snd i r r a d i a t i o n  samples w i l l  be mrchined 
from them following the  heat treatment s tep ,  

The coex t rudd  rods,  

Post- i r radiat ion Evaluation of Co-Product Driver Rements, 
Radiomrtallurgical eraanination is  being conducted on a 1,25% 
enriched co-product d r ive r  elelPsnt irradiated i n  KER Loop 3 
t o  about 1850 Mud/ton, 
i n  fuel VOW as determined by comparison of pre- and post- 
bulk dens i t i e s ,  Metallographic emmination of t h e  end closures,  
which a r e  of the tapered or "chevron" design reveals  no in= 
s t a b i l i t y ,  A crack vas observed in  t h e  f ie1 between the  clad 
w a l l  and tapered side of the  cap, but there is no accompanying 
deformation in t h e  clad, Possibly the crack i s  a result of 
post-Irradiat ion handling of the  40-pound f u e l  element. 
gcaphic examination reveals a considerable amount of grain 
boundary t ea r ing  i n  t h e  fuel adjacent t o  the clad, This region 
displays a "hashed" or swirled microstructure cha rac t e r i s t i c  of  
uranium I r r ad ia t ed  a t  about 400 C,  Mare grain boundary t ea r ing  
is observed 013 t h e  OD side of the Atel than on t h e  I D  side, 
The hot central zone of t h e  uranium displays a recovered or re- 
crystallized s t ruc tu re  that is hcsvi ly  twinned., Considerable 
rpher ica l  porosi ty  i a  resolvable  at lOOOX magnification, and it 
appears t o ' b e  c lus te red  and oriented t o  some degree w i t h  t h e  
twins 

?he element experienced a 3e3% increase 

Metallo- 

Coextrusion of A l u m i n u m  Clad Tarmt W t e r i a l ,  A series of six 
coextrusion b i l l e t s  containing 1-1/21 Li-A1 cores were extruded 
from t h e  k-inch container et a reduction of 34,3 to 1 i n  an  
effort  t o  determine b i l l e t  i n t e r f ace  conditions which will 
prevent t h e  aluminum Cladding from bonding t o  the L i - A l  core a t  
h i @ e r  reductions,  
when extruding the  target nmterial on t h e  product department 
extrusion press, Ihe  Li-A1 cores were dry mrchined t o  f i n a l  
aize and the  aluminum b i l l e t s  cans were degreased and dried, 
The care  ODss and can I D p s  were then prepared before f i n a l  
b l l l e t  assembly as follows: 

me higber reductions w i l l  be encountered 

Can - Core - B i l l e t  No, 

1 As mrrchined As degreased 
' 2  As mschined Dry blasted and 

powdered graphite 
wiped on, 

3 Dry blasted and powdered Same as core 
graphite wiped on., 
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B i l l e t  No e Cor e - Can - 
- 

4 Dry b las ted  and -325 Same as core 

5 Same as #3 S a m e  as #3 
6 Dry blasted and powdered S a m e  as coreo  

mesh B O 2  wiped on, 

lead wiped on, 

Following preparation of t h e  in te r faces ,  t h e  b i l l e t s  were sealed 
by vacuum beam weldingo 
extruded with a ram speed of 1 5  in/min through too l ing  heated t o  
250 C, 

The b i l l e t s  were heated t o  300 C and 

The results of t h e  clad-to-core bonds i n  the  extrusions were as 
f ollows : 

81 - nearly complete bond 
#2 - very l i g h t  bond (less than 5% of poss ib le )  
#3 - no bond 
64 - l i g h t  bond ( l e s s  than 10% of poss ib le )  
#5 - no bond 
#6 - very l i g h t  b r i t t l e  bond, 

The above results show t h a t  by dry b l ag t ing  t h e  core and c lad  
sur faces  and rubbing powdered graphi te  onto the  b las ted  surfaces,  
enough graphi te  can be held i n  t h e  b i l l e t  in te r faces  t o  prevent 
bondingo A f laked graphi te  was tried; however, it would not s t a y  
on t h e  blasted surfaces, Apparently t h e  f l akes  were too  l a r g e  t o  
rub i n t o  t h e  p i t s  c rea ted  by t h e  dry b l a s t ing ,  

!be powdered graphi te  technique i s  j u s t  as e f f ec t ive ,  if  not more 
so, than a coating-& A w s g  previously t r i ed  i n  preventing 
bondingo 
contamination as it is i n i t i a l l y  a water solut ion u n t i l  it d r i e s ,  
and it i s  doubtful  t h a t  a l l  t h e  water is removed i n  drying, The 
powdered graphi te  can be vacuum dried t o  reduce t h e  p o s s i b i l i t y  
of contaatination from misture which may be held i n  t h e  powder-. 
I h c  graphi te  used i n  t h e  above tes t  was not d r i e d -  

lhe Aquadag introduces a grea te r  p o s s i b i l i t y  of hydrogen 

Target Element Core Material- The development has been i n i t i a t e d  
on a ceramic or cermet core  f o r  t a r g e t  elements t h a t  w i l l  with- 
stand sustained temperature excursions up t o  1200 C ,  Two basic 
systems a re  under invest igat ion,  those with i i th lum aluminate and 
those with l i th ium meta s i l i c a t e ,  The s i i i c a t e  system has r e -  
ceived t h e  most a t t e n t i o n  thus f a r  because cf t h e  higher l i thium 
dens i ty  and t h e  a b i l i t y  t o  form iow melting glasses ,  thus  f a c i l i -  
t a t i n g  t r i t i u m  recovery, O f  all. t h e  compositions invest igated,  

+ 95% Lr2S10j and 5 %  Al + 95% ~ i 2 s i 0 3  
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appear the most promising, In  both of these cases t h e  addi t ives  
tend t o  give t h e  compact green s t rength  and the  compacts s i n t e r  
into a very hard p e l l e t ,  A means of quan t i t a t ive  evaluation for 
each p e l l e t  is  being developed, 

Tarmt Element Development, As part of the continuing program 
for the evaluation of t h e  i r r a d i a t i o n  performance of alternate 
tar@ materials, samples of L i A l @  and Li2SiO3 were irradiated 
in.= Loop 2 as aluminum cermets, mixtures of t h e  two  powders, 
and as seps;rate powder samples, The target msterials were sealed 
i n  an inner can of aluminum and an outer can of 2 - 2 ,  

Rom mss spectrometer analysis of t h e  fYee gas evacuated from 
inside t h e  aluminum cans, it appears t h a t  tritium product re- 
lease a t  t h e  i r r a d i a t i o n  temperature was grea ter  from LiAl02 
than from LI2SiO3 + ZAl@ mixture, 
annuat and composition of gas re leased  during pos t - i r rad ia t ion  
hea t ing  of these cores w e  plazined, 

Tests t o  determine t h e  

To obtain add i t iona l  data on the  &as composition and t r i t i u m  
release during i r r a d i a t i o n ,  two  t a rge t  elements of L i A l %  and 
two of U2SiO3 have been fabr ica ted  and charged i n  KER loops, 
During f ab r i ca t ion ,  c a r e f u l  con t ro l  was exerted t o  assure t h a t  
before charging the target cores were f r e e  of misture and 
extraneous gases, 

A f ina l  r epa r t  on t h e  corrosion t e s t i n g  of i n t en t iona l ly  de- 
fec ted  L i - A l  a l l o y  cores doubly canned in 2 - 2  and aluminum has 
been written, 

Tar& Elements. 
alloy was f u r t h e r  tested t h i s  month by induction heating samples 
in vacuo i n  a small i ron  capsule within a quartz tube t o  t h e  
maldmrm temperature obtainable w i t h  t h e  equipment, 
the snuller size of the  i ron  susceptor,  mxinmun temperature 
achieved was between 900 and 1000 C, This temperature was held 
approximrtely 20 minutes at SlO'5 Torro Although the re  was some 
arblimstion of the bisrmth, with recondensation on the  waU of 
t h e  quartz tube, t h e r e  was no evidence of fusion or l iqua t ion  of 
the specimen, 

?he high mclting point (1145 C) Be/9 Ve% L i  

Because of 

Reconsideration of t he  requirements has brought up t h e  question 
of whether iron would be s u i t a b l e  as an inner jacket because of 
(a) i ts  r e l a t i v e l y  h i g h  neutron cross-section3 and ( b )  i t s  hrgh 
r a d i o a c t i v i t y  a f t e r  i r r a d i a t i o n ,  It has been suggested t h a t  an 
aluminum inner jacket would be  p re fe rab le ,  The f a c t  t h a t  t h e  . 
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aluminum would m e l t  a t  t h e  t r a n s i e n t  temperature i s  not eon- 
sidered harmful, s ince  it would be molten i n  contact  with t h e  
Zircaloy jacke t  f o r  an estimated maximm of two hours which 
would be t o o  shor t  a t i m e  f o r  deep penetrat ion t o  develop, 
The advantages of  low neutron cross-section and shor t  ha l f -  
l i f e  daughter products make aluminum b e t t e r  su i ted  t o  t h e  re- 
covery process which involves mechanical removal of t h e  Zircaloy 
jacke t ,  with t r a n s f e r  of t h e  ca r t r idge  t o  t h e  ex t rac t ion  c e l l ,  
and probably heat ing t o  r e m v e  t h e  H3, 

It i s  planned t o  make some protatype specimens of t h e  kinds des- 
c r ibed  t o  study: 
2) Behavior of core  materral i n  h igh  temperature steam, 
3 )  Behavior during i r r ad ia t ion ,  and 4 )  Extrac tab i l i ty  of t r i t i um,  

1) Compatibility of components a t  %lOOO C, 

N-Reactor Department requested a load of t a rge t  elements for 
prec ise  measurements i n  t h e  PCTR, The spec i f ica t ions  required 
t h a t  t h e  l i t h ium content be cont ro l led  t o  2 2% f o r  t h e  elements 
on which the  actual measurements were t o  be taken and t o  9, 3% 
f o r  t he  rest of t h e  load, Variation i n  l i t h ium content over t h e  
length on an individual  element had t o  be cont ro l led  t o  2 4%, 
This degree of con t ro l  could not be achieved i n  lithium-aluminum 
materials, nor could t h e  materials even be analyzed w i t h  t h i s  
accuracya Lithium f luo r ide  w a s  suggested as a subs t i t u t e  and 
accepted. Mterials were procured, fabr ica t ion  methods were 
developed, and the elements were completed within a five-week 
period, The mogt c r i t i c a l  elements showed 8 var i a t ion  of 
2 0,4% along t h e  length and a maximum var ia t ion  of 2 2,0% f o r  
t h e  rest of  t h e  load, The t o t a l  l i th ium content i s  known t o  
within a f e w  milligrams, Thus, t h e  o r i g i n a l  spec i f ica t ions  
were not only m e t  e but exceeded. 

Weldinn of Lithium Fluoride T a r g e t  Elements. A group of target 
elements were &e from p e l l e t s  of l i th ium f luo r ide  canned i n  
aluminum tubes and then i n  Zircaloy tubes-  

Ihe  aluminum tubes were fabr ica ted  i n  three s teps ,  An end cap 
wa8 welded i n  one end of t h e  empty tube using AC TIG wrth argon 
&ss; after f i l l i n g  with p e l l e t s  t h e  second end cap with a 1/16- 
inch weep hole was welded in to  t h e  second end? 
then evacuated while t h e  circurpference was welded using AC T I G  
and &gon gas, 
closed using DC TIG and helium gas,  This operation was nranual 
and required r ap id  welding t o  minimize heat ing of t h e  tube and, 
consequently, weld porosi ty .  

The tube  was 

A pin was then driven i n  t h e  hole, and it w a s  
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TheZircaloy tubes w e r e  welded i n  a helium f i l l e d  glove box 
using DC TIC, Supports had previously been welded onto t h e  
tubes by r e s i s t ance  welding mer an expanding copper mandrel, 

Be-Zr Wire Fabrication, 
of Oa025-in~h Zr-5% Be wire be attempted by a process of suc- 

PJRI) requested t h a t  t h e  fabr ica t ion  

cess ive  coertrurion as proposed by h o e  
ingots of &-5% Be were ertruded in mild steel cans t o  1e03- 
inch diamster rods a t  800 C a  These w e r e  recanned i n  mild s t e e l  
end wagad at 800 C t o  0.25-inch diameter, cu t  t o  6-inch lengths,  
and bundled i n t o  a mild steel can, 
round rods in the can were v ibra t iona l ly  packed with i ron powder 
to about 80% of theo re t i ca l  densi ty ,  and the  can w a s  vacuum 
sealed. 'Be canned bundle was preheated t o  800 C,  extruded t o  
1.03-inch diameter, and swaged a t  800 C t o  Ob75-inch diameter, 
A t  t h i s  point a break i n  the mild steel c lad  occurred which 
released molten mterial. ?he brerk  was trimmed o f f ,  t he  rod 
recurned i n  s t a i n l e s s  steel, and swaging resumed u n t i l  another 
break occurred, The rod was again racanned in stainless steel 
and swaged at 725 C t o  f i n a l  diameter, The r e s u l t i n g  rod i s  
cur ren t ly  i n  an ac id  bath t o  remve the iron and mild steel ,  

&o %inch diameter 

?he spaces between t h e  101  

Apparently a mor port ion of t he  rod has been overheated 
s u f f i c i e n t l y  t o  cause f o m s t i o n  of an Fe-&-Be eutec t ic  which 
is d i f f i c u l t  t o  remDve by etching without adversely a f fec t ing  
the wire, 
usable Wires after etching, 
indicate that the  basic  process -1 be successful by using 
lowar temperatures e 

Approrimrtely two feet of the  rod w i l l  provide 
Both extrusion and swaging data 

N-Fuel End Closure Development, E l l i p t i c i t y  of  cladding a f t e r  
chemical mill ing,  and pa r t i cu la r ly  lack  o f  concentr ic i ty  of 
cladding are  problem hindering development of the " T I C  Braze" 
and t h e  "Electron Beam Welded" closure far Ii-outer and N a i v e r  
fuel elements. Tooling has been designed, fabr icated,  and 
deamrutrated f o r  s i z i n g  and t ru ing  the  f r e e  standing cladding 
(after chemical mil l ing)  in t h e  end closure region, 
c h i d i n g  is  sized by spinning, and t he  ins ide  cladding i s  sized 
md trued (with respect  t o  t h e  outer  cladding) by a device 
which approxiastes tube rolling, I n i t i a l  experiments have 
produced excellent cap f i t  up r e s u l t i n g  i n  welded closures that 
have consis tent  welding conditions 

%e outer 

N-Reactor Fuel Support Development, Mechanical propert ies  data 
w e  being obtained as ground work for possible design changes in  
the N-inner f u e l  support. Loaddeflect ion cha rac t e r i s t i c s  and 
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fa t igue  data a r e  being obtained from t e s t  assemblies t h a t  
d u p l k a t e  support configuration of an assembled inner f u e l  
element. lb do t h i s ,  t h r e e  supports a r e  attached t o  an inner 
fuel tube, and the  assembly is  processed through a l l  t h e  
nrrnufacturing s teps ,  including s i z i n g  up within an  outer  fue l  
element, bad-def lec t ion  curves have been obtained f o r  
assemblies using 1/8, 3/16, and l/h-inch wide supports from 
t h e  standard 0,036-inch gage s t r i p ,  and fatigue curves are 
p a r t i a l l y  complete, Work has been s t a r t e d  t o  obtain similar 
assemblies having 1/8-inch wide supports from 0,040-inch and 
0,050-inch gage s t r i p ,  

Fuel Measurements3 Ten columns of f u e l  element assemblies 
with l,25% enriched spike outers  have been weighed and 
measured f o r  NRD, 
i n t o  &Reactor on October 1 w i l l  be remeasured a f t e r  discharge 
t o  a i d  i n  evaluat ing in-reactor performance, 

These 144 assemblies which w i l l  be charged 

2 ,  Corrosion and Water Qml i t y  Studies  

Corrosion of AluminueSilicon Alloys Alummum a l l o y s  con- 
t a in ing  from seven t o  t en  percent S i  and 0 and one percent N i  
are being evaluated f o r  use i n  t he  present r eac to r sa  
series of tests have been completed, and t h e  r e s u l t s  a r e  being 
evaluated. In general, t h e  r e s u l t s  ind ica te  l i t t l e  difference 
i n  the  corrosion r e s i s t ance  of any of t h e  a l loys  with the ex- 
ception of one which contains no nickel ,  This a l loy  is l e s s  
corrosion resistant than t h e  o thers ,  espec ia l ly  at h i @  
temperatures, The second s e r i e s  of t e s t s  have begun, These 
tes ts  w i l l  evaluate material which h a s  been through the 
an t ic ipa ted  manufacturing process f o r  t h e  f u e l  elements, 
Longer term da ta  i n  the  nonisothermal loop a r e  also being ob- 
ta ined 

The f i r s t  

Evaluation of Nickel-Plated Aluminumo An in-reactor t e s t  t o  
evaluate nickel-plated aluminum fo r  high f l u x  appl icat ions 1s 
baing conducted i n  t h e  C-1 Loop. Three plutonium-aluminum fue l  
elements and f i v e  aluminum dummy elements were plated by a 
chemical nickel  process, ?he elements were heat t r e a t e d  a t  
400 C (752 F) fo r  2,5, 10, and 40 hours t o  form r e l a t i v e l y  
th i ck  d i f fus ion  layers  i n  an attempt t o  preclude in-reactor 
spalling of the p la te , "  observed i n  previous in-reactor t e s t s  - 

The C-1 Loop has been a t  temperature (260 C o r  500 F) neut ra l  
water, s ince  September 6 ,  1964, A thermocouple inser ted  i n  one 

1 2 2 9 5 9 8  
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of &he PUAl elements i s  reading 282 C and has remained a t  t h i s  
temperature s ince  the beginning of the test  

Out-of-reactor tests at 330 C (626 F) in pR-7 water (low flow) 
and pH-10 w a t e r  (25 f t / s e c )  a r e  continuing, 

R e t t i n g  Corrosion of &Reactor Process Tuba. To evaluate 
poasible f r e t t i n g  corrosion problems i n  N-Reactor, two &Reactor 
fuel elemrnts and an &Reactor tubular spacer were exposed in  a 
hor izonta l  6-foot l eng th  of PJ-Reactor Zircalay-2 process tube i n  
TF-7 for 45 days t o  a water flow of 35 g g m  a t  277 C, pH-10 with 
EQOH.  Baroscope eramination showed eight f t e t t i n g  mvks on the  
lower half of the process tube where it had been contacted by the 
suitcase-handle suppmts ,  and two o ther  narks caused by the pro- 
jections on the carbon steel spacer, No msrks were found on the  
upper half of the tube,  The depth of the msrks has not been 
determined. There was no damage t o  the supports; the carbon 
s t e e l  shoes relnrinad a t tached ,  F r e t t i n g  corrosion of the process 
tube had been observed in previous tests 'with external vibra t ion  
applied t o  the tube; this is the first  f r e t t i n g  t e s t  i n  TF-7 
without an external exc i t i ng  force  other than tha t  induced by 
the flow and pump, 

Corrosion Robes.  Corrosion probes (which continuously monitor 
Corrosion by mhasuring t h e  change in e l e c t r i c a l  r e s i s t ance  of 
the sample) are being developed far use at  t h e  temperatures, 
preaaures, and pH present i n  the SReac to r  primary and secondary 
cool ing  systems. 
in pE 9-10 boUing water have perfarmcd s a t i s f a c t o r i l y  f o r  38 
days., 
i n su la to r  after 24 days, 

One probe i n  a 320 F steam atmosphere and two 

One steam probe failed due t o  swelling of t he  e l e c t r i c a l  

Testing of MILOH i n  m-1, 
(thermocouple elements) were charged a t  the  upstream and down- 

Two instrumented crud de tec tors  

s t ~ e a m  ends of =-1 t o  monitor t h e  effect of temporary l o s s  of 
coolant q u s l i t y  on crud formation, deposit ion,  and t r anspor t ,  ' 
There de tec to r s  are an improvement over previous designs i n  t h a t  
they  have cermet rather than ceramic cores t o  minimize possible 
changes in temperature readings due t o  enrichment s h i f t ,  

It had been intended t o  start t h e  tes t  w i t h  standard N-Reactor 
rater Quality t o  establish a reference point for l a t e r  inten- 
t i o n a l  variations., 
following s t m t u p .  Fine black nragnetic p a r t i c l e s  (nmgetite) 
were found i n  near ly  all coolant samples with solids concentrations 
up t o  10,000 ppb, compared t o  a normal 20-30 ppb, 

However, t h e  v a t s  qua l i t y  vas very poor 

The loop 
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s t r a i n e r  becam badly plugged with f i n e  brown-grey p a r t i c l e s  
which were very radioact ive,  The f i l t e r s  i n  t h e  cleanup 
systsm also becanre clogged, Specif ic  res i s tance  has been 
very low (18,000 ohm-cm) , ind ica t ing  nuch dissolved ionic 
material i n  addi t ion t o  N Q O H ,  
water qua l i t y  has been obtained s ince s t a r t u p  by ion-exchange 
and feed-and-bleed cleanup, 

Limited improvement i n  the-  

The iden t i ty  and source of t he  foreign material  i s  not known, 
The process tube w a s  decontaminated during t h e  outage p r io r  t o  
t h e  start of t h e  tes t ,  It i s  possible  t h a t  some of the decon- 
taminating solut ion was trapped in  dead legs ,  If so, t h i s  
could account f o r  t he  conditions observeda 

All e i & t  thermocouples i n  the  de tec tors  a r e  functioning, The 
cladding temperature has increased about 10 C i n  10 days, pre- 
sumrbly as a r e s u l t  of crud deposit ion but appears t o  have 
leveled out as The coolant qua l i ty  improved, 

Corrosion of Copper Alloys by Amnronia, Stressed corrosion 
samples of several  copper a l loys  exposed i n  N-Reactor piping 
compartments t o  a i r  'in which ammonia vapor was present from 
leaking valves were examined fo r  corrosion cracking, 
found, even on s t ressed  samples of B-147 manganese bronze which 
had been found cracked i n  previous tests, 

None was 

No a m n i a  stress corrosion cracking or p i t t i n g  was found on 
two bronze valve-stembushings exposed f o r  3-1/2 months i n  an 
ex-reactor test  loop t o  vapors from high temperature ammoniated 
water leaking through the valve-stem packing. 

Interference. Effects  i n  Chloride Analysis, ?he autometed 
spectfo&otometric p rocedke  used fo r  chlor ide ana lys i s  at 
NlReactk is subject  t o  in te r fe rence  by N Q 0 H  and N2H4, It 
was found that the  NH40H in te r fe rence  could be eliminated by 
reversing the  reagent addi t ion  sequence t o  ac id i fy  the  sample 
stream pr io r  t o  adding t h e  mercuric thiocyanate reagent,  The 
reagent addi t ion technique does not appear t o  be e f f ec t ive  fo r  
N2H4 i n t e r  f erenc e ., 

100-K Heat Recovery Sy stem, 
the  effect of commercial dycol-base ant i - f reeze mixtures on 

Tests were conducted t o  determine 

t h e  corrosion of heat exchsnger tubes i n  the 100-K heat recovery 
system, Several copper a l loys  were exposed i n  s t a t i c  tests fo r  
s ix  nonths at 90 C, The corrosion i n  t h e  commercial products was 
lower than i n  t h e  present ethylene glycol by fac tors  of 3 t o  29, 
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Gas-Atmosphere Studies - 
Graphite-Zirconium Compatibility in N-Reactor An inter im repa r t  
'tHW-80527) has been completed that descr ibes  the nrrthematical 
model used t o  analyze t he  compatibi l i ty  problem and presents 
data curren t  t o  t h e  time of ca lcu la t ion  of the operat ing range 
far water-vapor partial pressure in t h e  I-Reactor * S a  The fol- 
lowing addi t iona l  results re levant  t o  the  compatibi l i ty  range 
have been obtained recent ly ,  

Calculations ind ica t e  that t h e  radiation-induced water-carbon 
laonoxide reuct ion w i U .  go t o  completion i n  t h e  dose f i e l d  expected 
i n  IV=Reactor (1-3 x lo9 R / h r ) ,  
not yet  available, however, t o  determine t h e  equilibrium value 
in t he  r ad ia t ion  f i e l d ,  

Suf f ic ien t  experimental data a r e  

* The pr io r  ca lcu la t ions  used rate constants  for t h e  water-graphite 
reaction determined a t  zero percent burnoff, However, it has 
been determined (see HW-SA-3439) that the reac t ion  r a t e  is a l s o  
influenced by the extent  of burnoff. The calculated e f f ec t  of 
chnging t h e  rates t o  account for burnoff is t o  reduce the  range 
of permissible uater concentrations in t he  r eac to r ,  However, 
when t he  latest  data on the rate of diffusion of w a t e r  through 
hot S a p h i t e  a r e  used, the effect i s  t o  increase the  range of 
permissible vat- concentration, Experiments i n  progress in t he  
&~rs compatibi l i ty  loop should serve as an experimental check on 
these  computer C a l C U l e t i O n S a  

4. ! h e r d  Hydraulic Studies 

Transient Heat P a n s f c r  Experiments f o r  N - R e a c t a r ,  Ihe  analys is  
of results o f  a laboratory experiment inves t iga t ing  loss-of- 
coolant accidents  for N-Reactor fue l  tubes vas completed, and a 
document (HW-84104 ) "Transient Thermal Hydraulic Experiments- 
I-&actor Connector Break'was prepared, In  these experiments 
the changes in flow, pressures, and temperatures following a 
m i a a h t e d  rupture of the inlet connector t o  a s ingle  tube were 
invest igated.  Tests were performed on an e l e c t r i c a l l y  heated, 
fuU-aca le  model of  the downstream h a l f  of an N-Reactor f u e l  
co lum w i t h  prototypic pressure tube and f i t t i n g s ,  "he s i d a -  
t i o n  of the break was accomplished by means of quick-scting valves ,  
Hot pressurized water w a s  supplied t o  the t e s t  sect ion from a 
lOOO-&.lon pressure vesse l  during the t r ans i en t ,  
generated in the tes t  sect ion was reduced a t  a r a t e  corresponding 
t o  a 1500-inhour scram; scram delays following the  simulated 
break ranged from 1,5 t o  27 seconds, 

'The heat 
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On the  basis of these  experiments, the following conclusions 
r e m d i n g  reac tor  operation under similar circumstances were 
made T 

1, 

2. 

3. 

4, 

5. 

6, 

Pressure f luc tua t ions  during t h e  flow reve r sa l  would 
damp out i n  one or t w o  seconds without la rge  pressure 
surges , 

The i n l e t  connector ventur i  pressure d i f f e r e n t i a l  w o u l d  
experience some vio len t  f luc tua t ions  following t h e  break 
and should provide a good indicat ion of a break, provided 
t h e  sa fe ty  c i r c u i t  response t o  these  f luc tua t ions  i s  
adequate , 

The flow reversal would e s t ab l i sh  i n  l e s s  than a second 
following the break. 

Tvo c r i t e r i a  were found for a to l e rab le  scram delay for  
a postulated "worst possible  connector breaka" Zhis 
break' was assumed t o  occur upstream of the b u t t e r f l y  
valve in the  c e n t r a l  zone; the  b u t t e r f l y  valve closing 
t o  i ts  s top during the reverse f low,  The f i r s t  c r i t e r i o n  
states tha t  t he  scram should occur before the a r r i v a l  of 
a two-phase coolant mixtute a t  t h e  closed b u t t e r f l y  valve 
a f t e r  t h e  flow reve r sa lo  If a two-phase coolant mixture 
i n  reverse  flow passes t h e  bu t t e r f ly  valve before i t s  
closure occurs, the second c r i t e r i o n  states t h a t  t h e  
scram should occur before the  b u t t e r f l y  valve c loses ,  

With a 1.5-second scram delay, a 5000 kw tube should 
survive the above postulated accident ,  
be such that a bo i l ing  burnout occurs on t h e  heat  t r a n s f e r  
surfaces  following t h e  accident,  average f u e l  temperatures 
would not rise mre than 375 F based on conservative 
estimrtes a 

Should conditions 

For breaks downstream of t h e  b u t t e r f l y  valve, t he  flow 
r a t e s  would be much higher than fo r  breaks upstream of 
the valve,  Zherefore, longer scram delay could be 
tolerated,  2- 

On the basis of laboratory exper imnts ,  a semi-analytical m d e l  
w a s  developed t o  describe the temperatures i n  an N-Reactor fue l  
colunm following a break of an i n l e t  r i s e r  supply l i n e ,  These 
experiments were performed on an e l e c t r i c a l l y  heated m d e l  of 
t h e  downstream ha l f  of an N-Reactor f u e l  c o l w  w i t h  prototypic 
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connectors and f i t t i n g s .  The break was simulated by quick- 
ac t ing  valves, and t h e  e l e c t r i c a l  heat generation vas reduced 
in such a -er t o  simulate N-Rcactor scram curves, 
t h e  exper imnta t ion  the  t r ans i en t  temperatures of the  simalated 
fuel elemhnt were measured by thermocouples embedded a t  various 
locationr along and around t h e  element, Because of t h e  slaall 
var ia t ions  i n  the i n t e rna l  heat t r a n s f e r  cha rac t e r i s t i c s  be- 
t w e e n  t h e  sinulated and t he  actual fue l ,  it was necessary t o  
develop analytical x x l e l s  t o  relate the  observed temperatures 
in t h e  sirmlrted f u e l  t o  predicted temperatures of the ac tua l  
fuel, Such an a a s l y t i c a l  model was developed and tested by 
comparison t o  the experimental r e s u l t s ,  This comparison rc- 
s a t e d  i n  partial ve r i f i ca t ion  of t h e  model for the  ear ly  
seconds of t h e  t r ans i en t  when heat losses  a r e  smU in  com- 
parison t o  the t o t a l  hea t  generated. F'urther comparisons w i l l  
y i e ld  informrtion necessary f o r  t h e  quant i ta t ive  establishment 
of losses. 
correc t ions  t o  the ana ly t i ca l  model w i l l  be ;made, 

During 

Once t hese  losses a r e  known empirically,  appropriate 

Hydraulics Tests f o r  t h e  R e s e n t  Production Reactors, Flow 
tests w e r e  performcd on a 2-1/2-inch Fisher pressure regulat ing 
valve used t o  regulate har izonta l  cont ro l  rod coolant a t  C- 
Reactor. 
c h a r a c t e r i s t i c s  of th i s  k v e ,  it was noticed that it was un- 
expectedly operat ing in a p p r e n t  cavi ta t ion .  
the test vas t o  inves t ig s t e  the reason f o r  t h e  apparent cavi- 
t a t i o n  and t o  develop mtthods or procedures t o  cor rec t  it, 
Upon t e s t i n g  and eramination of t h e  valve, it was found that 
flow conditions in the valve were not favorable far cavi ta t ion ,  
and the  noise  thought t o  be cav i t a t ion  was ac tua l ly  mechanical 
vibrat ion.  This vibra t ion  was found t o  be t h e  r e s u l t  of t h e  
uae of an incorrect  valve stem guide bushing which allowed 
excessive radial mavements of t h e  valve stem, 

Following an o f f s i t e  m d i f i c a t i o n  t o  change t h e  flow 

The purpose of 

An inves t igs t ion  was performed t o  determine t h e  e f f e c t  of a 
64-inch long tubular dummy in the upstream portion of a C- 
R a w t o r  sp l ine  tube. The purpose of t h i s  d m  piece would 
be t o  f a c i l i t a t e  rap id  and e f f i c i e n t  upstream charging. It 
vas found t h a t  the use of the tubular  dummy would be satis- 
factory from the hydraulic standpoint provided a 5-inch per- 
fa ra ted  piece i s  used t o  separate t h e  tubular portion of t h e  
charge from the  sp l ine  cap and from t h e  f u e l  column, 
pressure drop across  t h i s  tubular  piece was found t o  be 
within 2 p s i  of that o f  the  normrl upstream al l -perforated 
dummy charge present ly  being used. 

The 
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5 0  Shielding Studies  

N-Recrctor Shield Evaluation N-Reactor sh ie ld  temperature 
data a r e  now being co l lec ted  from t h e  permanent shield 
thermocouples, Experiment data have been f u l l y  processed, 
Additional ca lcu la t ions  w i t h  MAC w i l l  be made when some re- 
v i s ions  t o  t h e  MAC decks have been debugged, Tables, char t s ,  
and i l l u s t r a t i o n s  a r e  being prepared f o r  t h e  f i n a l  report, 

MAC Development, Two changes were =de i n  MAC, One allows 
t h e  fixed removal group s t ruc tu re  t o  be co r rec t ly  f i t t e d  t o  a 
va r i ab le  neutron d i f fus ion  energy group s t ruc tu re ,  The other  
change allows t h e  f i s s i o n  g a m s  ray  production da ta  t o  be read 
in ,  and properly used, independent of capture  gamma r ay  pro- 
duct ion ,, 

Bo WEAPONS - 03 PROCRAM 

Research and development i n  t h e  f i e l d  of plutonium metallurgy 
continued i n  support of t h e  Hanford 234-5 Building Operations 
and weapons development programs of the University of Cal i fornia  
Lawrence Radiation Laboratary (Pro jec t  Whitney) 
ac t iv i t i e s  are reported separately v i a  d i s t r i b u t i o n  l ists  appro- 
p r i a t e  t o  weapons development work, 

Details of these 

C ,  REACTOR DEVELOPMENT - 04 PROGRAM 

1, Plutonium Recycle Promam 

Fuels Development 

PRTR Fuel Fabricat ion and Development, 
elements are assembled and ready f o r  shipment t o  the  reac tor  
when needed, 

Four regular  PRTR fue l  

Production of t h e  new 2% Fu02 mixed oxide, 5-foot fue l  elements 
i s  now under way; however, contamination of t h e  welding box . 

(unre la ted)  has held up completion of  the  rods,  
t w o  Vipac c l u s t e r s  has been processed, and t h e  elements w i l l  be 
completed soon af te r  the  welder i s  i n  operation, 

Material  f o r  

Swaging s tud ie s  on t h e  new short  c l u s t e r  rods ind ica te  a 43- 
inch stock tube, 0,750" OD x 0,030" wall, when swaged t o  PRm 
rod diameter (0,570-0 575" O D ) ,  w i l l  cons is ten t ly  provide a 
f u e l  core  of 90% theore t i ca l  dens i ty ,  

~ L A S S I F I E D  



A obort-core fuel element cons is t ing  of U02-filled rods 
assembled in to  a 19-rod c l u s t e r  is being evaluated i n  t h e  
ED-1 loop, Short term, low temperature tests were per- 
f o r d  by t h e  Equipment Development Operation, using applied 
v ib ra t ion  t o  contpare the f r e t t i n g  c h a r a c t e r i s t i c s  of t h i s  
element with a nor- 19-rod configuration, After t e s t i n g  
at 7.5 x 105 cycles,  minor f r e t t i n g  (0.3 m ~ )  was observed 
on t h e  process tube adjacent t o  a lower support psd, How- 
ever, tes ts  a t  1.5 x 106 and 8,8 x lo5 cycles produced no 
further attack. 
water without applied v ib ra t ion  t o  determine behavior under 
sustained loop operation. 

Zhe fuel element is now being exposed t o  282 C 

UOpPu02 F'uel Repa ra t ion ,  Since the i n s t a l l a t i o n  of t h e  new 
cnatg8ssing f a c i l i t y  in Ju ly  196b, nearly 900 Kg of UO2-PuO2 
for DWR aad PRTR fuel f ab r i ca t ion  have been successfully out- 
gpssed. The treatment was accomplished using a shortened t i m e  
cycle,  in which t h e  mrterial is heated in vacuum t o  250 C i n  
3-4 hours, followed by a 1-2-hou.r hold a t  250-350 C. 
remalt of improved process cont ro l ,  none of t he  outgassed 
UCQ-Puo;! was rejected because of excessive o i l ,  carbon, 
mistwe, or other  fore ign  contaminants. 

Rocesa ing  of U02-1.5 vt% pU02 f o r  EBWR f ab r i ca t ion  is near 
completion, Approximrtely 300 Kg of t h i s  mrterial was prepared 
from U Q  obtained v i a  the least expensive route;  i o e o ,  converting 
depleted uranium t o  U 3 0 8 ,  followed by hydrogen reduction t o  U02, 
It mu necessary t o  heat-treat t h e  U02 i n  wet hydrogen (1000 ppm 
water  vapor) for s i x  hours a t  1700 C t o  eliminate an impurity 
(as yet un iden t i f i ed )  which undergoes gaseous decomposition during 
hea t ing  at 1200 C i n  vacuum p r i o r  t o  pneumatic impaction, With 
few exceptions, t h e  mixed oxide prepared from the  high-fired U02 
vas impscted t o  bulk d e n s i t i e s  exceeding 98% 133, 

A s  a 

Rocess changes introduced in  the PJupac operation t o  improve 
the dens i ty  c h a r a c t e r i s t i c s  of the  mixed oxide have resu l ted  in  
a 1% improvement. The average dens i ty  i s  l0,80 g/cc 'as compared 
t o  10,71 g/cc pr ior  t o  con t ro l l i ng  t h e  O/U r a t i o  to  grea te r  than 
2.015 and the p a r t i c l e  s i z e  t o  <65 mesh, 

Mach of the UO2-2 w t %  PuO2 previously prepared f o r  the fabrica- 
t i o n  of PRCF f u e l  rods was r e j ec t ed  because of inadequate Nupac 
d e n s i t i e s  (96098% 'ID), The low dens i t i e s  were a t t r i b u t e d  t o  
i n i t i a l l y  low O/U r a t i o s  of t he  normal U02 (5  2,01), Therefore, 
the mixed oxide (215 Kg) was recycled by crushing t o  -20, -35, 
o r  -65 mesh, a i r  roas t ing  a t  130 C f o r  1 6  hours and redensifying 
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by pneumatic impaction, Resultant dens i t i e s  averaged 98.5% TD,  
with-oxide from a l l  Nupac cans exceeding 98% TD, 
d i f fe rences  i n  densi ty  were noted f o r  t h e  d i f f e r e n t  mesh s i z e  
start ing  materials 

No major 

?he i n s t a l l a t i o n  of t he  new preheat furnace system f o r  t h e  Nupac 
operat ion has been started,  
furnaces as compared t o  three i n  the  present system, 

The new system w i l l  have seven 

PRTR Fuel Element Performance Latest  laboratory and post-irradia- 
t i o n  observations ind ica te  t h a t  unprotected, zirconium oxide-free 
surfaces, such as weld areas on t h e  inner surface of a f u e l  rod, 
are pa r t i cu la r ly  suscept ib le  t o  catastrophic  gas phase hydriding 
attack, If hydrogen-producing contaminates a r e  present i n  t h e  
f u e l  material, a crevice i s  not e s s e n t i a l  f o r  t h e  reac t ion  t o  
occur 0 

Post- i r radiat ion examination of two rods from a f a i l e d  vibrat ional ly-  
compacted UO2-1 w t %  Pu02 PRTR f u e l  element (FE-5233) with an ex- 
posure of 1900 Mwd/ton i s  continuing, 
that t h e  defective rod had a c t u a l l y  fa i led i n  both t h e  top  and 
bottom end cap regions and tha t  an incipient  failure was progress- 
i n g  i n  t h e  t.op end cap region of a suspect nonfailed rod, 
two rods Prom t h i s  element contained he1 material suspected of 
organic contamination, 

The examination revealed 

These 

Inverted Cluster Fuel Element Power generation correct ions 
?necessitated by erroneous thermocouple readings)  f o r  t h e  Mark IX-B 
U02 f u l l  length-  inverted c l u s t e r  f u e l  element ind ica te  tha t  t h e  
maximun tube power was approximsrtely 607 Kw ( 1 1 5  K w / f t  maximum) 
during i t s  i r r a d i a t i o n  i n  t h e  PRTR Rupture Loop f a c i l i t y ,  An 
average f u e l  exposure of 153 W / t o n  was accumulated during 500 
hours of operat ion,  During t h i s  time t h e  element was subjected 
to nine operat ing cyc les  including th ree  reac tor  scrams, two of 
which were from full power, 

Post- i r radiat  ion examination of  t h e  f u e l  cross-section i n  t h e  
highest  power generation region of t h e  element indicates  t h a t  
maximum f u e l  temperatures were approximately 1500-1400 C (nrarginal 
s in t e r ing ) ,  i n  a seemen t  with the  recalculated values,  

A dummy iwtrted c l u s t e r  fuel element w i t A  spike rods was de- 
signed, fabr ica ted  and assembled, and is  now ready fo r  flow 
t e s t i n g ,  

Refurbishing, 
and the  element w a s  re turned t o  the reac tor  f o r  fu r the r  ir- 
rad ia t ion ,  

Three new bands were placed on f u e l  element RI5118, 
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Cladding Evaluation. Tests t o  determine t h e  e f f e c t  of f i s s ion  
product iodine on Zircaloy cladding are continuing. A f u l l  
length rod with a svaged U02 core  contaminated with 165 mg of 
I2 ha8 now operated f o r  f a r  weeks at 400 C without f a i l u r e ,  

Additional studies have been i n i t i a t e d ,  Capsriles of Zr-2 with 
and vithout  iodine a r e  being exposed t o  350 C, 150 ps ig  steam, 
One set of capaules contains  steel cores t o  induce s t r e s s  con- 
d i t i o n s  appraeching y ie ld ,  the r eminde r  a r e  pressurized with 
He t o  produce stress condi t ions 50% of y ie ld ,  

Wire Rwiched Fuel Elements, 
elemeats containing s in te red  U02 p e l l e t s  enriched w i t h  85% 

It has been proposed that f u e l  

plutonium=zirconium a l l o y  wire be invest igated,  
approrches being considered for t h e  fabr ica t ion  of t he  wire is 
extrusion,  The d i e s  and b i l l e t  holders have been fabricated,  . 
and preperations for making the  i n i t i a l  extrusion s tudies  a r e  
in progress. 
pe l l e t8  on-site a r e  under way pending t h e  r ece ip t  of p e l l e t s  
ordered from off-oi te .  

One of t he  

In addi t ion,  preparations f o r  making some U% 

PRTR Fuel Elemant, 
the f e a s i b i l i t y  of replacing individual  rods in PRTR elements 
was fabr ica ted  for i r r ad ia t ion  i n  the MTR. 

A four-rod c l u s t e r  designed t o  demns t r a t e  

Hot wsll Hetarommaus Ebrichment. Components were assembled 
i c e  au i r rad ia t ion  t e s t  t o  evaluate the  "hot w a l l "  heterogeneous 
enrichment concept, which involves plutonium-enriched powder packed 
arouLlcf a c e n t r a l  column of pel le ts .  This concept offers simplif ied 
procedures and lower c o s t s  of f ab r i ca t ing  plutonium-enriched fue l s ,  

Corrosion and. Water Quality Studies 

PRm Corrosion Surveillance.  A f u e l  element band which was 
broken from a 19-rod c l u s t e r ,  possibly during or after discharge, 
is being ernmined t o  determine t h e  cause of fa i lure ,  A few 
localized corrosion spots  about one mil deep vere  found associated 
with crevices .  ' 5 e  hydrogen content of t h e  m e t a l  n e a r  the 
fracture was about 220 ppm. 
still in progress, 

Tensile t e s t s  and metal locaphy a r e  

A package of 10 Type 6063 aluminum coupons was suspended i n  t he  
gias space above the  moderator i n  PRaZ for about 1000 hours of 
operating time, 
atmospheric pressure with minor impuri t ies  of  4, 02, and N2, 

The gas cons is t s  of helium and D20 vapor at 
The 
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coupons a t t a ined  a temperature of 240-260 C during operation and 
are probably typ ica l  of shroud tubes i n  the  gas space, 

Pr ior  t o  exposure, s i x  of t h e  coupons were autoclaved 37 hours 
i n  high pu r i ty  D20 a t  120 C,  and four of the  coupons i n  D20 con- 
t a i n i n g  1000 ppm H3B03, Of t h e  six coupons autoclaved i n  high 
pu r i ty  D20, two were spotted with t h e  1000 ppm solu t ion  of H3BO3 
before exposure in-reactor,  Although the re  were some differences 
i n  t h e  weight changes during exposuree t h e  weight change was l e s s  
than 1,s mg/dd f o r  a l l  coupons 

An assembly of Zircaloy-2 and Zircaloy-4 coupons at tached t o  a 
PRTR 19-rod f u e l  element has been chargedn I n i t i a l  operation 
appears s a t i s f ac to ry ,  These coupons w i l l  y ie ld  information on 
corrosion and hydriding i n  t h e  PRlB  core  when discharged i n  about 
nine months, 

- 

Hi&&, Recent attempts 
have been made i n  out-of-reactor environments t o  dupl ica te  t h e  
high corrosion r a t e s  experienced on Zircaloy-2 samples exposed 
i n  t h e  ETR, Two d i f fe ren t  techniques have been employed, 

I n  the  f irst  method, Wrcaloy-2 samples were exposed i n  280 C 
(536 F) 0,Ol molar sodium d ich romte  solut ion adjusted t o  pH 3 
with n i t r i c  acid,  Following 30 days of exposure i n  the  dichromate 
solut ion,  f r e sh ly  etched samples of Zircaloy-2 showed weight 
gains of approximately 90 mg/d& compared t o  12,7 mg/dm2 for  * 

f r e sh ly  etched samples exposed sinnaltaneously t o  deionized water 
of the  same temperature, Reautoclaved samples of Zircaloy-2 ex- 
posed i n  the s a m e  d i ch romte  so lu t ion  for the  same length of time 
had weight @ins  of g 5 1  mg/d& compared t o  2,O mg/d& fo r  pre- 
autoclaved samples, 

In the  second t e s t ,  t h e  Zircaloy-2 samples were made anodic w i t h  
voltages of 1,5, 3, and 6 v o l t s ,  
a t  each of the  vol tsges ,  corrosion r a t e s  were normal, The 
Wrcaloy-2 samples which had been charged w i t h  +6 v o l t s  had an 
unident i f ied  powdery-white coat ing on t h e  surface opposite t h e  
stainless steel  cathode, This white powder was eas i ly  removed 
from the  normil Zircaloy-2 oxide surface,  

During exposures of four days 

Charging of Bulk Metal Comparisons, It has  been found t h a t  slow 
thermal cyc l ing  of Zircaloy-2 specimens coated wi th  a layer  of 
hydride can cause charging of the  bulk metal w i t h  hydrogen beyond 
the  terminal s o l u b i l i t y ,  An experiment w a s  conducted t o  deter-  
mine whether t he  r a t e  of heating and cooling during each cycle i s  
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important. 
plaaed in a molten lead bath a t  410 C (770 F ) ,  held for f ive  
minutes, then quenched i n  bo i l ing  vater. After 50 cycles,  super- 
charging of t he  bulk metal had occurred, but it vas less than 
that found after the same number of slow thermal cycles,  

A sa@e o f  Zircaloy-2 coated with hydride was 

PRTR Resrurs Tubes. 
channel 1253 on August 25, 1964. 
of 479.4 Mud (1.4 x 1021 nvt E>1 Mev) 
vas burst  tested at room temperature. The piece b u r s t  at a 
pressure of 12,240 psig, but the maximum pressure sustained 
uas 12,490 psig. 
pressure was 142,600 psi .  
played hoop e lonmt ion  i n  the  amount of 6%. 

PRTR tube 6084 was discharged from 
It has an average exposure 

A piece of t h i s  tube 

B e  maxinrun hoop stress a t  the  maximum 
Before burs t ing  the  specimen dis-  

'Lhe res i s tance  t o  crack propagation of annealed unirradiated 
PRllR Zircaloy-2 pressure tube material has  been measured a t  
room temperature far cracks of 0.38 inch long t o  2.0 inches 
long. These data indica te  that the  nominal s t r e s s  a t  propagation 
is inversely proportional t o  the 1.477 power of the  crack length .  
Extrapolation ind ica tes  that a nine-inch long crack would 
p p a g a t e  a t  PRp l  operating prossure and room temperature. 

Zirconium Inves t imt ion .  Preliminary t e s t  results of t h e  
e f f e c t s  of a direct  current  on zirconium hydride i n  Zircaloy-2 
ind ica te  a migration of hydrogen from the anode t o  the  cathode 
of the sample. Massive hydride was obseded  a t  the cathodic 
end of strip Zr-2 ( i n i t i a l l y  275 ppm average hydrogen) sub- 
jected t o  5 5  amps DC a t  1 .4  v o l t s  for approximtely four days, 
F'urther t e s t i n g  will determine if  the observed migration of 
hydrogen is ac tua l ly  due t o  the d i r e c t  current  or whether it 
is a thermal phenomena. 

Ceramic Fuel Washout. The first of a s e r i e s  of ceramic washout 
tests vas s t a r t e d  in t h e  IRP b o p  using a Zircaloy-2 c lad  U@- 
1/2 ut% €bo;! fuel rod fabr ica ted  by t h e  Vipac process. 
fuel rod had been exposed for about 5000 Md/ton in  the  PRZIR, 
Prior t o  XRP t e s t ing ,  the rod was cut  t o  length,  spec ia l  
holder-seals i n s t a l l e d  on each end, and a s l i t  defect 1-1/2" 
long by 1/16" wide made on the rod. IRP f i l t e r  a c t i v i t y  in- 
crsreed about 100 m/hr during several  hours  a t  t h e  start of 
t he  t es t ,  and no further increase has  occurred after 1 4  days of 
exposure a t  300 C,  1650 p s i  and 13 fps .  
increase vas probably due t o  washout of loose mater ia l  from t he  
nrachining operat  ion. 

"his 

B e  i n i t i a l  a c t i v i t y  
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Corrosion of PRTR Gaskets, Three leaking PRTR tube-nozzle 
gBskgts were removed after 18-20 m n t h s  of service and examined, 
S t r e s s  cracking was observed on a l l  three, 
sisted of a l ternate  m a p s  of  s t a i n l e s s  s teel  and asbestos ,  On 
two gaskets l imi t ed  areas of cracking were found on the  outer  
wrap; t h e  inner wraps were not examined, On t h e  t h i r d  gasket 
extensive cracking was found over most of t h e  surface of the 
outer  r i ng ,  Both radial and lateral cracks were observed; 
some extended through t h e  thickness  of t h e  wrap, The next 
three layers  of stainless steel wrap were s imi la r ly ,  although 
less severely,  a t tackedo A nonleaking gasket with 20 months of 
se rv ice  a l s o  showed extensive cracking extending over t h e  outer 
f i v e  wraps; some cracks completely penetrated the thickness  of 
t h e  metalo The e s k e t  n a t e r i a l s  are being analyzed t o  determine 
t h e  reason f o r  the cracking phenomenon, 

The gaskets con- 

PRrllR Radiation Levels, Systematic measurements have been made 
s ince  1962 of t h e  r ad ia t ion  l e v e l s  a t  several  points  on t h e  PRTR 
prixmry system during shutdowns t o  obtain data on a c t i v i t y  
buildup t rends,  A least-square ana lys i s  of these da ta  was com- 
p le ted  which shows tha t  t h e  average a c t i v i t y  has b u i l t  up since 
the  1962 decontamination from comparatively low l e v e l s  t o  l e v e l s  
(8 hours after reac tor  shutdown) ranging from 34 mr/hr on the  
bottom of the DT-2 tank t o  129 m/hr a t  t h e  i ,nlet  t o  t h e  lower 
r i n g  header, Many of t h e  apparently high l e v e l s  are ac tua l ly  
lower than those i n  1961 and 1962 before the  F ' u O p M g O  fuel 
element rupture  and decontamination; and on occasions following 
operat ion with f u e l  leakers i n  19630 
r i se  i n  rad ioac t iv i ty ;  considering t h e  long, half-l ived species 
involved, t h i s  can be expected t o  continue, 

The da ta  do show a general 

Plutonium Oxide Dissolution, Additional t es t s  were conducted t o  
determine t h e  a b i l i t y  o f  var ious decontaminating so lu t ions  t o  
d isso lve  F ' U O ~ ~  Sul fur ic  ac id  so lu t ions  (0,068 and 0,105 2) a t  
80 and 100 C were found t o  d isso lve  only about 3 x 10-5 g / l  of Pu 
f r om 200 mesh granular Pu02 i n  one houro The standard oxalic- 
geroxide-peracet i c  and oxalic-peroxide-glu onic decontaminating 
so lu t ions  a t  40 C each dissolved 2,4 x losE g / l  of Pu from 200 
mesh granular U02-l% Pu02 i n  one hour, 
i s  h i g h e r  by a f ac to r  of 10 than was obtained i n  previous tests 
with the  same solut ions using pUO2 rather than mixed oxides,  
The reason f o r  t h i s  d i f fe rence  is not known, 

PRTR Chemical Shim, 
r a the r  than an tu ra l  B f o r  addi t ion  t o  t h e  PRTR moderator as shim 
con t ro l  was continued, It w a s  concluded t h a t  t h e  enriched B can 

The l a t t e r  concentration 

hraluat ion of boric ac id  enriched t o  92% BIO 
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be used without severe economic penal t ies  if  an e f f ec t ive  
method can be developed f o r  recovering BIO from the exhausted 
ion-exchange units 

Reactar Rmineering Studies 

Second Generation Mechanical Shim Rod. The shim rod assembly i s  
undergoing environxwntal t e s t i n g  t o  character ize  water coolant 
flows and heat balancing of t he  dr iv ing  head and heat  sinks,  
Also, a nev shim-to-calandria helium seal f o r  the  lower assembly 
has been developed; the seal will use a gksket t h a t  remains on 
the s h i m  rod assembly during i n s t a l l a t i o n  and remwal. 

Fretting Corrosion InvestiRations,  A short  k r k  I fue l  dement 
of t h e  t e n t a t i v e  high power densi ty  (HPD) core configuration is  
undergoing f r e t t i n g  corrosion tests in ED-1. In i n i t i a l  t e s t s  
involving external v ibra t ion  of the process tube inlet jumper, 
the W r k  I f u e l  and PRTR pressure tube combination was subjected 
t o  center  tube motion of about 9 mils double.amplitude a t  38 cps 
and t o  loop flow conditions of 123 gpm at 150 F and 500 psig,  
m e a  tes t  runs of 77,500; 1,500,000 and 882,000 vibra t ion  cycles 
were mrde with the fuel i n  d i f f e r e n t  r o t a t i o n a l  posi t ions,  There 
was no f r e t t i n g  corrosion except for one mark encountered in the  
first rtm. Ihe  msrk (less than 1/2-mil deep) was caused by con- 
t a c t  w i t h  a lower f u e l  support pad, nese  preliminary r e s u l t s  
i nd ica t e  a dependency on r o t a t i o n a l  or ien ta t ion  of t h e  fue l  
element which is being invest igated f u r t h e r ,  

In the EDEL-1 v ibra t ion  analysis, the f i r s t  th ree  eigenvalues and 
eigenvectors have been calculated for the  pressure tube assembly, 
The tube was assumed 13.08 f e e t  long and clamped-clamped with 
two separate w e i g h t  d i s t r ibu t ions ;  one w i t h  the tube empty and 
t h e  second with the tube f i l l ed  wi th  water, The pressure-tube 
assembly was divided i n t o  three equal mass systems f o r  ana ly t i ca l  
purposes, 
t h e  tube vtrich agree favorably with v ibra t ion  data taken from 
mEG1 u e  presented below: 

The r e s u l t i n g  c h a r a c t e r i s t i c  modes and mode shapes of 

F’reqvencies. CDS 
-de Empty %be Tube 41 Water Mode Shape - 
1 
2 
3 
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F r e t t i n g  tes ts  w i t h  sharpened and unsharpened center ing  f e e t  
,(1/16 inch wide) on U02 f u e l  elements have continued i n  t h e  
"-7 loop, Earlier tests t h a t  r e su l t ed  i n  f r e t t i n g  being 
associated wi th  t h e  unsharpened feet  and not t h e  sharpened 
feet ,  r a i sed  the  question of whether t he re  had been contact 
between the  sharpened feet  and t h e  pressure-tube, The la tes t  
t e s t  appears t o  provide t h e  answero The fuel element was fn- 
s ta l led with t he  sharpened end bracket center ing feet  con- 
t a c t i n g  t h e  south side of t he  v e r t i c a l  t e s t  sect ion,  whereas 
t h e  mechanical v ibra tor  w a s  located on t h e  opposite o r  north 
s ide  (coolant flow is  north t o  south p r io r  t o  en ter ing  t h e  
t e s t  s ec t ion ) ,  
flow at  530 F and 123 gpm and a center  of t h e  t e s t  sect ion 
v ibra t ion  of 5 mils amplitude a t  27 cpsp t he  following 
observations were made 

After 27 days of exposure w i t h  loop coolant 

Contact and Fad Test Sect ion 
Location Pad Type Penetration ( m i l  1 

s - top  Sharpened 2 
S - bottom Sharp e ned 1-2 

NW - top  Not sharpened 0 
NW - bottom Sharpened (a )  1-2 
NE = t op  Sharpened 0 
NE - bottom Not sharpened e 1  

( a )  This pad not sharpened t o  an edge but narrower 
than an unsharpened pad, 

Because a l l  t h e  sharpened pads d id  not cause f r e t t i n g ,  it is 
concluded t h a t  t h e  contact  conditions between t h e  bracket feet  
and t h e  t e s t  sec t ion  can vary appreciably and thereby have a 
s ign i f i can t  e f f e c t  on t h e  f r e t t i n g  corrosion t h a t  t akes  place,  

In t h e  next t e s t  t he  f u e l  element w i l l  be in s t a l l ed  so t h a t  a t  
least one of t h e  unsharpened pads w i l l  be a t  t h e  contact  
loca t ion  designated south, 

Gasket and Closure Test S ta t ion ,  In a development e f f o r t  for 
gaskets t o  minimize D20 loss at t h e  PRTR pressure-tube and 
nozzle seals, various gaskets are being obtained and tested in  
t h e  EDEL-1, 
hours w i t h  one test s t a t i o n  used f o r  t h e  present PRTR-type 
gaskets and two s t a t ions  used f o r  vendor-Cecommended gaskets 
include t h e  following: for t h e  ou t l e t  nozzle c losure,  sp i r a l -  
wound SS-asbestos cap S s k e t s  recommended by one manufacturer 

Resul ts  of 20 simulated PRTR reac tor  cycles  in  104 
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leaked 2 ml/hr, whereas a similar type cap gasket presently 
in use a t  the  PRTR leaked 1 mL/hr. 
both t h e  test  w s k e t s  and the reac tor  gBskets (both sp i r a l -  
wound type)  had no leakage. For the  nozzle-to-tube closure,  
r&n both t h e  test gaskets and the reac tor  gasket (both 
spiral-wound type)  had no leakage except for one test  gBsket 
which improved from a leakage of 9 ml/day to  2 drops/day, 

For the  i n l e t  gBsket 

PRTR - Hiah Power Density Core, A rough draft, "Technical 
Design Criteria - PRPi High Power Density Core," HW-83932-RD, 
was issued for comments, lhese c r i t e r i a  set  f o r t h  t h e  general 
guidelines f o r  d e s i e  of t h e  high power densi ty  core which 
strives t o  meet the  Plutonium Recycle Program object ives  for 
the next f e w  years,  

l h n s i t i o n  from the present core loading t o  the  high power 
dens i ty  core is being invest igated.  Wansi t ion plans from 
t h e  present core  t o  both batch and graded f u e l  cycles a re  
being considered in d e t a i l  and will be  presented i n  an in- 
farms1 document , 

Adjoint and d i r e c t  neutron flux calculat ions were completed 
for  the 55-tube short core. The matron lifetime and delayed 
f r a c t i o n  obtained were 1.44 x l o J  seconds and 0.0028, respec- 
t i v e l y ,  fo r  t h e  hot, clean core. Both of these values a r e  
lower than previously experienced i n  PRpi and will result i n  
faster response t o  r e a c t i v i t y  changes , 

lzlernal Hydraulics Studies. Calculations were =de using a 
recent ly  proposed method t o  determine permissible tube powers 
fo r  the PRD? reduced core. This method handles i n  an exact 
ana ly t i ca l  m ~ e r  those nonsteady process var iables  whose 
mgnitude ranges within known limits. The method fur ther  
accounts for those var iab les  which cannot be  iden t i f i ed  quan- 
t i t a t i v e l y  by requi r ing  that the boi l ing  burnout heat f l u x  
lidt be higher than t he  operating heat flux a t  all points 
along the  iuel element by some f a c t o r ,  This new method is 
superior t o  t h e  older one in that it seeks t o  ident i fy  and assign 
a factor t o  each uncertainty r a the r  than t o  lump them i n t o  one 
factor ., 

These ca lcu la t ions  show t h a t  if t h e  coolant ou t l e t  temperatures 
are  maintained below saturat ion,  the permissible tube powers 
for t h e  reduced core would range upward from 2500 kw depending 
on i n l e t  conditions and flow rates., 
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Calculations were a l s o  =de which show t h a t  the  boi l ing  burnout 
limits f o r  t he  present core  determined by the  new method con- 
s i d e h g  t h e  worst appl icable  case of axial  f l u x  skewing found 
i n  the  PRTR c r i t i c a l  t e s t s  would be about t h e  same as determined 
using t h e  older  method i n  conjunction w i t h  an unperturbed a x i a l  
f l u x  d i s t r ibu t ion ,  

An adaptat ion was =de of a semi-analytical  computational tech- 
nique developed o f f s i t e  t o  study the  heat t r ans fe r  i n  "water-tube" 
f u e l  elements such as have been proposed f o r  the  PRTR, A com- 
puter code based upon t h i s  method was prepared t o  ca lcu la te  
temperature d i s t r ibu t ions  within t h e  f u e l  and the  quantity of 
heat r e j ec t ed  t o  the  various coolant passages, 

This code can be used t o  compute the  temperature d i s t r ibu t ion  
and heat r e j ec t ion  r a t i o s  of a water-tube f u e l  element cooled 
on t h e  outer  surface and by e i the r  one or two r ings  of coolant 
passages and/or a c e n t r a l  cool ing passage, The hea t  generation 
rate can be assumed a function o f  radius ,  but,  at present,  only 
constant thermal conduct iv i t ies  can be considered, 

A t  t h e  present time no experimental ve r i f i ca t ion  of t h e  general 
computation scheme has been performed, and appropriate care  i s  
required i n  t h e  treatment of t h e  r e s u l t s ,  Plans have been for-  
nulated t o  v e r i f y  t h e  method by the  use of an electrochemical 
heat t r a n s f e r  analogy , 

The above described computer code was used t o  analyze the  heat 
conduction i n  a PRTR Mk-IX B f u e l  element, The f u e l  elenrent 
was assumed t o  be operat ing a t  a peak l e v e l  of 6 kw/cm w i t h  a 
10% r a d i a l  f l u x  depression a t  t h e  center ,  The following heat 
s p l i t  information was calculated:  

Heat flow t o  center  hole = 11,707% of t o t a l  
Heat flow t o  one hole of r i n g  = 9,421% of t o t a l  
%&at 'flow ovey- outs idemsurface = 315765% of t o t a l ,  

Far a f u e l  t h e r m 1  conductivity of 0,03460 watts/cm/C and a 
coolant temperature of 265 C ,  a maximum fue l  temperature of 
1581 C was ca lcu la ted  t o  occur between the  center  hole and the  
r i n g  of holes,  
r i n g  of holes  and t h e  outside w a s  1494 C, 

The highest  temperature observed between the  

Further ca lcu la t ions  were performed t o  f ind  the  radius  on which 
the r i n g  of  s i x  coolant holes should be placed so t h a t  each hole 
and t h e  center  hole assumes an equal percentage of the  t o t a l  heat 
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generated, 
t o  2.55 cm radius  used i n  the Mk IX B. Under these conditions,  
35.3% of the heat generated is *?moved a t  t h e  outer surface of 
t h e  fuel element, 

lhis radius was found t o  be 2,38 cm in comparison 

2. Plutonium Ceramics Fuel Research 

u10-20 ut% Full I r rad ia t ion .  
sules containing US20 wt% PUN so l id  solut ion pellets is under- 

lhe second of a series of three cap- 

going post- i r radiat ion examination. The fue l  in t h i s  capsule 
has an average exposure of about 5 x 1020 f l s s i o n s / c d  with a 
calculated surface heat f l u x  of 615 watts/c&, 

Both the f u e l  pellets and the MgO guard p e l l e t  i n  contact with 
the fuel exhibited extensive cen t r a l  void foraat ion,  There was 
evidence of a fuel-clad reac t ion  zone about 0,02 cm th ick  in 
the  304 s t a i n l e s s  steel cladding, The temperature of t h e  clad 
at the in te r face  was about 600 C,  

Plutonium Ceramics I r rad ia t ions  Post-irradiation examinat ions 
of a W-W cermet (Gm-14-539) and a Pups-Pu cermet (Gm-14-550 
are continuing. 

A l t h o u a  l i t t l e  microstructural  change took e in  the  tungsten 
nrtrix of t h e  PUm-W cermet (burnup -13 x 102%ss ions / cd ) ,  t he  
PUN grains appeared t o  have become more parous due t o  i r r ad ia t ion ,  

The -=Fu carmrt (burnup 22 x 1020 f l s s i o n s / c d )  d id  not r e t a i n  
any of its o r ig ina l  dendr i t ic  microstructure. 
matal l ic  appearing phase is present in  the specimen, 

An unident i f ied 

Fu02-SS Cermets, The 20 vol% pU02-SS cermet p e l l e t s  heat t rea ted  
t o  YOU c in vacuum for up t o  400 hours w e r e  mounted and a r e  being 
polished fo r  mstsllographic examination, Twenty vol% Pu02-SS 
cermat p e l l e t s  for i r r ad ia t ion  t e s t i n g  were pneumatically im- 
pacted using compacts pre-pressed t o  abaut 78% a3, 

UOpPuO2 Fast Reactor Fuel. Studies a r e  continuing on character i -  
z ing poten t ia l  fast reactor  fue l  material obtained by ball-mill ing 
and impacting U02-Pu02 powders ., 
sintered (U,Pu)+, 4-hour and 64-hour ball-milled and impacted 
U Q - F u Q ,  impacted -02, and impacted U02 were prepared in  a 
s ingle  metallographic munt  fo r  e lectron microprobe analysis  

Specimens of  coprecipi ta ted and 

Mylar f i l m  normally used as a contamination preventive was found 
t o  have no e f f e c t  on autoradiographic resolut ion of UO2-pUO2 
samples but d id  not reduce the number of alpha p a r t i c l e s  reaching 
the  emulsion by about 10  or 20%0 
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BeO-PuO2 Studies ,  Metallographic examination of t he  pneu- 
mat ical ly  impacted BeO-Pu02 composites indicated t h e  Be0 
matrix was bonded, It was also evident t h a t  a t  least part 
of t h e  nickel  coa t ing  of t he  Pu02 p a r t i c l e s  had l i q u i f i e d  
during t h e  heat ing and was l i q u i d  during impaction, 
impurities i n  t h e  nickel  coat ing are a probable cause of t he  
l i q u i f i c a t i o n ,  
would be m l t e n  and account fo r  t h e  "metallic-appearing" 
s t r i n g e r s  i n  t h e  samples, 

The important r e s u l t s  of t h e  experiment a re :  
was bonded regard less  of whether o r  not MgO had been added as a 
s i n t e r i n g  a id ,  and ( 2 )  t he  fast neutron a c t i v i t y  r e s u l t i n g  from 
t h e  alpha-neutron reac t ion  w a s  not in tense  enough t o  present a 
r ad ia t ion  hazard even though the  nickel  coat ing had not relllained 
i n t a c t  ., 

Phosphorous 

A nickel  phosphide could have formed which 

(1) the  B e 0  matrix 

In these  experiments about 8 grams of h 0 2  were involved, and 
i n  only one of t h e  impaction cans (about 4 g Pu02) was t h e  
neutron a c t i v i t y  in tense  enough t o  de t ec t ,  This ind ica tes  t h a t  
small quan t i t i e s  of  Pu02 p a r t i c l e s  can be handled safe ly  in  the  
presence of BeO, 

Transuranic Oxide Vauor Pressure Studies Equipment f o r  measure- 
nrnt of t h e  d issoc ia t ion  pressures of t ransuranic  oxides has been 
ins ta l led ,  
continuously va r i ab le  oxygen pressures t o  below 
I n i t i a l  runs were made on cerium and praseodymium oxides and 
served t o  evaluate t h e  system, 
t o  1050 C i n  u l t r a  dry  hydrogen (obtained by passing H2 over H20 
a t  -196 C), aad both  campwnds reacted severely with the  platinum 
sample container ,  

A c ryos t a t  and Cu2O/CuO equ i l ib ra t ion  furnace allow 
a t m ,  

Both Am02 and Pu02 were heated 

Another run a t  1050 C was =de with a f e w  milligrams of Am02 
and Pu02 i n  contact  with platinum and hydrogen gas  t h a t  had been 
passed over H20 held a t  the  s u b l i m t i o n  temperature of  C02 
(PO = a t m )  and aga in  a reac t ion  occurred, This reac t ion  
is $urpris ing s ince  Ce02,x was compatible with platinum under t h e  
same condi t ions,  Current work i s  d i rec ted  toward obtaining an 
i n e r t  sample holder 

0 
?he transfer and decontamination chambers required for d i r e c t  
e lec t ron  microscopy of plutonium ceramics were completed and 
i n s t a l l e d  in a sect ion of t h e  ex i s t ing  uranium ceramics micros- 
copy f a c i l i t y ,  The t r ans fe r  chamber cons i s t s  of a portable  e l ea r  
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p l a s t i c  gluvebox f i t ted with a shaped connector f o r  attachment 
to  me microscope specimen port  and two l a rge  bag ports t o  
facilitate disassembly and transfer of the column sect ions t o  
t h e  decontamination chamber. The latter i s  f i t t e d  with an 
exi t  t o  an open f r o n t  hood, a l l a r i n g  m r e  convenient f i n a l  
cleanup of nonamearable contamination. 
pake posaible t h e  appl ica t ion  t o  plutonium compounds of most 
of the dynamic electron microscopy techniques already being 
used for study of uranium compounds. F i n a l  o u t f i t t i n g  and cold 
cu~l t e s t i n g  are  in progless. 

3. Ceramic (Uranium) Fuel Research 

These f a c i l i t i e s  will 

Tube-in-Tube Fuel Development. Autoclave t e s t i n g  of a vibra- 
t i o n a l l y  compcted t h i n  wall U02 tube-in-tube f u e l  element was 
performed at vessures ranging from 1000 t o  2000 p s i  at 400 C 
temperature for a mpximan~ of 64 hours, 
i n t o  the M-3 loop of the  ETR. It is  c lad  i n  0.063 cm (0,025") 
t h i ck  a - 2  and is. designed t o  produce 200 Kw/ft, 

This element was charged 

moria I r r ad ia t ions .  The series of tho r i a  i r r ad ia t ions  has been 
com~le ted .  This series consisted of ten  elements which w e r e  ir- 
radiated i n  the  G-EH-4 loop of t he  MTR. 
t i o n  has been completed on seven of these elements. 

Radiowtal lurgy examina- 

UQ-Stainless S tee l  Cermts. Seven s t a i n l e s s  c lad,  s ta in less -  
3.0 V O l J  uo 2 cermets wlth powder stainless end caps were fabri- 
cated by pneunatic impaction. These cermets (W,640 OD x 3-1/2" 
long) vi11 be further reduced by hot extrusion a t  an area reduc- 
t i o n  of approldmstely ten  times. This method of fabr ica t ion  i s  
t o  be evaluated as a means far fabr ica t ing  qua l i ty  f a s t  reactor  
f u e l  pins i n  three-foot lengths  w i t h  i n t eg ra l  end caps. 

Magnetic force  welding development for joining Nupac-fabricated 
stainless steel cermet fuel pins vas i n i t i a t e d  during t h e  mnth. 
Th. purpose of t h i s  work i s  t o  produce s t ruc tu ra l ly  sound j o i n t s  
between the  core and cladding of fuel 'segments without exposure 
of U02 in t h e  ueld-flash. The fuel pins (0,200" OD x b'' long) 
are t o  be joined in to  36-inch long f u e l  elements. 

Work t o  date ind ica tes  the major process problems to be resolved 
in t h i s  a r ea  are those  of jo in t  design and weld current  d i s t r ibu-  
t ion. 
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4 ,  Basic Swelling Studies 

The f irst  cont ro l led  pressure-temperature swelling capsule has 
continued t o  operate successful ly  a t  450 C (842  F )  and 1000 p s i ,  
A t o t a l  of ten  specimens of high pur i ty  uranium, U + Fe-A1 and 
U + Fe-Si, represent ing several  metal lurgical  s t a t e s  a r e  in- 
cluded i n  t h i s  capsule,  
and i s  being readied for bench t e s t i n g  pr ior  t o  inser t ion  in to  a 
r eac to r ,  

A similar  capsule has been assembled 

Post- i r radiat ion Examination, A general swelling capsule con- 
t r o l l e d  a t  700 C (1292 F ) (be ta  phase) was opened, and t h e  high 
pu r i ty  uranium specimens exposed t o  0,05 a t% B,U, were recovered, 
Solid cyl inders ,  l / 8  inch, 1/4 inch, 3/8  inch, and 1 /2  inch i n  
diameter, and s p l i t  tubes, 112 inch i n  diameter with 0,030 inch, 
0.060 inch, and 0,120 inch th i ck  walls, were included, All of 
t h e  samples looked i n  excel lent  condition with l i t t l e  or  no 
surface bumping o r  general warpage, Density measurements re- 
vealed volume increases  of from 0,6 t o  301%0 
ta ined by dividing the  percent swelling by the  percent burnup 
var ied  from 12 t o  62 w i t h  mst of the  values being i n  t h e  20-40 
range, 
high pu r i ty  uranium specimens i r r ad ia t ed  a t  high alpha temperatures-- 
625-650 C (U57-1202 F), Metallographic examinations a r e  i n  
progress,  
men i n  any way influenced the  i r r ad ia t ion  behavior, 

Supplemental Studies,  Several  t h i n  f o i l s  of uranium of several  
s i t i o n s  have been examined before and a f t e r  i r r ad ia t ion  t o  

101 nvt  (thermal), The defect  s t ruc tu res  i n  both i r r ad ia t ed  
and nonirradiated specimens look very similar Additional 
specimens are being prepared for m r e  bxtensive examination of 
defec ts  i n  nonirradiated and i r r ad ia t ed  uraniumo Attention w i l l  
be focused on high pur i ty  uranium, 

The "R" values ob- 

These are somewhat less than the  "R" values observed with 

There was no indicat ion tha t  t h e  geometry of t h e  speci- 

5 0  I r r ad ia t ion  D a m a g e  t o  Reactor Metals 

Several nicke l  base a l loys  a r e  being studied t o  determine the  
e f f e c t s  of i r r ad ia t ion  and environment upon mir mechanical 
proper t ies ,  These a l loys  a r e  being i r r ad ia t ed  a t  temperatures 
from 50 C t o  740 C (122 F t o  1364 F )  and t e s t e d  a t  both room 
temperature and 700 C (1292 F), Ninety specimens i r r ad ia t ed  a t  
280 C (536 F )  t o  exposures varying-from 5,4 x 1019 nvt t o  
8 x 1020 nvt (E>1 MeV) were shipped t o  t h e  Radiometallurgy 
Laboratory f o r  t e s t i n g  during t h e  past month? 
next m n t h  w i l l  be =de a t  room temperature- 
700 C (1292 F) will be  nade when high temperature t e s t  f a c i l i t i e s  
a r e  completed, 

Tests during the  
Tensile t e s t s  at 
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Rcf'ractory metal specimens of TZM, molybdenum, and tugs ten-25  
Re -alloys were received by Radiometallurgy Laboratory, 
specimens were i r r ad ia t ed  at 50 C (122 F) t o  an exposure of 
1 x 1020 nvt  (E>1 Mev), I n i t i a l  t e s t s  w i l l  be  nsde at r o o m  
temperature as prt of a study t o  determine t h e  e f f e c t s  of ir- 
r d i a t i o n  upon the t e n s i l e  duct i le- to-br i t t le  t r a n s i t i o n  
temperature of r e f r ac to ry  metal a l loys .  

Mstallographic examination of an Inconel 600 nonirradiated 
cont ro l  specimcn was continued, Electron microscopy s tudies  
indicate that after thermal aging a t  t h e  i r r ad ia t ion  temperature 
few prec ip i t a t e s  were farmed in t h e  s ing le  phase a l loy ,  This 
was in con t ra s t  to the irradiated specimen which showed that 
large amounts of needle-like p rec ip i t a t e s  had formed a t  the  
pain boundaries and i n  the matrix of t h e  n a t e r i a l .  

These 

In-Reactor Measurements of Mechanical Propert ies  

In-reactar creep tests on spnealed 304 SS a t  temperatures of 
500 C and 600 C (932 F and l l l 2  F )  and 20,000 p s i  s t r e s s  were 
terminated t h i s  month, The 500 C t e s t  exhibited A creep r a t e  of 
8.8 x 10°6/hr at 800 hours and t h e  600 C test  showed less than 
t h e  mininum resolvable  rate of 2,5 x 10°7/h, a f t e r  2000 hours, 
l o  reactor outages of subs t an t i a l  length occurred during these 
tests; consequently, it was impossible t o  e s t ab l i sh  whether any 
d e f i n i t e  change of creep rates occurred upon cessat ion of ir- 
rad ia t ion  e 

An ex-reactor creep tes t  a t  600 C - 20,000 p s i  yielded a creep 
rate of 2,1 x 10'5/hr at  1000 hours, 
7.6 x 10°7/hr were observed after 1000 hours f o r  two ex-reactor 
550 C (1022 F), 20,000 p s i  creep tes t so  'Ihe in-reactor creep 
test a t  these condi t ions had a creep r a t e  of lbl x 10'6/hr as 
reported in t he  June 1964 nmnthly r epor t ,  

Creep rates o f  9 , 3  and 

I r r ad ia t ion  Effects in St ruc tu ra l  Materials 

Creep and stress rupture  data will be obtained t o  evaluate e f f e c t s  
of cold work and aging on t h e  time at temperature propert ies  of 
selected nickel  U O Y S ,  A test apparatus has been constructed for 
con t ro l  and hot  c e l l  work, The device cons is t s  of a dead weight 
loading frame in which eccent r ic  loads are minimized, Specimens 
are heated by d i r e c t  h i g h  frequency induction coupling, 
por t iona t ing  temperature con t ro l l e r  regula tes  t h e  induction 
generator,  Time m n i t o r i n g  and heat  input a r e  terminated by a 
microswitch at  specimen f r ac tu re  

A pro- 
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Work has progressed on t h e  development of a thermally ac t iva ted  
f r a c t u r e  theory,  Basically,  t h i s  theory re la tes  crack ve loc i ty  
t o  t h e  ac t iva t ion  energy f o r  t h e  separat ion processo Approxinste 
ca lcu la t ions  of the ac t iva t ion  energy have been made from em- 
p i r i c a l  r e l a t ionsh ips  between t h e  t o t a l  energy of t he  atoms and 
t h e i r  d i s tance  of  separat ion,  An experiment has been devised i n  
which t h e  crack ve loc i ty  can be accura te ly  cont ro l led  and mea- 
sured, and a l s o  t h e  energy absorption ra te  can be accurately mea- 
sured, The co r re l a t ion  between theory and experiment i s  exce l len t ,  

Closer examination of t h e  theory  h a s  revealed c e r t a i n  in s igh t s  
i n t o  t h e  f r a c t u r e  behavior of metals, 
t i n c t i o n  between t h e  f r a c t u r e  process and t h e  deformation process 
i n  metals, it has been found that a l l  of t h e  physical  embr i t t l ing  
effects  i n  metals (s tudied t o  date)  can be charged t o  the  nature 
of t he  deformation process,  Some progress has  been =de i n  t h e  
past month toward r e l a t i n g  the  var ious features of t h e  deformation 
process t o  t h e  thermally ac t iva ted  f r a c t u r e  theory,  Qual i ta t ively,  
t h e  reason why some metals undergo a duc t i le - to-br i t t l e  t r a n s i t i o n  
and o thers  do not i s  re la ted t o  t h e  metals rate s e n s i t i v i t y  and 
i t s  s t r a i n  hardening cha rac t e r i s t i c s ,  The magnitude of the  s h i f t s  
i n  the duc t i le - to-br i t t l e  t r a n s i t i o n  temperature as a r e s u l t  of 
r ad ia t ion  damage i s  i n  agreement wi th  t he  theory,  

By nnrking a d e f i n i t e  dis-  

Damage Mechanisms 

The objec t ive  of t h i s  program is t o  determine how in te rac t ions  
between irradiation-induced de fec t s  and d is loca t ions  modify 
p l a s t i c  deformation mechanisms i n  a metal, ?he r o l e  of i n t e r -  
s t i t i a l  impuri t ies  i n  alpha-iron i s  cu r ren t ly  being invest igated,  

The i n i t i a l  ana lys i s  of i r r ad ia t ed  Ferrovac E and Ba t t e l l e  zone- 
re f ined  i ron  by means of therlnally ac tp l a t ed  flow methods has 
been completed, It was found that t h e  damge introduced by neu- 
t r o n  bombardment played no s i w i f i c a n t  r o l e  i n  t h e  de fo rmt ion  
at low temperature other  than t h e  temperature independent in- 
c rease  i n  the long range back stresses reported i n  an ear l ier  
monthly r e p o r t o  The s i t u a t i o n  changed, however, a t  room 
temperature where it was qui te  apparent t h a t  t h e  defects produced 
by i r r a d i a t i o n  were now responsible  f o r  t h e  slowest process i n  
the deformation and, hence, rate cont ro l l ing ,  

The uni r rad ia ted  materials appear t o  have t h e  same rate control-  
l i n g  process a t  200 K (-100 F )  and lower, but  d i f f e r e n t  processes 
are con t ro l l i ng  a t  room temperature, The l o w  temperature barrier 
f o r  both i rons i s  believed t o  be t h e  Pe ier l s  s t r e s s  h i l l ,  This 
i s  a l s o  thought t o  be the barrier a t  room temperature i n  t h e  purer 
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zone-ref inad i ron ,  while an impurity mechanism is  postulated 
for-Ferrovac E a t  room temperature. 

S I p r l l  changes in the  ac t iva t ion  volume wi th  s t r a i n  a r e  
cormPonly observed spd a t t r i b u t e d  t o  changes i n  the  r a t e  of 
dis loca t ion  mult ipl icat ion or changes i n  substructure  s ize .  
Very lprge changes in t h e  ac t iva t ion  volums as a function of 
strain =e observed i n  the irradiated samples w i t h  t he  change 
toward the value for t h e  unirradiated samples, These changes 
are believed t o  be evidence of the  "channeling" previously 
observed in molybdenum where deformation occurs i n  local ized 
regions which are subsequently swept free of the defec ts ,  

Further analys is  of these r e s u l t s  and subsidiary t e s t s  t o  
conffrn c e r t a i n  points  a r e  under way a t  t h e  present time, 

Environmental Effects 

The first cycle  (Cycle 65) of the  spec ia l  EPI E 7  loop t e s t  
employing hydrogen overpressure for oxygen cont ro l  was shut down 
i n  mid-August, and f i v e  quadrants of zirconium alloy corrosion 
test specimens were shipped t o  the Hanford Radiometallurgy 
f a c i l i t y ,  
t he  end of the cycle  by rupture  of a fuel element i n  t h e  parallel 
M-3 f a c i l i t y .  

Normal G-7 loop operations were interrupted toward 

The G 7 4  system was chemically decontaminated and flushed prior 
t o  charging f u e l  elements and specimens f o r  t he  s t a r tup  of 
Cycle 66. However, a heavy deposit of crud formed on all loop 
components i n  the ac t ive  zone shor t ly  a f t e r  reac tor  s t a r tup  
forced a shutdown and discherge of t he  samples, Ime crud is 
l a rge ly  of organic origin and can be removed mechanically by 
swabbing or by use of polar organic l i qu ids  wi th  u l t rasonic  
a g i t a t i o n  e 

Coat inuation of spec imcn exposures i n  hydrogen-bearing vat e r  
w i l l  very l i k e l y  be delayed th ree  t o  f i v e  m n t h s  because of 
other test program commitments for t h e  next  several reac tor  
cycles.  

ATR Ges Loop Studies 

b d e l  Loop Operation. One operat ional  goal of t h e  model gas 
loop is t o  flow 2000 F (1093 C) he l ium through the  t e s t  sect ion.  
This goal was approached during a recent  experiment when helium 
entered t h e  t es t  sect ion a t  a temperature of  approximately 
1900 F (1038 C) a f t e r  leaving the  heater a t  2050 F (U2l C) 
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Measurements were made of temperature changes across  a layered 
metal l ic  f o i l  insu la t ion  l i n e r  i n s t a l l e d  i n  t h e  t e s t  sect ion,  
The I m p  ran  successfu l ly  f o r  about s i x  hours, A number of 
conclusions important t o  t h e  ATR Cas Loop can be made as a 
consequence of t h i s  run:  

1) ?he heater exceeded t h e  required heat t r a n s f e r  capaci ty ,  
The present hea te r  is designed f o r  a maximum of 100 Kw 
power input,  w i t h  a required capab i l i t y  t o  t r a n s f e r  
187,000 B!CU/hr ( 5 5  Kw) t o  t he  flowing gas, . During t h i s  
run a nrsximum heat t r ans fe r  of 200,000 BTU/hr ( 5 9  Kw) 
occurred through the  heater wi th  a power input of only 
80 Kw, 

Preliminary examination of the t e s t  data indicated a 
m o r e  e f f i c i e n t  regenerat ive heat exchanger than was ex- 
pected. A more thorough ana lys i s  showed t h a t  t h e  
at.temperation flow was so  e f f ec t ive  i n  reducing t h e  gas 
temperature t h a t  t he  i n l e t  temperature t o  t h e  regenera- 
t i ve  heat  exchanger was 600 F (315 C) below the  design 
condi t ion,  Even at t h i s  low temperature and t h e  reduced 
flow conditions of t h e  run, there  w a s  a drop of 900 F 
(482 C )  i n  t h e  gas temperature across the  exchanger 
versus a design temperature drop of 1050 F (565 C). 
Future runs w i l l  include a va r i a t ion  i n  temperatures and 
flow rate t o  determine t h e  e f f e c t  on heat t r ans fe r  i n  t h e  
heater and regenerat ive heat exchanger 

2 )  The gas chromatograph measured impuri t ies  i n  t h e  frac- 
t i o n a l  ppm range and gave ea r ly  warning of buildup of 
undesirable impurities, 

3 )  The type and design of bellows used during t h i s  run of 
t h e  model loop i s  not recommended f o r  use i n  the  high 
temperature port ions of t he  ATR Gas Loop. This does not 
preclude t h e  use of spec ia l  bellows o r  other  design concepts 
t o  compensate f o r  the d i f f e r e n t i a l  expansion between t h e  
inner and outer  pipes i n  a double contained system, 

4) Preliminary ca lcu la t ions  of thermal conductivity of f o i l  
insu la t ion  produce values  obtained i n  c i r c u l a t i n g  high 
temperature he l ium s ign i f i can t ly  higher than values pub- 
l i shed  f o r  s t a t i c  heliumo "he next run of t h e  model loop 
w i l l  be instrumented t o  obtain accurate  thermal conduc- 
t i v i t y  values 
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5 )  Even after outgassing t o  low pressures,  subsequent 
- warm operation caused condensation of water vapor 

out  of the  all--tal primary c i r c u i t  onto t h e  cooled 
housing of t h e  c i r cu la to r .  Tbis suggests that t h e  
APZ Cas Loop should have provisions for drainage. 

6 )  Dlommtallic insu la t ion  can be outgassed and purified 
adequrrtely on a laboratory scale, but if it is required 
f cr field i n s t a l l a t  ion,  spec ia l  precautions and caref'ul 
handling w i l l  be necessary. 
appear t o  be as d i f f i c u l t  with m t a l l i c  insu la t ion  and 
a single contained helium system. R e s e n t  research and 
development e f fo r t s  a r e  continuing t o  inves t iga te  po- 
tential problems and t h e i r  solut ions that a r e  associated 
with both s ingle  and double contained systems, 

These problems do not 

Helium Pur i f i ca t ion  System. 
systam was assembled to  fu l f i l l  model loop and o ther  requirements 
for  h i& pur i ty  helium pending checkout of the  commercial puri- 
fier by t h e  vendor representat ive.  
u t i l i ze s  a long c o l u m  of charcoal at l i g u i d  nitrogen temperature 
t o  rcmve all impurities but hydrogen. Si- i f icant  savin'@ i n  
helium w i l l  be realized as soon as the  2500 cubic foot  vapor 
balloon now on hand for receiving 'discharged helium can be in- 
Stalled hi the top of t h e  314 Building and connected to  the 
inlet of the hel ium pur i f ica t ion  system. 

A temporary helium pur i f ica t ion  

The temporary system 

C&romrtomaph Development ?he CMO chromatograph was dis-  
mrrntlcd and parts reassembled t o  bui ld  an e s s e n t i a l l y  new 
instrument. 
box t o  reduce a i r  leakage, The reassembled instrument i s  now 
operat ional  i n  the  314 Building, The changes reduced background 
noise a f a c t o r  of two, which r e su l t ed  i n  ex t ra  s ens i t i v i ty .  The 
chromrtograph is now capable of de tec t ing  l e s s  than 1 ppm 02, N2, 
CH4, CO, and C02. Somc in te r fe rence  of H2 and N2 was observed 
below 5 ppm H2, but it appears 1 ppm H2 can s t i l l  be detected,  
Qlrati tative ca l ib ra t ions  a t  t h e  1' ppm l e v e l  will be mde when 
ultrapure helium from t h e  314 Building purifier is  ava i lab le ,  

A l l  c r i t i c a l  parts uere placed in a helium-filled 

Oxygen Robe  Development. A ZrO2-CuO oxygen probe was con- 
s t ryc ted ,  patterned a f t e r  a GERL design, This device i s  an 
e l e c t r o l f i i c  c e l l  with a reference oxygen concentration on t he  
ins ide  of a hollow 2% - 7-l/2% CaO tube which serves as a 
s o l i d  e l ec t ro ly t e  fo r  t he  t r a n s f e r  of oxygen ions a t  700-1500 C 
(1292-2732 F), 
r e l a t ed  t o  t h e  unknown oxygen par t ia l  pressure outside the probe. 

An e l e c t r i c a l  potential. is measured which can be 

UNCLASSIFIED 

1 2 2 9 b 2 3  



UNCLASSIFIED A-33 HW-84 291 

I n i t i a l  tests i n  a vacuum system showed t h e  device performed 
very w e l l ,  following changes i n  oxygen almost in s t an t ly ,  The 
pro& has extreme s e n s i t i v i t y  and wi th  fur ther  development 
has excel lent  po ten t i a l  t o  measure oxygen concentrations i n  
gases and l i qu id  metals w e l l  below t h e  1 ppm l e v e l ,  

Cas Heater Studies,  Molybdenum and TZM oxidation as now been 
inves t imted  at air  pressures  of  1 x 10-5, 1 x loWt,  2 x l o 4 ,  
and 1 x 10-3 p1p3 Hg. 
weight of metal l o s t  after descaling t h e  oxidized samples, 
var ied from 0,906 m i l  per year a t  1 x 10-5 mm Hg t o  34,9 m i l s  
per year a t  2 x 10-4 mm Hg, A t  1 x 10.3 mm Hg t h e  previously 
reported r a t e s  of 349 and 3 5 1  mg/decimeter/day (49.5 m i l  per 
yea r )  f o r  mlybdenum were ca lcu la ted  from the weight loss due 
t o  v o l a t i l i z a t i o n  of Mo% and were therefore  low, 

Dynamic k t e r i a l s  Test Fac i l i t y .  me l a rge  temperature d i f -  
ference across  the  t e s t  sec t ion  of t h e  Dynamic k t e r i a l s  Test 
F a c i l i t y  was found t o  be due t o  improper sea t ing  of t he  ceramic 
test sec t ion  i n  t he  platinum tube,  The ceramic t e s t  sect ion was 
hand lapped i n  place and then shrunk i n t o  t h e  taper  by d i f -  
f e r e n t i a l  thermal expansion after t h e  t e s t  sect ion was i n  the  
loop. Temperatures a t  t h e  entrance and e x i t  o f t h e  t e s t  sect ion 
can now be brought together  by adding heat from t h e  "guard 
heater  ., 

Rates of a t t ack ,  calculated from t h e  

(1 

A t es t  run of about 110 hours w s  made a t  1830 C (3326 F) a f t e r  
changing t h e  loop heater  con t ro l l e r .  A test scheduled t o  run 
72 hours is  now i n  progress, 
and the t e s t  sample i s  Haynes Alloy 25. Flow past the  sample is 
about 550 Pps. I n i t i a l l y ,  a r a p i d  ge t t e r ing  of the  oxygen i n  
t h e  grade "A" helium was observed and a slow buildup of hydrogen 
and carbon monoxide, The buildup is presumed t o  be from organic 
matt=- i n  t& l~cp,g9mbining with moisture, 

The temperature i s  2050 F (1121 C),  

Studies  of  Hastelloy-X and Hsynes 25, Oxidation, carburizat ion,  
and metal evaporation s tudies  of Hastelloy-X and Haynes Alloy 25 
coupops a t  ll20 C (2048 F) a r e  i n  progress,  
o i l  these  a l loys  i n  a s t a t i c  methane atmosphere a t  1125 mm pressure 
takes place rap id ly ,  
such that  88% of the t o t a l  weight gain a t t a ined  by the sample i n  
400 minutes is  reached i n  about 750 minutesJ 
carburizing seems t o  be dependent on t h e  d i f fus ion  of CH4 through 
the  H2 corrosion product f o r  con t ro l l i ng  t h e  reac t ione  Oxidation 
of Hastelloy-X i n  a replenished 97 p oxygen atmosphere proceeds 
a t  a rate influenced by t h e  oxide l aye r  formation, Two successive 
parabolic rates were observed, 

%e carburizat ion 

The rate of carbon pickup by t h e  a l l o y  is  

The k ine t i c s  of 
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6. Huclear Graphite 

'5ernm.l Oddat ion  of Large Graphite Samples by Water Vapor, 
Measuremanta of t he  rate of oxidation of r e l a t i v e l y  large E X  
graphi te  samples by helium-water vapor mixtures as determined 
by w e i g h t  loss masurezmnts have now been compared t o  the  r a t e  
obtained by the chronntographic ana lys i s  of the reac t ion  
products i n  the effluent helium s t r e a m  The purpose is t o  
check t h e  r c l i a b i l i t y , o f  the  Lat te r  method f o r  determining 
rates over sho r t  periods of time. 
that agreemhnt wi th in  8% was obtained when water vapor vas 
added by bubbling the helium through l i q u i d  water. 
of reac t ion  products can be done continuously, if desired,  and 
w i l l  mrke it possible  t o  study the e f f e c t s  of graphi te  burnoff 
on the  reac t ion ,  

This comparison revealed 

The ana lys i s  

Kinetics of the Reaction of Carbon Dioxide with Hydrogeno The 
effect of product concentration on the reac t ion  r a t e  of carbon 
dioxide with hydrogen (C% + H2 + CO + H20) i s  being studied 
t o  determine t o  w h a t  extent water vapor w i l l  be formed i n  a 
reactor frcm t h i s  reaction, If thoroughly degassed water vapor 
is added t o  the  i n l e t  stream, the  r a t e  of t h e  reac t ion  is iden- 
t i c a l  t o  the rate observed with no water added, We have inves t i -  
gCted t h i s  e f f e c t  with water vapor a t  pressures from 0 t o  20 t o r r  
and a t  a temperature of 940 C o  Fa i lure  t o  outgas water vapor 
thorau&ly causes an increase i n  the rate of react ion,  h i s  
effect is  another indicat ion of t h e  l a r g e  acce lera t ing  e f f ec t  
caused by smrll concentrations of oxygen, 

The effect of an increase i n  carbon monoxide pressure from 
g0.5 t o  120 t o r r  a t  940 C is  t o  decrease the  r a t e  by 13%0 
effect is nonlinear s ince most of t h e  decrease is observed a t  
a carbon monoxide pressure of  l e s s  than 40 t o r r ,  

The 

Another property o f  considerable importance is  t h e  c a t a l y t i c  
effect of graphite on the  rate of t h e  carbon dioxide-bdrogen 
react ion.  The reac t ion  i s  known t o  be strongly catalyzed by 
c e r t a i n  so l id  surfaces, espec ia l ly  the metal oxides, Ear l ie r  
tests had indicated an increase i n  the  r a t e  i n  t h e  presence 
of graphi te ,  but when the graphi te  was remved from t h e  re- 
ac t ion  vessel ,  it was h i&ly  p i t ted ,  ind ica t ing  the presence 
o f  impurit ies.  Therefore, it w a s  questionable if the c a t a l y t i c  
e f f e c t  was due t o  the graphite or  the  impurit ies,  "Be experi-  
ment w a s  repeated with a rod made of TSX graphi te  with known 
h is tory ,  In  handling t h i s  rod spec ia l  precautions were taken 
t o  avoid contamination, No increase i n  t h e  r a t e  of the  react ion 
in t he  presence of  graphite over t h a t  w i t h  no graphite vas ob- 
served 
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Change i n  Coeff ic ient  of Thermal Expansion from I r r ad ia t ion  of 
Graphite, The change i n  thermal expansion of  graphite i s  being 
de tsmined  on irradiated graphi te  t o  a i d  i n  t h e  i n t e rp re t a t ion  
of  dimensional changes, Three capsules each containing two 
parallel and two t ransverse  CSF quarter-round samples were 
f i rs t  annealed a t  1500 C f o r  one hour, and then t h e  thermal- 
expansion coe f f i c i en t s  (CTE) from 25-700 C and lengths  were 
masured p r io r  t o  an exposure o f  6 x 1020 nvt,  E>0,18 MeV, i n  
t h e  ETR at  about 400 C, The CTE's from 25-700 C and lengths 
were remeasured after i r r ad ia t ion ,  It w a s  found that t h e  CTE's 
t ransverse  t o  t h e  extrusion d i r ec t ion  a l l  increased 5 t o  7%, 
Smnll negative or pos i t i ve  CTE changes were observed on parallel  
samples, w i t h  t h e  over-all  change tending toward zeroD Some 
length annealing occurred during the  thermal expansion remeasure- 
ments and w i l l  be reported later w i t h  other  annealing data. 

Changes i n  Graphite Porosi ty  with Temperature, An indicat ion of 
t h e  changes i n  poros i ty  i n  graphi te  has been obtained from t h e  
r a t i o  of bu lk- to-crys ta l l i t e  volume change f o r  heat ing t o  a 
pa r t i cu la r  temperature, It i s  found t h a t  t h e  porosi ty  of t h e  
three grades t e s t e d ,  TSX, CSF, and CSGBF, decreases qui te  sub- 
s t a n t i a l l y  between 100 and TOO C ,  The decrease i s  a t t r i b u t e d  
t o  t h e  expansion of c r y s t a l l i t e s  i n to  the  pore s t ruc tu re  and t o  
t h e  c losure  of microcracks between l aye r  planes, An i n t e r e s t i n g  
observation is  t h a t  the change i n  porosi ty  of TSX is  slpsllest  
of t h e  t h r e e  grades t e s t e d  even though t h i s  graphi te  has t h e  
h i e e s t  dens i ty ,  This behavior could r e s u l t  from a more loose 
matrix of c r y s t a l l i t e s  or a greater concentration of microcracks 
between l aye r  planes than i n  the  o ther  materials, 

I r r ad ia t ion  ExPo sure Units,  A source of d i f f i c u l t y  i n  comparing 
U,K, and Eianford graphi te  i r r ad ia t ions  has  been t h e  difference 
i n  enpoawe-Uito, - A t  WrtPord t h e  un i t  i s  n/cm* (Ez0,18 Mev), 
which includes cor rec t ion  f o r  spec t r a l  shape, In t h e  U,K., no 
cor rec t ion  is =de f o r  spec t r a l  shape t o  obtain an equivalent 
n icke l  dose, but a " re l a t ive  damage effect iveness"  i s  determined 
experimentally to  m k e  t h i s  cor rec t ion ,  
data f o r  U,K, i r r a d i a t i o n  fac i l i t i es  have now been secured from 
H a r w e l l  and were analyzed by t he  Hanford procedure t o  convert 
U.K. exposures t o  Hanford units, From t h i s  ana lys i s  t h e  con- 
vers ion m y  be made on a completely consis tent  basis f o r  t h e  
f i r s t  t i m e ,  For most of  t h e  U,K, i r r ad ia t ion  f a c i l i t i e s  satis- 
f ac to ry  agreement is  obtained between t h e  " r e l a t ive  damage 
effect iveness"  obtained experimentally and t h a t  calculated using 
t h e  Hanford ana lys i s ,  

'Ihe de t a i l ed  spec t r a l  
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7. Boronated Graphite Studies 
- 

Nontemperature-ControUed Capsule, A l l  e ight  of t h e  i n i t i a l  
B4C p a p h i t e  capsules i r r ad ia t ed  i n  t h e  Em have been d i s -  
assembled and t h e  samples measured for dimensional changes, 
'Rrenty B4C samples i n  all were irradiated, twelve being 7 w t %  B 
"@cy" naterial and e ight  5 w t %  B ' k o l ~ k a "  Temperatures were 
mcasured i n  two samples, and others  were es t ins ted  from heat-  
generation rates. They varied from about 300 t o  550 C depending 
on capsule design. 
11.7 x 1020 n e ,  E>0,18 Mev, 

Neutron exposures var ied from 0~86 t o  

The 7 wt% grey material i n i t i a l l y  contracted with exposurep then 
expanded t o  about 2% a t  an  exposure of 1021 nvt without prefer- 
ence t o  or ien ta t ion ,  The 5 w t %  black material  exhibited a con- 
tinual cont rac t ion  parallel t o  t h e  axis of extrusion t o t a l i n g  
about 1% at  an e x p o s ~ e  of  1021 n v t .  
samples appear t o  contract  and then expand w i t h  exposure, The 
expansion of t h e  7 vt% grey and t h e  t ransverse  5 w t %  black 
samples appear t o  be exhib i t ing  a "breakaway" type expansion., 
However, t h i s  could be t h e  result of lower temperatures caused 
by swelling of the samples, and f u r t h e r  data a t  control led= 
temperature condi t ions a r e  required beyond 1021 n v t  t o  explore 
t h i s  p o s s i b i l i t y ,  
on several samples to  determine boron burnup and appearance of 
t h e  graphite S t r u c t U e a  

The 5 u t %  black t ransverse 

Chemical and microscopy analyses a r e  planned 

Temperature-Controlled. Shielded Capsule e ?he temperature- 
cont ro l led  capsule containing 26 B4C-graphite samples was charged 
i n  the  k 6  pos i t ion  of the  GllR during la te  August. The capsule 
is surrounded by a boron-steel sh ie ld  tube t o  obtain a fast- to-  
therm1 f l u x  r a t i o  t o  about 15., The temperature is control led 
by the  proportions of helium and argon gas t h a t  pass over the 
t es t  samples 

Following reac tor  s ta r tup ,  t h e  sample temperature reached 250 C 
w i t h  100% He and 175 Mu reac tor  p o w e r ,  
composition t o  approximrtely 30% He, 70% Ar, t he  sample vas 
brought t o  t h e  goal temperature of 540 C a  
c h a r a c t e r i s t i c s  ind ica te  temperature cont ro l  can be maintained 
within about 5 C a t  heat ing r a t e s  from 30% l e s s  and t o  approxi- 
mately 300% more than a t  s t a r t u p ,  

By ad jus t ing  the  gas 

I n i t i a l  operating 

Replacement of t he  boron-steel shield tube with a f resh  (non- 
irradiated) sh ie ld  is planned a t  t h e  end of t h e  present cycle:  
Capsule removal is scheduled a f t e r  two i r r ad ia t ion  cycles ,  
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a, 

2-C I r r ad ia t ion  Tests, The t h i r d  term experiment, 2C-3* has been 
i n s t a l l e d  i n t o  t h e  reac tor  and is functioning s a t i s f a c t o r i l y o  
Because the samples expanded during previous i r r ad ia t ions ,  it 
was necessary t o  redesign the  2C-3 sample holders t o  prevent 
possible  binding, Also, varying amounts of BIO burnout, pro- 
por t iona l  t o  the  exposure of the th ree  sample sect ions,  had 
a f fec ted  t h e  base heat generation of the  capsule,  The combina- 
t i o n  of t h e  gap and an t ic ipa ted  heating-level changes required 
811 o v e r 4 1  redesigno The present ly  observed temperatures a r e  
i n  good agreement with previous experience; however, t he  #1 
sec t ion  is  somewhat lower t h a n  expected, probably due t o  under- 
e s t i n s t i o n  of the  &O burnouto 

Aluminum Corrosion and Alloy Development 

Data on weight l o s ses  before c leaning have been obtained f o r  
aluminum-clad f u e l  elements recent ly  exposed i n  the  C-1 h o p  a t  
260 C ou t l e t  temperature and pH b , 5  with phosphoric a c i d ,  The 
maximum corrosion r a t e  (near t h e  downstream end of the  charge) 
w a s  3 . 3  mils/mo, ?his m y  be compared t o  a msximum r a t e  of 
1 4  mils/mo i n  a similar previous t e s t  a t  neut ra l  pH and t o  a 
rate of only 0,06 mil/mo obtained i n  out-of reac tor  t e s t s  i n  
TF-6 at the same surface temperature and pH 4050 The corrosion 
of A-288 and KYZ a i loys  was about 30% lower than of X-8001; 
t h i s  is  i n  agreement with r e s u l t s  of t h e  C-1 t e s t  at neut ra l  pH 
and of out-of-reactor t e s t s ,  
a r e  being obtained 

Weight loss  data after cleaning 

9 0  Metallic Fuel Development 

I r r ad ia t ion  of Thorimuranium Fuel Elements I r r ad ia t ion  of 
three tubular  Zircaloy-2 clad thorium-2,s ut% uranium-loo w t %  
zirconium f u e l  elements continued successful ly  i n  the  ETR-n loop, 
The integrated exposure is 3,,1 x 102O fissions/cm3 (9000 Mwd/ton); 
Fuel swelling continues t o  be no more than t h a t  expected from the  
so l id  P i s s ion  products 

3 i c  Uranium with Sub-micron Uranium 
Carbide Dispersions, The i r r ad ia t ion  performnce of fue l  rods 
containing a sub-micron dispersion of uranium carbide i n  uranium 
is being evaluated i n  t h e  EPI, O f  t h e  t h r e e  i r r ad ia t ion  t e s t  
capsules,  t w o  contain f u e l  rods iden t i ca l  i n  uranium compositions 
but  with one having a uranium carbide s i z e  of 2-5 microns produced 
from arc-melted uranium and the  other  a uranium carbide p a r t i c l e  
s i z e  of l e s s  than 0,5 microns produced from the uranium shot ,  The 
t h i r d  capsule contains two f u e l  rods w i t h  the f i n e  carbide,  
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Onecapsrile has achieved goal exposure of O e 3  at% burnup and 
has been shipped t o  Radiometallurgy fo r  examination. The re- 
m i n i n g  two capsules operated at a nrrxiIlPlm f u e l  temperature of 
600 t o  625 C during t h e  f i r s t  cycle  of i r r ad ia t ion ,  A drop in 
power i n  that region of t h e  reac tor  r e su l t ed  i n  a decrease i n  
fuel temperature t o  t h e  475 t o  500 C range during the  second 
cyc le  of i r r ad ia t ion .  The exposure a t  t h e  end of t h e  second 
cycle  i n  these two capsules was s l i g h t l y  greater than 0 , l  a t% of 
burnup a 

Emrmination has been s t a r t e d  on capsule G M  14-609 which reached 
a fuel burnup of  0,3%4 The average m u i m u m  uranium temperatures 
for the  f i n e  carbide uranium was approximately 500 C and for the  
coLvse carbide uranium it was approximately 410 C, It was found 
on opening the capsule t h a t  t h e  cladding on t h e  f i n e  carbide 
uranium sample had s p l i t  longi tudina l ly  the f u l l  length of the 
2.75-inch long rod, Rarther examination has shown t h a t  t h e  
s p l i t  has  the c h a r a c t e r i s t i c s  of  a b r i t t l e  f a i l u r e ,  
failure of 23.-2 cladding at very low s t r a i n  has been experienced 
in other NaK capsule i r r ad ia t ions  a t  mean cladding temperatures 
below 350 C and cladding thicknesses  of 0,025-inch or greater, 
Loss of cladding r e s t r a i n t  on t h i s  sample resu l ted  in  a 3.2% 
diameter increase and 8 dens i ty  decrease of 6,3g4 

B r i t t l e  

!be cladding on sample 1 wi th  t h e  coarse carbide i n  uranium was 

sample, but t h e  dens i ty  of  the uranium showed a decrease of 2,3%. 
A v a l i d  comparison of fuel pe r fwmnce  cannot be made because of 
the  obvious d i f fe rences  in  restraint ., Optical metallography and 
r ep l i ca t ion  on the  as - i r rad ia ted  f u e l  from both 31  and 1 a r e  under 
way, Mttallography and r ep l i ca t ion  w i l l  a l s o  be performed on 
specimens from each of the f u e l  rods that a r e  now being  post- 
i r r a d i a t i o n  a M e d e d  a t  600 C, 

. undansged. There was no measured diameter increase on t h i s  

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

1, Radiation Eifects on Metals 

!his p rosam is  d i rec ted  toward es tab l i sh ing  the  combined e f f ec 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 tu re  of  spec i f ic  metals, and deducing from t he raa l ly  a c t i -  
vated recovery processes how t h e  damage s t a t e  can be a l t e r e d ,  
R e s e n t  s tud ie s  involve s ingle  and polycrys ta l l ine  spec imens of 
molybdenum, n icke l ,  and rhenium, 
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Sections p a r a l l e l  t o  a (1111 plane have been cut  from an ir- 
rad ia ted  mlbydenum s ingle  c r y s t a l  which was deformed i n  
bending., These sect ions have been e l e c t r o l y t i c a l l y  thinned 
and observed by transmission i n  the  e lec t ron  microscope, A 
one-to-one cor re la t ion  was establ ished between the s l i p  l i n e s  
observed on t h e  surface of the bend c r y s t a l  and t h e  channels 
seen by transmission electron microscopy, The channels seen 
i n  the  flll) sect ions a r e  irregular and branching, as a r e  t h e  
s l i p  l i n e s  on t h e  (0011 face of t h e  bent c r y s t a l ,  This par- 
t i c u l a r  appearance results when t h e  Burgers vector of the  dis-  
l oca t  ions producing the  channels (o r  s l i p  l i n e s  1 i s  perpendicular 
t o  t h e  plane of observation, The commonly-encountered Burgers 
vector i n  the  case of B O C O C O  metals i s  1 / 2  a <U1>, Planes 
normal t o  t h i s  vector exhib i t  i r regular  s l i p  l i n e s  s ince these 
s l i p  l i n e s  r e f l e c t  t h e  o f f s e t s  produced by screw d is loca t ions ,  
which cross-s l ip  profusely,  When the observation plane i s  
p a r a l l e l  t o  t h e  k r g e r s  vector,  t h e  s l i p  l i n e s  are s t r a igh t ,  f o r  
i n  t h i s  case t h e  o f f se t  is due t o  edge d is loca t ions  which cannot 
cross-s l ip ,  

Polycr s t a l l i n e  molybdenum t e n s i l e  specimens with exposures of 

and are ready f o r  t e s t ing ,  
f o r  each. exposure l e v e l  
a r e  now i n  progress; annealing temperatures of 435, 525, and 875 K 
a r e  being employed i n  order t o  produce d i f f e ren t  defect  s t ruc tures ,  
'be lowest temperature is t h a t  at which the  maximum r a t e  of re-  
covery (from e l e c t r i c a l  r e s i s t i v i t y  measurements) occurs; a pro- 
nounced hardening reac t ion  occurs a t  525 K, and p r i s m t i c  loops 
are first observed a t  850-875 KO 
t u r e  change experiments w i l l  be used t o  evaluate t h e  e f f e c t s  of 
these  d i f f e ren t  s t ruc tu res  on d is loca t ion  motion, 

1 x 10 9 7, 5 x 1017, and 1 x 1018 nvt ( E > 1  MeV) have been received 
A t o t a l  of 72 specimens a r e  ava i lab le  

Post- i r radiat  ion annealing treatments 

Strain-rate  change and tempera- 

Repa ra t ion  of  s ing le  crystal specimens for  deformation experi- 
ments i s  continuing, Techniques for  e l ec t ro ly t i c  mchining of 
these  specimens have been developed t o  a point such that it is 
now possible  to  nrrintain t h e  diameter of the  reduced sect ions of 
a t e n s i l e  specimen t o  a va r i a t ion  o f  no more than 0,0005 inch 
over a one-inch sect ion,  Tensile specimens have been mchined 
from zone-refined nickel  using an e l ec t ro ly t e  cons is t ing  of a 
5% solut ion of n i t r i c  ac id  i n  methanol, 
i r r a d i a t i o n  of these  extremely so f t  c r y s t a l s  i s  under design, 
The use of compression specimens i s  being explored; such specimens 
a r e  a t t r a c t i v e  f o r  severa l  reasons: (1) they provide s e a t e r  
s e n s i t i v i t y  i n  t h e  case of a specimen which has a low r a t e  of 
strain-hardening, such as irradiated molybdenum; ( 2 )  they a r e  
e a s i l y  prepared; ( 3 )  they have a low mass and r e su l t an t  low l eve l  

A capsule su i t ab le  for  
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of r ad ioac t iv i ty  after i r r ad ia t ion ;  and (4) a l a rge  number of  
specimens nay be i r r ad ia t ed  simultaneously in  a standard-size 
capsule,  
77-550 K is now under construct ion and w i l l  be evaluated in  
t h e  near fu ture ,  

A compression cage su i t ab le  f o r  t e s t i n g  i n  t h e  range 

Foils of high pu r i ty  and carbon-doped molybdenum are being 
examined by transmission e lec t ron  microscopy and x-ray d i f -  
f r a c t i o n  after an exposure of 1020 nvt ( E > 1  MeV)  Preliminary 
observations d i sc lose  an  extremely high dens i ty  of small defect  
c l u s t e r s  i n  all t h e  f o i l s ,  Some of  t h e  spots were noted t o  be 
associated with a complex interconnecting d is loca t ion  network 
which i n  some cases  formed closed r ings  of an  i r regular  shape, 
The high pu r i ty  f o i l  exhibited intergranular  cracking as a 
result  of norm1 handling. Deformation associated w i t h  hand- 
l i n g  generally manifests i tself  i n  t h e  form of s t r a i g h t  d i s -  
loca t ions  near t h e  t h i n  edges of t h e  f o i l ;  no such d is loca t ions  
were observed. obviously, t he  energy f o r  t he  formation and 
motion of  a d i s loca t ion  through t h e  mass of irradiation-produced 
de fec t s  is  extremely h igh ,  and gra in  boundary cracking occurs 
p re fe ren t i a l ly ,  This w i l l  be fu r the r  invest igated by deforming 
t h e  f o i l s  i n  tens ion  and observing t h e  behavior a t  grain 
boundaries 

Examination of e lec t ron  d i f f r a c t i o n  pa t te rns  from these  f o i l s  
reveals several anomalies which a re  present ly  being evaluated, 
Forbidden r e f l e c t i o n s  a re  present,  and s t reaking  of spots  
parallel t o  < U O >  bas been observed, 
x-ray l i n e  broadening was also observed i n  these  f o i l s ,  After 
t h i s  high exposure t h e  width at half height of t h e  (400) l i n e  
a t  156e4 degrees 29 ( C u K o l )  is 1,1 degree 29, as compared t o  a 
value of 0,25 depee  29 after 1019 nvt ,  
broadening appears t o  be independent of impurity content and 
pr e- i r radiat  ion heat treatment 

Extremely pronounced 

T h i s  pronounced 

X-ray l i n e  breadths for  a l l  ava i l ab le  r e f l e c t i o n s  were found t o  
vary l inearly with t a n  8 ,  ind ica t ing  that l a t t i c e  s t r a i n s  a re  
responsible  for t he  broadening, 
ana lys i s  of accurately-measured l i n e  p r o f i l e s  f o r  the  ( 200 
(400) r e f l ec t ions  of  a high pu r i ty  f o i l a  
termined by t h i s  technique were greater than 1000 A, o r  s u f f i -  
c i e n t l y  large t h a t  broadening a t t r i b u t a b l e  t o  p a r t i c l e  s i z e  
effects was s l i g h t ,  La t t ice  s t r a i n s  w i t h  a root-mean-square 
value of 0,061 extending over 150 t o  200 A were determined t o  be  
responsible  for most of the  observed broadening, A t  greater  
d i s tances  t h e  s t r a i n s  approached 0,03%, corresponding t o  the  

This was confirmed by Fourier 
and 

P a r t i c l e  s i zes  de- 
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observed increase i n  l a t t i c e  parameter, Other peaks of t he  
high-purity f o i l s  and of f o i l s  w i t h  higher impurity content 
a r e  being analyzed 

Electron Diffract ion Contrast 
p r i a t e  theory f o r  t h e  d i f f r a c t i o n  of e lec t rons  through t h i n  
f o i l s  i s  required f o r  i n t e rp re t ing  t h e  e lec t ron  micrographs 
of var ious defec t  s t ruc tu res ,  Since t h e  electrons have strong 
in t e rac t ions  with t h e  po ten t i a l  f i e l d  caused by t h e  nuclei  and 
e lec t ronic  configurat ions of t he  fi lm, t h e  "dynamic theory" 
( theory accounting f o r  t h e  in te rac t ions  of t h e  t ransmit ted and 
d i f f r a c t e d  e lec t ron  waves) mst be  used t o  obtain t h e  expected 
i n t e n s i t y  d i s t r ibu t ions  which would e x i s t  a f te r  an e lec t ron  beam 
passes through a t h i n  metal l ic  f o i l ,  A two-beam approximation 
cons is t ing  of a t ransmit ted and one d i f f r ac t ed  wave provides 
real is t ic  estimates of e i t h e r  t h e  br ight  o r  dark f i e l d  beam 
i n t e n s i t y  a f t e r  d i f f r a c t i o n  through t h e  f o i l ,  
namical theory f o r  f o i l s  with defec t  s t ruc tu res  has been de- 
veloped and reported i n  t h e  l i t e r a t u r e ,  A computer program of 
t h e  r e s u l t i n g  d i f f e r e n t i a l  equations has been wr i t ten  so t ha t  
t h e  displacement functions of any defec t  s t ruc tu re  can be 
analyzed, 
with a r b i t r a r y  or ien ta t ion  and Burger's vector has been pro- 
gramed, 
t ransmit ted i n t e n s i t i e s  a re  t h e  output of these  programs, Such 
analyses can be used t o  prescr ibe observat ional  conditions and 
analyze observed e lec t ron  micrographs so t h a t  t h e  BurgerIs 
vector ,  tilt, and depth of a d is loca t ion  can be  determined, 

The development of an appro- 

The two-beam dy- 

The displacement funct ion f o r  a s t r a i g h t  d i s loca t ion  

Tabular and p a p h i c  records of t h e  d i f f r ac t ed  and 

2. Plutonium Physical Metallurgy 

The objec t ive  of t h i s  program is  t h e  der iva t ion  of fundamental 
infornration r e l a t i v e  t o  (1) t h e  k ine t i c s  and mechanics of t h e  
phase transformations i n  plutonium, and ( 2 )  t h e  mechanisms by 
which monoclinic plutonium deforms 

The creep  res i s tance ,  y i e ld  s t rength,  and ul t imate  s t rength  of 
t h e  beta  phase formed f r o m t h e  gamma phase have been found t o  be 
nrtch greater than t h e  corresponding values f o r  beta  formed from 
t h e  alpha phase., The compressive creep ac t iva t ion  energy is 
28 kcal/g-atom f o r  beta formed from e i ther  alpha o r  gamma- 
inforrmtion has been u t i l i z e d  i n  preparing specimens used in  
experiments on t h e  beta t o  alpha transformation, 

This 

Highly textured alpha plutonium has been produced by t rans-  
forming beta t o  alpha under an appl ied compressive stress of 
20,000 p s i ,  A t  t h e  temperature of transformation (115 C o r  l e s s ) ,  
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l i t t l e  o r  no beta de fo rmt ion  occurs a t  t h i s  applied s t r e s s ,  

The t o t a l  s t r a i n  ( A L I L Q )  associated with t h e  beta t o  a l p h a  
transformation i n  plutonium subjected t o  compressive stresses 
reaches a constant  value at 8-10,000 ps i ,  This s t r a i n ,  0,09, 
is only three times the u n i t  length change expected f o r  t rans-  
formation under no appl ied stress, If transformation proceeds 
by a d i f fus ion  process, t h e  concentration of defects and the i r  
mobili ty should be high, and, as a consequence, considerable 
s t r a i n  during transformation might be expected. The f a c t  that 
transfarmation s t r a i n  is not high m y  be used as an argument 
in support of the contention that t h e  beta t o  alpha t ransfor-  
mation i s  d i f fus ion le s s ,  

- 

Previous experiments showed that p l a s t i c  deformat ion by com- 
pression of beta phase formed from alpha decreases the  subse- 
quent beta t o  alpha transformation rate,  It m i & t  be expected 
that p l a s t i c  deformation 4f beta  formed from gama should re- 
sul t  in a s e a t e r  decrease of t h e  b e t o - t o  alpha transformation 
rate because more energy is  required f o r  the  p l a s t i c  deformation, 
This bas been confirmed experimentally, For example, p l a s t i c  
defarnmtion by compression a t  150 C decreased the  mxipnun beta  
t o  alpha t r a n s f o r m t i o n  r a t e  a t  90 c from 6% pe r  minute t o  
0.100% per  minute and increased t h e  incubation t i m e  from 150 
seconds t o  8000 seconds, The proper in t e rp re t a t ion  of these 
observations nrust aveit a de ta i led  explanation and understanding 
of the  low temperature phase t r a n s f o r m t i o n s  of plutonium, 

Analysis of pole figure data of textured, a l p h a  plutonium had 
l e d  t o  t h e  conclusion that m r e  precise  posi t ioning of specimens 
is  required. 'Be complexity of the  monoclinic s t ruc ture  
apparently makes posi t ioning much more c r i t i c a l  than i n  s tud ies  
of the m r e  simple crystal lographic  systems, Accordingly, a new 
sample holder was designed and fabr ica ted ,  Its i n i t i a l  use has 
demnst ra ted  the  increased r e l i a b i l i t y  of t h e  data derived. 

It has been f i rmly established that i n  t h e  columnar grained 
alpha plutonium, r e s u l t i n g  from t h e  transformation of beta 
under a compressive load, the ( 0 2 0 )  plane is perpendicular t o  
t he  d i r ec t ion  of appl ied s t r e s s ,  The iden t i f i ca t ion  of the  
plants p a r a l l e l  t o  the  s t r e s s  di rec t ion ,  and t h e  zone a x i s  of 
these  planes has not as yet  been establ ished,  
however, that the re  can be, and undoubtedly a re ,  a la rge  number 
of such planes due t o  the  complexity of t h e  s t ruc tu re ,  
figure data a r e  also being obtained on the  t ex tu r ing  in  plutonium 
ro l l ed  i n  t h e  a l p h a  phase, 

It is apparent, 

Pole 
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E, CUSTOMER )WORK 

1, Radi oqgtallur gy Lab or a t  or y 

Ekaminat ions 

The resul ts  of rout ine  examinations and measurements are ,  or  
w i l l  be, reported as par t  of t he  sponsoring research and de- 
velopment programs, 
fo r  t h e  month include: 

Radiometallurgy examinations and operations 

53 
4 

26 
20 
18 
7 
7 
19 
24 
31 . 
16 

Equipment 

Hidl Temperature Tensile Testinq, 
wedges and extensometer clamps were designed and ordered f o r  
elevated temperature t e n s i l e  t e s t i n g ,  It i s  expected t h a t  these  
tungsten carbide p a r t s  w i l l  provide a so lu t ion  t o  the  problem of 
gripping specimens a t  temperatures up t o  t h e  3000 F limit of t h e  
t e s t i n g  furnace, 

Tungsten-carbide specimen gr ip  

"B" Cell Modification, 
moved, and f i n a l  decontamination is  i n  progress preparatory to 
i n s t a l l a t i o n  of improved viewing, manipulating, and process equip- 
ment , 

A l l  "B" north in-cel l  equipment was re- 

"E" C e l l  Metallomaphic Equipment Fabricat  ion of the remte 
metallograph p a r t s  was completed, and assembly i s  i n  progress,  
Design of a metallographic specimen grinder,  which uses an  o r b i t a l  
grinding m t i o n ,  was completed, and fabr ica t ion  i s  in  progress,  
The u n i t  w i l l  be mounted on a +inch diameter c e l l  plug t o  permit 
grinding of a l a rge r  number of specimens a t  t h e  same time, 

"I" Cell Microhardness Blister,  
hardness t e s t e r  and cont ro ls  continued, and a number of equipment 

Testing of t h e  remote micro- 
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2. 

modifications were made t o  improve operation of the un i t ,  
F ina l  t e s t i n g  with ca l ib ra t ed  standards i s  i n  progress, 

Strain Cage Spot Welder. Fabrication of the remote spot- 
welding head designed t o  spot weld s t r a i n  gages on the surface 
of irradiated process tubing was completed. 
testing is in prowess, 

Fuactional 

Rtmte Belt Sander, The sample m i p u l a t i n g  device w a s  com- 
p le ted  and successful ly  tested. Minor modifications a t e  i n  - 

progress, and t h e  complete sand& is  being t e s t e d  p r io r  t o  
final design of t h e  hood and baffle required t o  contain t h e  
sample coolant ,  

Stereo Zoom Viewer. Fabricat ion of t h e  sample posi t ioner  f o r  
use with the stereo zoom microscope continued in Tech shops, 
Zlle ball-bearing sp l ine  was received'snd in s t a l l ed .  
tests ind ica t e  thst impraved r i g i d i t y  of t h e  screw jack w i l l  be 
required t o  eliminate a snrrll amount of vibra t ion  during ele- 
vat ion of the s l ide .  

Preliminsry 

M a l l o g r a p h y  Isboratories 

Routine Metallography Iabora tor ies  a c t i v i t i e s  w i l l  be reported 
as part of the sponsoring research and development component's 
mrk; huwcver, item of um,asua.l i n t e r e s t  o r  representing depar- 
tures f rom rou t ine  operations w i l l  be reported here, 
report mnth ,  356 samples were processed, a t o t a l  of 533 micro- 
graphs and xmcrographs taken, 2035 negrrtives printed,  and 6294 
prints processed . 

During the  

Tests have been conducted in t h e  N Fuels Ehgineering Operation 
t o  evaluate the =tal  i n t e g r i t y  of c e r t a i n  Zircaloy cap material 
u e d  ftar N-Reactor f u e l  closures, Two suspect f u e l  elements 
were placed under an extended autoclave test .  One element failed 
CoPlpletely and the  o ther  suffered colnplete penetration of the  C S P e  
'Ihe path of  corrosion, as shown by metallographic sectioning, was 
through the  base metal of the Zircaloy cap, n o t  through the  braze 
8 l loy .  lhese caps are cu t  from extruded Wrcaloy rod, and the  
m e c t i o n  of extrusion i s  coaxia l  with the f u e l  elements a f t e r  
asrepbly. Therefore, it follows tha t  uhen an impurity, s t r i nge r ,  
or inhomgeneity occurs i n  t h e  Wrcaloy extrusion, t h i s  w i l l  
appear i n  t h e  cap as a possible corrosion path, 
time, several caps displaying such inhomogeneities are under 
study t o  determine the  nature and cause of these defec ts ,  

At t h e  present 
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A report w a s  wr i t ten  and issued on "Failure Analysis of Valve 
Stem - for a 24-inch Valve from N-Reactor," HW-8383lO 

30 High Temperature Lattice Test Reactor (HTLm) 

The four graphi te  heater  rod elements have been i n s t a l l e d  i n  
the large HTLTR mockup. Power c i r c u i t r y  cont inui ty  checks 
were completed, and no ml func t ions  were observed, 
s i s t ances  o f  individual  rods were acceptably balanced, 
Numerous weighed graphi te  samples and metallic coupons have 
been in s t a l l ed  for t es t  and comparison, The doors have been 
in s t a l l ed ,  and checking of t h e  seal i n t e g r i t y  of t he  e n t i r e  
system i s  i n  progress,  

me a b i l i t y  t o  enlarge a graphi te  channel hole and a l s o  t o  
uschine penetrat ions through the  outer  s h e l l  and b r i ck  was 
demonstrated; two graphi te  channel holes were enlarged from 
2-3/4 inches t o  3 inches i n  diameter, Also, 8 l-l/b-inch 
diameter hole  was d r i l l e d  through a br ick  s ide wall and two 
graphi te  blocks t o  permit observation of a port ion of a heater  
element 

Total  re- 

Preparations were coplpleted for obtaining mechanical t e s t  da t a  
a t  1000 C on graphite-base materials t o  be used i n  f u e l  and 
cont ro l  rods,  Environmental tes ts  of these  materials are a l s o  
being prepared t o  obtain detailed i n f o r m t i o n  on in te rac t ions  
between U02-graphite and TD n icke l  and between B4C-graphite and 
TD nicke l ,  

4, EBWR Fuel Elements 

EBWR Plutonium Fuel Loading, A l l  t h e  U02-1,5 At02 fuel rods 
required f o r  c r i t i c a l i t y  t e s t i n g  of t h e  f irst  EBWR plutonium 
core  loading have been completed, Yet t o  be fabr ica ted  are 
300 rods  required f o r  power operation and f o r  spares and 25 
spec ia l  physics fuel rods containing plutonium wi th  8, 20, and 
26% FU-240, 

The f i rs t  batches of  mixed oxide (1.5% Pu02-U@) u t i l i z i n g  high 
fired U02 were processed where the  O/U r a t i o  was control led by 
b-l;eading i n  U3O8, ' B e  advantages of blending U308 w i t h  U02 t o  
achieve an  i n i t i a l  O/U r a t i o  >2.015 for Nupac dens i f ica t ion  
cont ro l  are: 
of t h e  p a r t i c l e  s i z e  (surface area B less c r i t i c a l  i n  the subse- 
quent Nupac operation, ( 2 )  t h e  blending of a r e l a t i v e l y  small 
amount of U3O8 i n  a l a rge  amount of U02 makes f i n a l  O/U r a t i o s  

(1) blending t h e  U30 with the U02 makes t h e  control  
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i n sens i t i ve  t o  weighing e r ro r s ,  and ( 3 )  po ten t i a l  gas pickup 
in the U02 during roas t ing  i s  eliminated. 

EBWR Fuel Element Tubinq. 
previously rejected (replacement) Zr-2 cladding tubes;  pre l imi-  
nary infarlprtion ind ica tes  that the tubing w i l l  be acceptable 
after u l t rasonic  inspect ion 

Replacements have been received f o r  

Irradiation Testing of EBWR Prototype Fuel Rods, Twelve capsules 
(one with prototypic f i s s i o n  gas plenum) a r e  being irradiated i n  
the MTR, and 20 (six with plenums) have been discharged. Maximum 
ca lcu la ted  e osures of t h e  in-reactor and discharged specimens 
are 3 * l  x 10% f i s s i o n s / c d  (11,300 Mwd/ton of f u e l )  and 2 ,7  x 
1020 fissions/cn? (10,000 Mud/ton of fuel) ,  respect ively,  Two 
of the capsules with plenums and one without were examined and 
continue to  ind ica te  that t h e  EBWR f u e l  rods w i l l  perform satis- 
f a c t o r i l y  under proposed EBWR conditions.  

Over 60 t y p i c a l  E3WI f u e l  rods have been selected for i r r ad ia t ion  
testing in  W o r d  r eac to r sa  . 

evaluate fuel dens i ty  m i a t i o n  along the length of t he  rods 
w i t h  the  g a m s  absorptorueter, 

Work is curren t ly  i n  process t o  

. 5 .  Other Customer Work 

Phoenix Fuel. 
of the phoenix Fuel prowam was completed. 
disks ,  0.020 inch thick,  were fabr ica ted ,  

The f ab r i ca t ion  of 20 w t %  Pu-A1 disks i n  support 
AQproximately 6100 

PRCF Fuel Fabrication. A hood f a c i l i t y  h a s  been prepared so that 
PRCF rods m y  be v ib ra t iona l ly  compact& i n  a v e r t i c a l  posi t ion 
using a resonat ing p l a t e ,  A 25-inch extension piece w i l l  clamp 
t o  the lower end of the fue l  rod and couple it t o  t h e  resonating 
plate 

%is system should el iminate  t h e  long v ibra t ion  periods that 
these short (36") rods required on a horizontal  beam system, 
Tha combination of long vibra t ion  periods and clamping a t  t h e  
top of  the rod resu l ted  in  t h e  cracking of several rods on the  
hor izonta l  system. 

c 

U@-Graphite Pnysics Fuel Elenrants, 
appr oxinst  i n g  -controlensions was formed using an 
orggnic binder ,  ca re fu l ly  cont ro l led  heating rates, and cold 
pressing techniques. Further work i s  in  progress t o  improve 
mechanical propert ies  preparatory t o  fabr ica t ion  of p i l o t  quan- 
t i t i e s  for t h e  BTLTR "hot mockup" tests, 

A 69 vt% U02-graphite sleeve 
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&-A1 Fuel Elements, Two "dummy" elements were fabr ica ted  using 
hydrostat ic  pressing t o  achieve a core-to-clad contact  f i t ,  
This f a c i l i t a t e s  assembly, e l iminates  weld a r e a  contamination, 
and resul ts  i n  100% core-to-clad contact  areaa The fabr ica t ion  
of twelve 20 w t %  Pu-A1 I&E f u e l  elements f o r  IPD-HAP0 i r r ad ia t ion  
i s  scheduled f o r  completion by month-end, 

Pu-240 Studies,  Ten samples of Pu-A1 varying from 1 t o  50 w t %  Pu 
and %8 t o  27% PU-240 were provided t o  Radiation Monitoring f o r  
purposes of developing exposure data on high Pu-240, high w t %  At, 
a l l o y s  

Boil ing Burnout f o r  t h e  Advanced Test Reactor (ATR), In prepara- 
t i o n  for  the  bo i l ing  burnout experimentation f o r  t h e  ATR, tests 
were performed t o  determine t h e  degree of simulation of t h e  
reactor hydraulic c h a r a c t e r i s t i c s  obtainable w i t h  the low pressure 
heat t r a n s f e r  apparatus,  It i s  des i r ab le  t o  sillpilate the  hy- 
draulic c h a r a c t e r i s t i c s  of t h e  ATR during t h e  bo i l ing  burnout 
experimentation because it i s  an t ic ipa ted  t h a t  hydraulic insta-  
b i l i t y  w i l l  be a very important f ac to r  which could limit t h e  
maximum a t t a i n a b l e  heat fluxa 

In t h e  ATR there are about 800 coolant channels through t h e  core 
connected by l a r g e  plenums a t  each end, 
supply curve t o  ind iv idua l  flow channels w i l l  be e s sen t i a l ly  
"flat," me mst p r a c t i c a l  manner t o  simulate t h i s  type of  
supply cha rac t e r i s t i c  with the  heat t r a n s f e r  apparatus involved 
bypassing large a m u n t s  of coolant around t h e  t e s t  sect ion,  
Al te ra t ions  t o  t h e  apparatus t o  accomplish t h i s  have been per- 
formed a 

Therefore, the hydraulic 

The hydraulic experiments performed on t h e  r e s u l t i n g  m d i f i e d  
piping system of the heat t r a n s f e r  apparatus demonstrated that 
an adequate simulation was accomplished over much of  t he  range 
of test  sec t ion  flow rates an t ic ipa ted ,  However, at very low 
flow rates ( s i n d a t e d  operation during a power outage),  the 
accuracy of t h e  simulation was reduced somewhat, This was due, 
i n  part, t o  the  influence o f  t he  spec ia l  flow and temperature 
measuring instrumentation i n  t h e  coolant supply passages on t h e  
pressure drop. The accuracy of simulation a t  these  low flow 
rates cannot be determined conclusively u n t i l  t h e  t es t  sect ion 
demand c h a r a c t e r i s t i c s  are determined w i t h  heat generation i n  
t h e  t e s t  sec t ion ,  

Pressure and flow o s c i l l a t i o n s  were a l s o  invest igated during 
these  preliminary tests,  Various pressures  and flow rates i n  
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the system. and psrticularly in the test section, were mea- 
sured continuously by mans of semi-hi@-speed instrumentation. 
Similar pressure fluctuations as observed in most high flow 
rate piping systems were mhasured at  mat points i n  the 
apparatus. Observations w e r e  made regarding the adequacy of 
the proposed instrumrntation system t o  respond t o  either the 
pressure fluctuations or average pressure as required, 

M-w= 
Reactor and Fuels Laboratory 
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N-Reactor La t t i ce  Parameter and Spectral  Measurements a t  S ta r tup  

Document HW-84083, "Lat t ice  Parameter and Spectral  Index Measurements on 
the El-Reactor La t t ice  at Tvo Temperatures, Part I: 
duced for d i s t r ibu t ion .  

Data," has been repro- 

Coproduct Ekperiments for KPR 

Experiments are being planned f o r  the  PC'IIR and exponential p i l e s  t o  measure 
the infinite mediummultipllcation f ac to r  &, t he  conversion r a t i o s  of both 
d r ive r  tube and t a r g e t  rod, and t he  material buckling # of coproduct 
elements. Additional experiments are planned t o  measure control  s t rength 
in the  l a t t i c e .  
foils in the 1.95 w/o outer fuel tube. 
load are scheduled t o  be ready early in October. 
hand. 

Initial plans have been formulated for posi t ioning of 
Outer tubes t o  canplete the  PCTR 

All t a r g e t  rods are on 

lWR U t i l i z a t i o n  Studies  

The Phase 111 (power only) fuel cycle analyses requested by Mu) have 
been ccmpleted. This work, car r ied  out in  conjunction with IJRD, covered 
the  nuclear c h a r a c t e r i s t i c s  of U% and Tho2 f'uels i n  the present NPR 
geanetry. Previous work (by o thers )  had indicated tha t  minimum fue l  cos t s  
would l i e  between 10,000 and 20,000 %d/t f o r  the  enriched U%, and around 
30,000 Mud/t for the  U-235 enriched Tho;!. 
support these estimates.  

The present r e s u l t s  tend t o  

Ut i l i za t ion  of mutonium Fuel 

Cslculat ions in support of t he  planned PCTR experiment on void and Doppler 
coe f f i c i en t s  for uE6 Pu-AI. production reac tor  elements are continuing. 
1.0 w/o case has been added f o r  both the  and 4 ccanpositions. Past and 
present ca lcu la t ions  make use of the  ZODIAC code with the b u i l t - i n  TBMPEST 
'and GAM codes f o r  microscopic cross  sec t ion  averaging. 
under way t o  make use of THERMOS t o  obtain improved parameters. 

A 

An e f f o r t  i s  now 
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Instrumentat ion 

Thh H Reactor subcri t ical  monitor and f i ss ion  counter preemplifier per- 
farmed successfully during several s tar tup tests. 
problema are being resolved as the causes are determined. 
cations are being made t o  the positioner motor control chassis t o  isolate  
wires in  the signal conduits. These changes should materially reduce the 
noise problem. 
amplifiers f o r  use u i th  the subcri t ical  monitor system, and it was deter- 
mined tha t  portions of the main chassis c i rcu i t ry  should be m o d i f i e d  Arrther. 

Minor transient noise 
Circuit modifi- 

In addition, fabrication was continued on two nore pre- 

The shielding properties of a ccnmnercially available cask were reviewed t o  
determine acceptabili ty for use in cross-country shipnents of FrrEldiated 
I R e a c t o r  fuel elements. A le t ter  w a s  prepared summarizing the ~ . s c l u s i o n s .  

Data enalysis was conducted regard- the irradiated fue l  age monitoring 
technique following acquisit ion of considerable experimental measurement 
data. The technique, as developed and demonstrated in a ser ies  of tests, 
appears t o  be adequate for measuring the cod ing  "age" of irradiated, 
discharged fuel elements. 

System Studies 

An analog m o d e l  of the N Reactor pressurizer was coupled with the primary 
flow and volume contraction models t o  study the  e f fec ts  of variable prFmary 
pump coastdown rate on pressurizer level .  
made It d i f f i c u l t  to couple the volume contraction model t o  the primary 
flow m o d e l ;  however, most of the required mns were canpleted. 

A noisy different ia t ing c i r c u i t  

Rimary pump data were recorded fran the primary pump controller at the 
N Reactor. 
primary flow rates, probably due t o  the governor pos i t imer .  Recorders 
were located in the system in order t o  obtain data when a scran occurs; 
however, no data have as yet been available. 

Plots of the data show a change in system gain for higher 

Rel iab i l i ty  calculatians of the IPD Ball 3X system for  the s m a l l  reactors 
continued during the month. Redesign of the e l ec t r i ca l  part  of the Ball 3X 
system of sane reactors i s  belng considered. 
be- used as a standard against which t o  caupare proposed systems based on 
an analysis of r e l i a b i l i t y  and a b i l i t y  t o  M e  special circumstances. 
Rel iabi l i ty  analyses for D and K Reactors were calculated and documented 
(EW-83889). 
posed Ball 3X safety c i r cu i t  under study were a l s o  ccmpleted. 

The existing systems are  

Rel iabi l i ty  calculations on the e l ec t r i ca l  portion of a pro- 
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C r i t i c a l  Ekperiments with Plutonium Solutions 

C r i t i c a l i t y  measurements were continued f o r  obtaining basic  data for 
nuclear sa fe ty  guidance i n  handling Pu solut ions.  
made with a 15.2 i n .  diameter thin-walled stainless s t e e l  sphere of 
30.2 l i t e r  volume. C r i t i -  
c a l i t y  was obtained with PU n i t r a t e  solut ions having F'u concentrations 
in the range of 24-29 g/$. The e f f e c t  on c r i t i c a l i t y  of the stainless 
steel vesse l  w a l l  was a l s o  invest igated;  the thickness  of the vesse l  
w a l l  w a s  increased by adding t h i n  stainless s t e e l  nest ing s h e l l s  t o  the  
sphere. 
r e f l ec t ed  sphere when exact ly  full (30.21) a r e  presented below: 

The measurements were 

!The vesse l  was f u l l y  r e f l ec t ed  with water. 

Measured c r i t i c a l  concentrations (and masses) for  the  water- 

Critical Values f o r  15.2 in .  Sphere Reflected with Water 

S ta in l e s s  S tee l  H h  
Vessel W a l l  Acid Total C r i t i c a l  Atcmic Cr i t i ca l*  
Thickness Molarity Ni t r a t e  Pu Conc. Ratio Mas s 

47 mils 0.52 58.2 g/Z 24.4 g / l  1062 0.74 kg 1 - 
127 mils 0.54 59 .5  g/r 25.2 g/r 1028 0.76 kg PU 

* Includes 4.6 w t $  P u ~ ~ O .  

Gold f o i l  irradiations were made for determining the  extrapolat ion 
length (and buckling) of t he  water-ref lected sphere. 
irradiations with gold and copper f o i l s ,  shielded with boron solut ions 
of d i f f e r e n t  concentrations,  were canpleted f o r  determining the  neutron 
energy spectrum w i t h i n  the  c r i t i c a l  sphere. The latter information i s  
needed t o  help f a c i l i t a t e  the  co r re l a t ion  of t heo re t i ca l  methods with 
exper-nt . 

A series of 

Subc r i t i ca l  Expe riments with Enriched IT-Fuels f o r  Nuclear Safety Guidance 

A s e r i e s  of exponential and neutron mul t ip l ica t ion  measurements were 
begun with 1.25 w t $  @35 enriched tubular  fuel elements (2.4 in .  o.d., 
1.8 in. i . d . )  in l i g h t  water. This work, which is  being performed in 
the  326 Building, w i l l  provide needed data f o r  nuclear s a fe ty  guidance 
in  processing and s tor ing  enriched IT r eac tor  fue l s .  
buckling values obtained frun the  exponential measurements, and t he  
c r i t i c a l  masses estimated f r a n  neutron mul t ip l ica t ion  curves, pulsed 
neutron source experiments a re  a l s o  being performed that provide data 
on the pranpt c r i t i c a l  number of f ie1  tubes i n  the  l a t t i c e s  together with 

In  addi t ion t o  the  
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infannation on the neutron lifetime and &ff. 

Each fuel column of the cylindrical  array was 52 in. in length, be- 
ccapprised of two zirconium clad fue l  elements. A hexagonal loading pattern 
is  be- used f o r  the l a t t i ce s ;  the l a t t i c e  c e l l  is an equi la teral  t r iangle  
w i t h  equal distance between adjacent rods. The spacing fo r  the first lat- 
t i c e  was 2.8 in. (+O/U volume r a t i o  of 2.5) which gives near optimum 
moderation for these fuel elements. 

Re lh imwy results of the measurements on the 2.8 in. l a t t i c e  are 
presented below. 

Subcrit ical  Experiments with 1.25 wt$ Enriched U r a n i u m  Tubes 
(2.4 in. o.d., 1.8 in. i .d.)  

Canputed C r i -  E s t i m a t e d  C r i t i -  
Measured t i c a l  NO. of c a l  NO. of 52 in. 

Extrapolation 52 in. Tubes Tubes frun Neutron 
QO/U 

Lattice Volume Material 
spacing Ratio Buckling k w t h  fran BucklFng Multiplication 

2.8 in. 2.53 4 6 2 ~ 0  -6 an- 7.8 cm . 62.6 6 3 2  

Raupt  Cr i t ica l  l o .  Ccmputed Cr i t ica l  No. 
of 52 in. Tubes fran . of Tubes ( h e 1  Elements) 

Pulsed Neutron Source fo r  Cylinder Height of 
Experiment 26 in. 

* 66.7k1 88 ( w  2870 IbS. U )  

!be c r i t i c a l  number of tubes as cauputed fran the measured buckling, and 
as estimated fran the c r i t i c a l  approach ( the  assembly contained ,0.75 
of c r i t i c a l  number of' tubes) are in good agreement with one another. 
difference between de lqed  and prosnpt c r i t i c a l i t y  is about four tubes.. 
The Ipc1L8urcIpcpts also predict that ~ n l y  88 of the 26-in. fuel  elements 
c a d  be made c r i t i c a l  at this spacing. Ban the viewpoint of nuclear 
safety and c r i t i c a l i t y  in w a t e r ,  the 1.25 ut$ enriched 26-in. fuel element 
is perhaps the worst length possible, for  in th is  case, c r i t i c a l i t y  is  
obtained in a cylindrical  array w i t h  the height-to-diameter of the cylinder 
being near unity. 

The 

Purther experiments w i l l  be performed at other l a t t i c e  spacings with these 
tubes, and also with tube-in-tube assemblies. 

1 2 2 9 b 4 3  
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pulsed Neutron Source Ekperiments 

Pulsed neutron saarce experiments were performed for  determining the prmpt 
neutron l ifetime i n  the F ~ I  solution of a c r i t i c a l  l5.2-in. diameter water- 
reflected sphere. 
fo r  a At n i t r a t e  solution containing 24.4 g Pull (H/Pu atcmic r a t i o  of 
1062) and 58.2 g N3/Je 

Pulsed neutron source experiments were a l so  made i n  conjunction with 
exponential and neutron multiplication measurements on a l a t t i c e  of 1.25 
ut$ enriched uranium tubes (2.4 in.  o.d,, 1.8 in.  i .d . )  i n  l i gh t  water. 
For a l a t t i c e  spacing of 2.8 in. ($O/U volume r a t i o  of 2 . 5 )  the neutron 
l i fe t ime i n  the cylindrical  assembly of 52-in. length was estimated t o  be 
,37 p sec at  delayed c r i t i c a l i t y .  
was 283. 

The measured lifetime in  the 30.2 sphere was 39 v sec 

"he H/U235 atomic r a t i o  of the  l a t t i c e  

GAMPM= Crass-Section and Lattice Parameter Code 

A number of changes have been made i n  the GAMTEC cross section and l a t t i c e  
parameter code since it was placed on the SPL l ibrary  tape about a year 
ago. 
and the cross sections have been put on one magnetic tape t o  minimize tape 
handling. 
b i l i t i e s  instead of f i r s t  f l i gh t .  Aa error  w a s  a l s o  found in  the old code 
and corrected. The new version of the code i s  now on the SPLlibrary tape 
and may be used under the name "GAMTB2."  

The Input format has been changed t o  the so-called "Listin Method" 

The fast e f fec t  i s  now determined by n-flight col l is ion proba- 

SMC, A Mode Carlo C o d e  fo r  Spherical Geanetry 

One of the bare Ai solution c r i t i c a l  assemblies ( a  15.2 in. sphere of 
30.U volume) is  be- analyzed by Monte Carlo techniques. The c r i t i c a l  
concentration of Fu i n  the  15.2 sphere under analysis was 39.0 g/l, includ- 
ing the 4.6 ut$ Fu2b present i n  the 
!The stainless s t ee l  vessel was assumed t o  have an average w a l l  thickness 
of .&7 in. 
Carlo calculations; the r e su l t s  are presented below, 

The H / h  atomic r a t i o  was 661.7. 

Four thousand neutron h is tor ies  were traced i n  the Monte 

UNCLASSIFIED 



Monte Carlo Calculations f o r  15.2 in. m e  Fu Solution Sphere 

Bo. of No. of so. of No. of 
Epithermal Epithennal The& Thennal 

Absorptims Fissians Absorptions Fissions 
Meterial (Above 0.68 e V )  (above 0.68 e V )  {be lm 0.68 eV) (below 0.68 eV) 

239 96.18 57.16 1957.7 1337 1 
2240 54.00 0.19 21.9 
H 15 -96 340.7 
0 15 0 2 9  0.02 

Steel  0.59 5*3 

xv 1 .lo 17.0 
Stalnless 

Total 183.12 57.35 2342.6 1337 1 

Epithermal Epithenaal Thermal !Thermal 
Neutron Neutron xieutron Reutran 

Lifetime bakage Lifetime Leakage. 
(above 0.68 e V )  &above 0.68 e V )  (below -0.68 e V )  (below 0.68 e V )  

0.826 wec 1330 -9 17.58 w e c  135 5 

keff 1.007 f. .038 

To be in agreement with expezbnent, the canputed value of &ff should 
be unity, and w i t h i n  the uncertainty of the Monte Carlo calculation t h i s  
is so. 
be traced in  order t o  reduce the s t a t i s t i c a l  errors  involved. 

It i s  apparent, however, that additional neutron his tor ies  must 

1. Nuclear Safety in EL 

New nuclear safety specifications and changes in existing specifica- 
tions were reviewed as follows: 

a) Temporary Specification No. 5 for Technical Shops Operation, 
coverlng 1.95 w t $  $35 enriched uranium N fuel, w a s  revised. 

b)  Specification c-16 for Cri t ica l  Mass Physics, covering subcriti- 
c a l  exponential experiments with s l ight ly  enriched uranium m e t a l  
in l igh t  water, was issued. 

1 2 2 9 b 4 5  
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- 
c )  Specification C-17 fo r  Cr i t ica l  Mass Physics, covering the handling 

of IPRD fue l  pieces i n  326 Building, was issued. 

d )  Specification K-8 for  PRPI, covering EBUR fue l  elements, was re- 
vised. 

e )  Specification S-2 fo r  Testing Methods Engineering, covering &-A1 
al loy fue l  elements, was issued. 

2. Nuclear Safety in  Shipment of Fissionable Materials 

A Class I shipment of 37 l b s .  of 0.95 w t $  $35 enriched uranium metal 
was reviewed and approved. 

Three Class I &designed shipping containers have been received for  
testing purposes. 
material i n  the i r  construction prevents neutron interaction with other 
units, and isolates  the f issi le material within each container. Thus, 
there i s  no limit on number of containers f o r  c r i t i c a l i t y  reasons. 
These special containers have received Bureau of Ekplosives approval. 
far use in shipment of f i s s i l e  material. 

Class I shipping containers a re  unique i n  that the 

Cr i t ica l  Mass Laboratory Instrumentation 

Znprovements in nuclear safety have been obtained at  the Cr i t ica l  Mass 
Laboratory through a simple procedure now being used t o  routinely measure 
the time response of the control and safety rods. 
added assurance of re l iab le  operation of the safety and control rod system. 
(The scram time of the safety rod nou being routinely measured during each 
pre-startup check is about 0.2 sec . ) 

The measurement gives 

The major cauponents of the noise analysis system for  the PU Cri t ica l  Mass 
Laboratory have been received. 
smoothing networks and associated amplifiers a re  being instal led in the 
control roan. 
lete. 

Forty channels of "win-T f i l t e r s  and 

The ins ta l la t ion  of the noise analysis system is 75s ccmp- 

Separations Instrumentation and System Studies 

A counting &stem which measures the Pu-239 concentration in l iquid samples 
by monitoring emitted 17 KeV X-rays has been tes ted and calibrated in the 
laboratory, and delivered t o  234-5 Building for  routine, f i e l d  use. 
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MEAKURGY - Nondestructive Testing 

1. 

2. 

3 -  

l b l  Element Testing - EM, Closure 
A tes t  t o  measure end cap thickness i s  required by I h e l s  t o  monitor 
a p o t e n t i a l l y  faulty manufacturing process. 
f e a s i b i l i t y  studies, a prototype u l t r a son ic  test s t a t i o n  was i n s t a l l e d  
in  the 333 Building for use by Quality Control Engineer-. 
of the testing technique were reported last month. Basical ly  the  test 
u t i l i z e s  existing production equipnent In conjunction with an osc i l l o -  
scope readout. Since initial i n s t a l l a t i o n ,  Quality Control Engineering 
has successh i l ly  inspected a group of more than 800 end caps, and found 
the entire group t o  be within spec i f ied  manufacturing tolerances.  
proposal t o  w d  a production unit with au tana t ic  readout is being 
drafted and will be submitted t o  lli Puels upon ccmpletion. 

Following encouraging 

Details 

A 

clad miming Test 

Development is continuing on an u l t r a son ic  test t o  de t ec t  c lad thinning 
Over the brazed regions of N Reactor fuels. 
were f ab r i ca t ed  t o  study the response of 1-megacycle boundary energy 
t o  clad t h i c h e a s  changes. Results are thus far encouraging, and a 
probe is being constructed t o  enable testing of the cap c lad  region 
on an inner tube fuel. 
ary energy in Zircaloy is estimated t o  be about 0.140 in. ,  which is 
considered adequate t o  de t ec t  changes in naninal c lad thickness .  

Tvo 1-megacycle transducers 

The depth of penetrat ion of 1-megacycle bound- 

Bond T e s t  - Target ELements 

A prototype u l t r a son ic  test  for detec t ing  the  bond qual i ty  of lithium- 
alminum t a r g e t  elements has been incorporated i n t o  one of the N lkels 
t e s t i n g  stations. 
and thh tester results are being canpared w i t h  des t ruc t ive  test data .  
The test group consis ted of samples having both bonded and unbonded 
regiC8M and an encouraging co r re l a t ion  between the u l t rasonic  and des- 
t r u c t i v e  tests was noted. 
is  tensportwily postpaned pending a better d e f i n i t i o n  of bond condition 
by B Fuels mineering. Since bonding is  the  undesirable condition in  
this case, conventional c i r c u i t r y  has been conveniently employed t o  
monitor t he  absence of a re turn  echo at  the unbonded region. 
co r re l a t ion  with des t ruc t ive  test data is planned t o  subs tan t ia te  
these  preliminary r e s u l t s .  

A test group of t a r g e t  elements have been Fnspected, 

Evaluation of the  e f fec t iveness  of this test 

Further 
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4. 

5 .  

6. 

7 .  

Braze Contamination Test 

A prototype X-ray fluorescence t e s t e r  (TIT-2) has been i n s t a l l e d  i n  the  
333 Building and i s  being evaluated a s  an advanced inspection method 
for detec t ing  s m a l l  mounts  of uranium contamination at the  end cap 
braze areas. 
radiographic and alpha counting techniques, both of which leave much 
t o  be desired i n  terms of production r a t e  and u n i t  cost .  
f luorescence u n i t  shows good promise of impravement i n  both of these 
meas, and ea r ly  ind ica t ions  a r e  that  increased s e n s i t i v i t y  may a l s o  be 
rea l ized .  

This inspect ion is present ly  being accmplished by auto- 

The X-ray 

Production usage of this u n i t  was reduced t h i s  month as a r e s u l t  of a 
failure of sane c r i t i c a l  canponents f o r  which replacement p a r t s  were 
not immediately ava i lab le .  Spares for these c r i t i c a l  parts have been 
ordered. A maintenance manual f o r  th i s  system has been ordered, and 
additional standards are being developed i n  conjunction with N Fuels 
personnel. 

Surface Contamination Test 

An improved system t o  de t ec t  uranium contamination on f in i shed  f u e l  
surfaces  is  present ly  being designed. 
expected t o  canmence upon ccmpletion of the  detailed design drawings 
of t he  mechanical port ions.  
have been designed and fabr ica ted  and a r e  present ly  undergoing l a b  
checkout. 

Fabricat ion of t h i s  u n i t  i s  

The e lec t ronic  port ions of t h i s  unit 

Gnrichment Test 

A W o r d - d e v e l o p e d  tester which monitors the percentage enrichment 
of as-received u ran ium bi l le ts  has been i n  use f o r  sane t i m e  by 3 Fuels 
Quality Control. How that t h i s  un i t  has been accepted as a production 
l i n e  quality cont ro l  too l ,  data a r e  being accumulated in  preparation 
for wri t ing  a c w e t e  operating and maintenance manual. 

Irradiated Fuel T e s t  

Design of the  mechanical port ions of the  remotely operated, i r r ad ia t ed  
f u e l ,  testing s t a t i o n  (UT-lOB), f3r use in  the 1og-N fuels examination 
basin,  has been canpleted. A new control  Fanel f o r  t h i s  unit has a lso  
been designed. 
of all f ab r i ca t ion  and development work on t h i s  pro.ject. 

Recent funding problems have necess i ta ted  curtailment 
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Development e f fo r t s  on this project during the past month have been pri-  
marily directed towards upgrading the electronic portions of the system 
far use in the log-N storage basin. Items requiring attention included 
test' frequency evaluations, establishment of appropriate amplifier band 
widths, loading problema resul t ing fran longer cable lengths, and reloca- 
t i on  of various adjustments t o  f a c i l i t a t e  setup and maintenance procedures. 
As a resu l t  of this effort, canplete interchangeability has been attained 
between the bond tester, the core tester, and an auxiliary chassis. 

Upon receipt of recently revised requirements for  a proposed cladding 
thickness tester frau I Reactor personnel, a proposal let ter describing 
an d d y  current clad thickness tester has been sutxnitted, 
of changes in required tester capabili ty and versa t i l i ty ,  the current 
proposal represents a cost reduction of sane $8,100 in development effort 
required t o  meet the  revised test  requirements. 

As a result 

B Reactor Testing - Dump Condenser 

The final draft of a testing report  describing an eddy current test which 
vas employed t o  assess the in tegr i ty  of tubing in  the I Reactor dump 
condensers, has been prepared and documented ( HW-83899). 

AlSi mels Test- 

At the request of IPD a prototype eddy current sector gage which measures 
the wall thickness of reactor process tubes was evaluated. 
documented with recaanncndaticms for obtaining Fmproved performance of the 
Fnstrument . 

Results were 

rmTElm CROSS SECTIm PROGRAM 

Triple-Axis Spectraneter 

The operatioa of the spectraneter was very limited during the month due t o  
reector opemtlons and the use of the spectraneter t o  align monochranating 
c rys ta l s  far the time-of-flight spectrometer. 
t o  determine the efficiency of the analyzing spectraneter in order t o  obtain 
improved accuracy in absolute values of d i f fe ren t ia l  scattering cross sec- 
t ions.  

A study is  again under way 

Time-of-Flight Spectroscopy for Slow Neutrons 

Analysis w a s  continued on the operating character is t ics  of the TOF spectrm- 
e t e r  fran the t e s t  runs made in  August. During September the  spectraneter 
was not available due t o  reactor operations and a number of improvements 

1 2 2 9 b 4 4  
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- 
and modifications were made t o  the  spec t rme te r  during t h i s  period, 
included cadmium l i n i n g  the i n t e r i o r  of the sca t t e r ing  chamber, i n s t a l l a -  
t i o n  of t he  two new transmission-type beam monitors which arr ived during 
the  month, and miscellaneous improvements t o  the spectrameter and sca t te r -  
ing chamber shielding. 
preliminary measurements indicate  that t h i s  c rys t a l  w i l l  subs tan t ia l ly  
improve the time and energy reso lu t ion  figures obtained with the first 
aluminum c rys t a l .  
f o r  use wi th  the copper c r y s t a l  and fabr ica t ion  of the  system is nearly 
ccmplete. 

These 

A copper monochromator was aligned i n  a ro to r  and 

A new s l i t  system was designed fo r  the mechanical chopper 

Fast-Neutron Cross Sections 

A series of 3- t o  l 5 - M e V  t o t a l  cross  sect ion measurements was, canpleted 
during the month. 
channel instrumentation was put i n t o  service.  
neutron de tec tor  time reso lu t ion  resu l ted  i n  the  r e s to ra t ion  o f . t h e  best  
reso lu t ion  previously achieved on t h i s  system. 
series of measurements was f i n a l l y  canpleted following several  malfunctions 
of t h e  neutron detector ,  a failure of the 400 channel analyzer and the 
separate replacements of a charging bel t  and ion source f o r  the V a n  de 
G r a a f f .  Most of the measurements made were unique i n  some respec . Two 
me 2 ,  and 
$'. and Cr53 was measured f o r  a 
second determination a t  W o r d .  None of th2se separated isotopes have 
been previously measured elsewhere. In addition, t he  t o t a l  cross  sect ion 
of platinum w a s  measured f o r  the f irst  time at  Hanford. 
of t h e  mass spec t rme te r  laboratory was used t o  cor rec t  same punched paper 
tape output f o r  which one channel of the  tape punch was not operating. 

Pr ior  t o  the measurement's the new t rans is tor ized  side- 
Development done on t h e  

A d r a s t i c a l l y  cur ta i led  

8 urements were made on each of the  separated isotopes Ca44, 
A f i rs t  measurement was made on 

The PDP-5 cmputer  

REACTOR DEVELOPMENT - O4 PROGRAM 

PLUTrnNM RECYCLE PROGRAM 

Pu@-U@ Graphite La t t ice  Studies 

Experiments have begun which w i l l  y ie ld  data on graphite-moderated, air- 
cooled l a t t i c e s  fueled with c l u s t e r s  of nineteen Pu9-Q fue l  rods,  
rods are 0.5" i n  diameter and clad i n  zirconium. 
determine the mass of copper required t o  poison %he u n i t  c e l l  such t h a t  i t s  
neutron mul t ip l ica t ion  f ac to r  i s  unity,  and radioact ivant  f o i l s  with 
selected absorption cha rac t e r i s t i c s  w i l l  be ac t iva ted  i n  the l a t t i c e .  

The 
The PCTR w i l l  be used t o  

UNCLASSIFIED 
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C r i t i c a l  Bcperiments with Ar-A1 Fuel 

Ple PRCF was loaded t o  c r i t i c a l  with 1.8 w/o Fu-Al f u e l  and QO moderator. 
The f u e l  rods are 0.500" in diameter and 44" long and are clad in 0.030'' 
t h i c k  Zlrcalay-2. '12re rods were divided i n t o  th ree  groups according t o  
their Pu-240 content, the three groups containing 5.0, 5.5,  and 6.0 a/o 
At-240. In  order t o  minimize t h e  number of fuel rods needed for a c r i t i c a l  
loading, a three-zone loading was used. 
Fu-240 content were placed in regions of highest  f u e l  element worth, and 
those with t h e  highest  Fu-240 content were placed in regions of lowest f u e l  
element worth. 
fuel rods. This is 24 rods less than t he  number a r r ived  at in an approach- 
t o - c r i t i c a l  experiment when the rods were loaded r a n d a y  ( i . e . ,  not in 
zones). After reaching c r i t i c a l i t y ,  a ca l ib ra t ed  chamber was placed 
in the center  of the  r eac to r  and a power ca l ib ra t ion  was performed. 

The Are1 rods w i t h  the l aves t  

With such a loading the r eac to r  is c r i t i c a l  with 486.3 

Hafnium R o d s  

Several rods, 
r i ca t ed .  
be used t o  inves t iga t e  t h e  e f fec t iveness  of hafnium as a control  rod m a t e r i d  
in various plutonium cores.  

fran 0 t o  50 volume percent hafnium, a r e  being fab- 
first of these  is  now ready f o r  inspection. These rods w i l l  

KFnetics of plutonium-pheled Cores 

The analysis of t he  data fran the poison in j ec t ion  experiments for the t w o -  
zone e0 core and t h e  EBWR e0 core ind ica tes  that the  r a t i o  f 3 / i  will agree 
w i t h  t h e  same r a t i o  obtained fran the noise ana lys i s  by taking the  average 
slope of the  praupt neutron decay and that of the shor tes t  l i ved  delayed 
group weighted by t h e i r  respect ive flux magnitudes at  zero t ime.  The pro- 
duct of this averaged slope and t h e  e t u d e  of the remaFning delayed 
groups a t  zero time is 

Thus, in the equation 

given in Glasstone and 

the r a t i o  p / i .  

Edlund, "Elements of Nuclear Reactor Theory," 
1 

i s  the  weighted average slope of the prcmpt neutron decay and that of the 
shor t e s t  l i v e d  delay neutron group. 

neutron decay at  zero time. 

A is the  in te rcept  of the  delayed 
B-P 

UNCLASSIFIED 
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Theref ore, 

me re la t ionship  between the pranpt neutrons and t h e  shor tes t  l ived  delayed 
neutrons i s  not constant between d i f f e ren t  core configurations.  

Code Development 

1. 

2. 

3 .  

4. 

5 .  

RBU - 
Volumes I1 and I11 of the scheduled three volume RBU publication are 
ccpnpleted. 
pared ( these  do not contain the Monte Carlo flow diagrams which a re  
ye t  t o  be photographed) t o  supply in t e rna l  needs. 
t i o n  of Volume I has been assembled. 
mated 205 of the t o t a l  e f fo r t  needed f o r  c a p l e t i o n  of t h a t  volume. 

A limited number of pre-publication proofs have been pre- 

A subs tan t ia l  por- 
This port ion represents  an e s t i -  

.Promam TEMPEST 

An e r r o r  was found i n  the coding of the BINRD subroutine i n  the sec- 
t i o n  that writes e r r o r  messages t o  tape. 
during conversion f o r  use a t  t h i s  s i t e .  
ava i lab le  f o r  use. 

"he e r ro r  was introduced 
The corrected binary deck i s  

FZEWIS 

FTFWlS is an I34 7090 subroutine for ca lcu la t ing  Fourier transforms by 
numerically in tegra t ing  over half-cycles  of t h e  s ine or cosine and 
using t h e  Wijngaarden transformation t o  acce lera te  convergence. An 
informal document describing t h i s  program and i t s  theo re t i ca l  basis 
i s  being prepared. 

The Scotsman 

The Scotsman i s  an I€!M ?@O program f o r  optimizing a polynanial f i t  t o  
a known funct ion a t  a specif ied l e v e l  of accuracy. 
i s  achieved by expanding the function i n  Tschebyscheff polyncmials. 

The optimization 

SINH, an E M  7090 subroutine, f o r  ca lcu la t ing  the hyperbolic s ine  has 
been developed by this technique. 
Scotsman and the use of Tschebyscheff polyncanials i s  being prepared. 

An Fnformal document describing the 

UNCLASSIFIED 



UIOCLASSIFIED B. 14 HIJ-84291 
1 

6. Two-Dimensional Efulti-Enera Transport Codes 

Two multi-group t r anspor t  cades (rmC and DDK) have been obtained from 
LASL. MIg handles slab,  cy l ind r i ca l ,  or spher ica l  geanetr ies  with one 
spatial dimansion ( z for slab; r for cyl inder  and sphere).  
same geamctric f l ~ i b l l i t y j  however, it handles problems with - two 
spatial d.rmcnsions (x,y for s lab ;  r , z  for cyl inder ,  r , B  f o r  sphere).  
Both are capable of. deal ing  with non-isotropic scatter-. &e test 
case (suppl ied w i t h  the package) has been mn successful ly .  Other 
tests are cu r ren t ly  being run t o  determine the  r e l i a b i l i t y  of the pro- 
m=* 

DDK h a s x e  

The General Atanic code, ZUT, which ca l cu la t e s  resonance in t eg ra l s  frun 
parameters for resolved resonances, has been adapted t o  the HAP0 7090, 
and a test  case has been successful ly  run. 
infinite mess (PI) and narrow resonance (NR) approximations ava i lab le  
in GAM and ERG, PYY opt iona l ly  finds resonance In t eg ra l s  f r a n  d i r e c t  
numerical i n t eg ra t ion  of t he  c o l l i s i o n  dens i ty  In the  v i c i n i t y  of t he  
resanances. llze canpanion code, TUZ, which ca l cu la t e s  unresolved 
resonance contr ibut ions,  has not yet been adapted. 

In addi t ion  t o  the  custanary 

Modified 710 Reactor Study 

A reactor physics inves t iga t ion  of the f e a s i b i l i t y  of using e i t h e r  Ar-239 
or U-233 fuel in a 710-type cermet r eac to r  has been s t a r t ed .  Pu or U-233 
f u e l  may be advantagems for t h i s  r eac to r  because it o f fe r s  the p o s s i b i l i t y  
of smaller c r i t i c a l  s ize  far a given core l i f e ,  or a longer core l i f e  f o r  
a given r eac to r  s i ze .  
prepared. 

Bctensive r eac to r  s t a t i c s  ca lcu la t ions  a r e  being 

Iso topic  Analy ses of PRTEt Samples 

Isotopic  analyses were performed on 34 samples of PRTR-irradiated f u e l  
elements. Of these 6 were plutonium and 9 were uranium burnup samples 
frau Puoz-lQ fuel element number 5187, 10 were plutonium microdr i l l  
samples frau .Al-Ii-Pu e l e n t  number 5103, and 9 samples were r e m s  frun 
U% ekments  numbers 106, 1041, and 1101. 

Instrumentation and Svstem Studies 

Iaboratary exper-nts were canducted using a collimated, lead-shielded, 
so l id  state diode de tec tor  t o  de l inea te  the migration of plutonium i n  
sec t ions  of experimental fuel elements. The detec tor  was counted on a 
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machine-type dividing head t o  permit control led movement and accurate 
posi t ioning.  A 60-micron deplet ion depth de tec tor  was used and collimation 
was achieved us- a square hole, 0.040 inches per s ide.  
sec t ion  was p a r t i a l l y  mapped using 0.1 inch in t e rva l s ,  and sane 300 da ta  
poin ts  were obtained, - Data reduction was i n i t i a t e d .  

One f u e l  element 

A number of instruments were received f o r  incotporation i n  the PRTR experi- 
mental fuel element rupture loop system. One canplete counting channel 
was obtained f o r  use with the  GMtube de tec tors ,  along with n e w  flow 
control  valves and other items. 
recorder f o r  use in the PRTR control  roam. 

Delivery is expected soon on the  remote 

Repa ra t ions  continued f o r  t h e  forthcaning t e s t  of the PRTR automatic 
con t ro l l e r  in the  s t a r tup  and period modes of autopnatic control .  
planned t o  use telephane l i n e s  between the PRTR control  roan and the  3707-C 
Building in order t o  operate the  con t ro l l e r  and moderator system using an 
anslog sirmL.ation of t he  reac tor  k ine t i c s .  The wide dynamic range required 
in reac tor  power f o r  the  t e s t s  require  that cne of t he  la rge  general  pur- 
pose andog cmputers  be used rather than a portable  canputer as was used 
in a previous t e s t  in the  power range. 
fran the  reac tor  t o  insure that c r i t i c a l i t y  wFll not be reached when the 
moderator l e v e l  is a t  maximum height.  
prepared and given prel- t e s t s  with good r e s u l t s .  

It i s  

Suf f i c i en t  f u e l  w i l l  be removed 

A logrithmic analog simulation was 

MTR %-Fu Fueling Proposal 

Work on t he  MI!R H, Pu-Fueling Proposal is continuing. 
physics survey ca lcu la t ions  were s t a r t e d  on Pu-Zr cores.  
information on Pu-A1 cores has been obtained s ince then. The purpose of 
the survey ca lcu la t ions  is t o  obtain i n i t i a l  r e a c t i v i t i e s  f o r  a wide range 
of reac tor  canposit ions and s i zes .  

The i n i t i a l  reac tor  
Additional 

Core widths were varied f r a n  9" t o  1 5 ' I J  core M/Y's frm o 5  t o  2.0, and 
f u e l  concentratians fran .O3 t o  .60 kg/l  of core ,  
considered as follows: 

Four Pu canposites were 

Y/O Pu-239 w/o AI-240 W/O PU-241 W/O Pu-242 2E 
1 67 2 5  27 00 4 e 7 5  1.00 
2 75.80 20.45 3.40 -35 
3 85 915 13 .lo 1.65 e 10 
4 95.6 4.3 -- -- 
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In the initial calculations, the cores were ccmpletely hanogenized. This 
situation corresponds to "very thin" fuel plates.* 

Initial reactivity values and initial power distribution data aze now avail- 
able fro1 these calculations. 
probably be reduced by fuel zoning. 
tar length are estimated at 1.19 (using a "chopped': cosine distribution). 
Far #.e 23.5" Mw core height the axial Pf i  is estimated at 1.31 ( a l s o  based 
an a chopped cosine distribution). 
when realistic control rod positioning is taken Into account. 

The high power peaks at the core edge can 
Peak-to-average values along the reac- 

This power factor is expected to rise, 

For the initial burnup &culatians, the 15", 0.20 kg/l core with M/W of 
1, 1.5 ,  and 2.0 w a s  chosen. !!!hese three reactors were selected because 
they have an initial &ff near 1.1, which is representative of the early 
(1958) EEl Pu core. Results of the "thin plate" burnup calculations for 
these three cores are available. Endurances of the order of 3000 to 
10,OOO EZ'PH seem possible. 

It is now planned to extend the burnup calculations to a wider range of 
core sizes, fuel loadings, and m o r e  realistic fuel element gemetries. 
The possibility of Fncluding burnable poisons will a l s o  be considered. 

MllR mutonium Loading Analysis 

Detailed analysis of MllR cycle 108 (4-Fu loading) has been carried further 
during this reporting period. 
those obtained experimentally have been augnented by the inclusion of time 
dependent xenon and samarium effects during burnup (including power changes). 
Serious difficulties renain Fn the estimation of worth of zenon to first 
saturation in the MIR. This is ccmplicated by the large fraction of the 
core which is influenced by shim rod shadowing and shadowing changes 
short ly  after startup to power. 

Canparison of sune canputed results with 

&-A1 Light Water Brpe riments in the PCTR 

The first of a series of polyethylene-moderated experiments has been cap- 
leted using U-235 in aluminum fuel. Data reduction and analysis is i n  
progress. llae objectives of this experiment m e  to check procedures and 
results wing U-235 prior to beginning the plutonium-fueled experiments. 
The prlncipal experimental determinations were: The spatial variation of 

* This correspondence is only approximate due to the inexact PU-240 treat- 
ment in the GAM calculation. 

UNCLASSIFIED 
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- 
Cd r a t i o s  f o r  Au, Mn, and W3; the  c r i t i c a l  boron concentration f o r  H/U-235 
2 
When k, = 1, it was found that-. 

240 (atOm/atCm); and the  va r i a t ion  of Cd r a t i o s  with boron concentration. 
B/U-235 0.55 (a tan /a tan) ;  Cd r a t i o  (Au) 

1.6; Cd r a t i o  (Mn) G 5; and Cd r a t i o  ( B q )  9 .  

The value of B/U-235 pre- More accurate values await de ta i l ed  ana lys i s .  
d ic ted  by theory d i f f e r s  fran the  above value by l e s s  than 

An order has been placed f o r  10,'OOO borated polyethylene disks.  
disks, which contain 1 .O w/o boron, w i l l  be ava i lab le  f o r  plastic-moderated 
U-A1 and Pu-A1 experiments a f t e r  the  middle of November, 1964. 

These 

Zirconium aydr ide Studies 

The zirconium hydride study has been canpleted and a terminal report  has 
been prepared on t he  results. The o r ig ina l  object ive of the  study was 
canpleted i n  that a successful canputer scheme has been developed f o r  the 
ca lcu la t ion  of prcmpt temperature coe f f i c i en t s  i n  a reac tor  core model 
containing zirconium hydride as a moderator. 
TRIGA reac tor  temperature coe f f i c i en t  were avai lable ,  t h i s  core was se- 
l ec t ed  as a test case f o r  v e r i f i c a t i o n  of t he  technique. The agreement 
with t h e  accepted value of the coe f f i c i en t  is  excel lent  based on a l imited 
number of calculated points .  

U s i n g  the  llRIGA core m o d e l ,  two s e t s  of ca lcu la t ions  vere made. 
case, t h e  bybogen i n  the  water and the  zirconium hydride were t r ea t ed  with 
a water kernel.  In the second case, they were t r e a t e d  using the newly 
developed zirconium hydride kernel .  For the  pa r t i cu la r  case studied, the 
se l ec t ion  of one kernel or t he  other f o r  a given case appeared t o  make an 
i n s ign i f i can t  change i n  the final temperature coe f f i c i en t  values. 
examination of the problem w i l l  be necessary t o  determine whether or not 
th is  is t r u e  f o r  zirconium hydride cores containing no water moderator. 

Since est imates  of the 

In  one 

Further 

React ivi ty  Effec ts  of !transplutonium Isotopes 

Same d i f f i c u l t i e s  i n  updating the  !L!EWFST l i b r a r y  of the  ZODIAC code have 
delayed t h e  progress of t h i s  study. 
soon be resolved. 
Am-242, and Am-243 has been submitted f o r  one time step.  
cess fu l ,  t he  burnup ca lcu la t ions  w i l l  be expanded t o  e ight  time s teps .  

It i s  believed these d i f f i c u l t i e s  w i l l  
The first case t o  evaluate the  e f f e c t s  of Am-241, 

If t h i s  i s  suc- 

EBWR PROGRAM 

EBWR Calculations 

The ca lcu la t ions  of the  temperature, void, snd boron coe f f i c i en t s  of re- 
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a c t i v i t y  reported last month for the  EBWR core have been repeated using 
B E  in place of -1. 
(e.g. ,  Ak,=ff/%) with a renonnal izat ion Fn the absolute  value of &ff of 
approximately +l$. 

The results show e s s e n t i a l l y  the  same coe f f i c i en t s  

Resc0ance I n t e g r a l  Calculations 

Calculations of the e f fec t ive  resonance integrals for U% rods have been 
perfanned using ERG w i t h  canparisom made to'experiment.  The evaluation 
covered a range of rod sizes and fuel temperatures. 
mental values (Hellstrand) I s  approximately 2s throughout the  range of 
temperatures snd S/M values. !Chis uncertainty in the  e f f e c t i v e  resonance 
integrals may lead t o  an uncer ta in ty  in calculated Doppler coe f f i c i en t s  
of roughly 20$. 

Agreement with experi- 

The results are tabulated below: 
$ 

Resonance In t eg ra l s  f o r  U@ R o d s  

0.250 27.41 27.95 29-24 29.71 30.67 31.47 31.84 32.96 32.91 34.2': 
0.500 20.62 21.10 21.80 22.13 22.71 23.29 23.44 24.27 24.12 25.U 

2 .o 12.06 12.79 12.60 12.65 12.99 13.11 13.29 13-50 13.56 13.84 
1.0 15.39 16.23 16.14 16.28 16.70 16.97 17.14 17.55 17.55 18.Otj 

HIGH REACTOR PHYSICS PROGRAM 

The construct ion of the prototy-pe t e s t i n g  mockup of the HTLpi has been 
canpleted.  It is e s s e n t i a l l y  a furnace with a c e n t r a l  2' x 2' x 10' core 
of graphi te  surrounded by about 2 '  of in su la t ing  br ick.  B a t h  core and 
i n su la t ion  are enclosed In a steel shell st rong enough t o  be evacuated. 
Thc graphi te  is traversed longi tudina l ly  by many holes  i n t o  which prototype 
canponents can be inserted. Heat is supplied e l e c t r i c a l l y  by four graphi te  
heater  rods which mstch those present ly  deslgned f o r  the EETR. 
plan of the work t o  be done with the mockup has been out l ined.  
four t o  f i v e  months t o  perform. 
cleaned of contaminant and corrosive gases and the  heaters and thenno- 
couples tested at  high temperature. 
rod prototypes will be inserted. 
of parts of the control  rod and the  f r i c t i o n a l  forces  t o  be encountered by 
the o s c i l l a t o r s  when moving hot sec t ions  of graphi te  w i l l  be invest igated.  
Repa ra t ions  for the initial run have been canpleted.  
samples have been placed at  several  loca t ions  iP t he  mockup and wiil be 
examined a t  the end of the run. A device is being b u i l t  f o r  i n se r t ing  othe-  

The genera; 
It w i l l  take 

In an initial run  the system will be 

I n  a second run the  control  and safe ty  
In a th i rd  run the  d i f f e r e n t i a l  expansion 

Ceramic and metal 

1 2 2 4 b 5 1  
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- 
material samples during the  murse of the  high temperature portion of the 
run. 

The environmental t e s t i n g  of ceramic materials i n  small heated capsules is  
a l s o  proceeding and has been extended t o  include sane measurements of t h e i r  
mechanical s t rengths .  Equipment is ava i lab le  f o r  s t rength measurements at 
temperatures up t o  960'~. 

A s e r i e s  of c r i t i c a l i t y  ca lcu la t ions  has been started f o r  a few typ ica l  con- 
f igu ra t ions  of the  HTLTR. Calculations done in the  pas t  will be extended 
t o  other core s i z e s  and d r ive r  f u e l  geometries. The information w i l l  be 
used i n  the  preparat ion of the  f inal  safeguards analysis ,  in dr ive r  f u e l  
development, and in  planning experiments. 

Final r e s u l t s  on the  outgassing t e s t s  of Tipersul and Fibrefrax show t h a t  
althcugh the  corrosive canponents a r e  about the  same, t he  amount of gas 
evolved by F'ibrefrax is  about one-tenth that of Tipersul.  Fibrefrax has, 
therefore ,  been recamnended as a replacement f o r  diatanaceous e a r t h  i n  the 
arLTR. The details of t h i s  work have been reported 'in HW-83837. 

FUEL CYCLE r n Y S I 8  PROGRAM 

Plutonium Values as a Function of Concentration 

A study is  being made t o  determine the  value of plutonium at various 
concentrations.  Three plutonium canposit ions have been examined: (1 1 A 
s a n e w h a t  academic case where the  plutonium i s  100% Pu239; Pu(lOO-O-O-O), 
( 2 )  a case using an i so topic  canposit ion represent ing plutonium a f t e r  
15,000 Mwd/ton; h(76-18-5-i) ,  and ( 3 )  a case representing second or 
t h i r d  recycle  of plutonium; Pu( 22-46-22-10 1. 
study was a simulated boi l ing  water (BWR) with graded f u e l  management. 

The reac tor  chosen f o r  t h i s  

Figure 1 shows p a r t i a l  r e s u l t s  of th i s  study. For each canposit ion the 
value dec l ines  as the  concentration increases .  This is  caused by two 
e f f e c t s ;  (1) As more plutonium i s  incrementally added, it replaces  
uranium of lower enrichment, thus,  lower priced, which by comparison 
y i e lds  a lower plutonium value, and ( 2 )  a higher plutonium concentration 
causes a s h i f t  i n  the neutron spectrum t o  higher energies which i s  no 
longer optimum, thus  reducing the  value. Figure 2 shows the minimm f u e l  
cos t  f o r  the same range of concentration. The curves i n  both f igu res  a re  
extrapolated at very low concentration because the  e f f e c t  of very small 
quan t i t i e s  of plutonium a r e  d i f f i c u l t  t o  determine, But, with sane small 
adjustments t o  the  computing system, t h e  data w i l l  soon be ava i lab le .  

UNCLASSIFIED 
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Seed-Blanket Studies  

A major problem in the design of seed-blanket r eac to r s  i s  the high heat 
generation rate in the seed. 
t o  i l l u t r a t e  the influence of "spec t ra l - sh i f t "  r e a c t i v i t y  cont ro l  on 
pawer sharing between seed esd blanket. 
30$ fue l ,  lo$ zirconium, and 60$ moderator. 
light water, the neutron spectnun is r a t h e r  w e l l  thermalized; but, if it is 
hesvy water, the neutron spectrum is  predmdnantly epithermal. For these 
ca lcu la t ions ,  the blankef was divided i n t o  two zones-the outer zone was 
alwa.ys moderated with the same mixture of l i g h t  and heavy water used in  the 
seed as d ic t a t ed  by t h e  r e a c t i v i t y  ca lcu la t ion .  
seed, most of t h e  thermalizat ion occurs in the outer  blanket  and the thermal 
neutrons mst d i f f u s e  thratgh t h e  inner blanket before they can be absorbed 
in the seed. Late in the l i fe  of the seed af'ter much of t h e  f i s s i l e  material 
hsa been burned, the thermal flux i s  canparable to ,  or higher than the f lux 
in the blanket;  thus,  maintaining t he  power generation rate in  the  seed 
and consuming the plutonium formed Fn t he  inner blanket.  Figure 3 presents  
the heat  generation rate comparisons for a seed-blanket case using movable 
seed cont ro l  one using spectral shift cont ro l .  Neither represents  an 
pptimized design. Ccmaparative fuel cycle cos t s  are presented in Table I. 
Costs due t o  lOS8 or degrading of D;rO are not included. 

Several  preliminary ca lcu la t ions  were made 

The c e l l  canposit ion chosen was 
Thus, if the  moderator is 

Early in  the  l i f e  of t he  

SEED-BL4mE.r FUEL COSTS 

Volume Blanket Optimum Number 
Control Type seed Parer Cost* Seeds Per Blanket 

1.42 Mills/kn& 8 
1.36 ~ills/kwk 6 

Movable seed 15s G$ 
Mpvable seed 2* 43% 
Spect ra l  s h i f t  159 67s 
Spect ra l  shift 20$ 64s 

.98 Mills/kw& 4 

.92 Mllls/kw& 4 

* Cost bas& on $0.80/cc f u e l  f ab r i ca t ion  cost ,  plutonium at $ l O / g r a m  
fissile ( Ar239, 25s Pu240, 15$ Pu241, and 10% Pu242), and Uranium 
at  $23 5 O / k g .  

VES!l!A - fie1 U t i l i z a t i o n  Studies  

The VESTA f i e 1  u t i l i z a t i o n  code is n e w l y  debugged. This code ca lcu la tes  
the e l e c t r i c a l  generating capacity installed, the e l e c t r i c i t y  generated, 
and t he  f ie1 used by up t o  seven reac tor  types as a fu rc t ion  of time for 
projected fu ture  econmies.  Introduct ion of breeder reac tors  a t  various 
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CaPARISON OF SEED-BLAMcL"r HE2i.T' GEXER4TION FUTES 
1000 

5 

6 
200 

3 
I 
I 

I 
0 1  I 

0 5 i o  15 
Effective F u l l  Powar Months 

Legend 

Seed, movable seed cont ro l  
Inner  blanket,  movable seed cont ro l  
Outer blanket,  mova'oie seed control 
Seed, spec t r a l  s h i f t  cont ro l  
Inner  blanket,  s g e c t r a l  shift cont ro l  
Outer blanket ,  s p e c t r a l  shift cont ro l  

20 

FIGU'R-2 3 UNCMSI?IED 



B-24 Hw-84291 

time snd rates can be calculated f o r  these pro jec t ions  snd the e f f e c t  on 
fuel uti l izat ion,  o r  resource conservation, observed. Breeder introduct ion 
may be limited by the B p L o u p t  of plutonium available t o  provide inventories,  
which in turn is affected by the value of plutonium f o r  recycle  in exist- 
ing thermal reac tors .  

Simulations of the c h a r a c t e r i s t i c s  of r eac to r s  operating in  the  expected 
range of plutonium-uranium-fuel canposit ion Is near ly  canplete for the 
BUR, PWR, aad a sodium-cooled plutonium-fueled f a s t  breeder. Work Is 
continuing on advanced converter r eac to r s .  

Code Development 

QUICX Econanics Code 

A new table that tabulates t h e  fixed and var iab le  port ion of t he  fabrica- 
tion and separat ion fie1 charges has been added t o  the econanic summary 
tbat t h e  QUICK code wri tes .  This table is  wr i t t en  only when a fixed opera- 
tlan cost ,  in dol la rs  per year, i s  entered far a f a b r i c a t i o n  or separat ions 
p l a t .  

This mode of operation of the QUICX code Is p a r t i c u l a r l y  suited t o  the 
situatian where t h e  fuel element f ab r i ca t ion  and separat ions plant  a r e  an 
integral part of the  reactor operation, such as, a t  Hanf'ord. That is, the  
f ab r i ca t ions  and separat ions p l an t s  are in exis tence,  and f ixed  operation 
c o s t s  far these p l a n t s  are available for a given type of Are1 and jacketing. 
plus, a more r e a l i s t i c  value far the f ab r i ca t ion  and separat ions port ion 
of t he  f ie1 cos t  is available than under t h e  normal method of operation. 

Sndifference Values Code 

A new program t o  ccmpute plutonium indifference values ca l l ed  DAPPER, has 
been writ ten.  
m l n l m m t u t a l  fuel cos t s  are ccmputed by t h e  QUICX e c o n d c s  code. 
each ass- plutonium price,  DAPPER sub t r ac t s  t he  minimum t o t a l  fuel 
cos t  of a plutonium cycle  from that of a uranium-only cycle,  and curve-fits 
the d i f fe rences  with a cubic equation. Each of the t h ree  roots  of the 
cubic equation are canputed so that it can be determined which of the roots  
is the proper plutonium value. 
present ly  y ie ld ing  useAiL plutonium values.  

Input information includes assigned plutonium pr ices  and 
For 

The DAPPER code has been debugged and is 

One of two U-234 neutron f l u x  de tec t ing  regenerating ion chambers being 
fabr ica ted  o f f s i t e  t o  Banford spec i f ica t ions  has been received. Delivery 
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of the other u n i t  is  being delayed due t o  f lak ing  of the  U-234 coating. 
The received chamber i s  being prepared f o r  in-core t e s t s  a t  KW Reactor. 

Final f ab r i ca t ion  was canpleted on one B-11 beta current  neutron f lux  
monitor chamber and cable assembly. 
t o  achieve t h e  very h i g h r e s i s t a n c e  necessary f o r  operation of t he  assembly. 
A series of res i s tance  and capacitance measurements were cmple ted  t o  
assure  that a successful in-care experiment can be conducted. 
were encountered in the assembly f r a n  ga l l i ng  of the aluminum port ions 
of the spacers and water Jacket,  and it appears t h a t  a new water jacket  
tube of s l i g h t l y  l a r g e r  ins ide  diameter w i l l  be required.  
cables  w i l l  be radiographed t o  check center  wire dimensions. 
the obtained cables w i l l  be returned t o  the  vendor f o r  reworking. 

m e n s i v e  vacuum pumping was required 

D i f f i c u l t i e s  

The assembled 
Several of 

No further microwave neutron flux monitor experiments were conducted a t  
the Icw Reactor f a c i l i t y ;  a t t e n t i o n  was devoted t o  laboratory experiments 
instead. A gas tube w a s  designed and fabr ica ted  f o r  laboratory t e s t i n g  
of the cross-coupling concept. 
ture could not  be maintained at a high enough l e v e l  t o  support the  plasma; 
thus,  a new capsule design was canpleted and t h e  u n i t  is being fabr ica ted .  
Analysis of the data obtained during the  last s e r i e s  of KW Reactor i r r ad ia -  
t i o n  tests was continued; however, the r e s u l t s  t o  date  have been incon- 
c lusive.  

It was determined that electrode tempera- 

Electramsgn e t i c  Testing 

A series of c i r c u i t  changes and packaging rearrangement i n  the multi- 
parameter eddy current  tubing t e s t  equipment has been canpleted. 
f o r  the o s c i l l a t o r  unit, a l l  c i r c u i t s  a r e  now housed in  the  or ig ina l  
multiparameter tester cabinet rack. These changes incorporated provisions 
far additional filtering t d  reduce interchannel harmonic Interference,  and 
attenuator networks t o  prevent werdr iv ing  of reference signal ampl i f ie rs .  
The gain of t he  four main signal channels range f r a n  10,000 a t  250 kc t o  
46,000 at 6 kc with a band pass of 4 kc. 

Ekcept 

A hydrided region of 300 ppm i n  a laboratory sample of N Reactor process 
tubing was detected w i t h  a small f la t  eddy current  t e s t  c o i l .  
0.210 inch 0.d. test c o i l  i s  operated at  200 kc. The signal power i s  
coupled t o  the c o i l  through the recent ly  developed air core transformer 
with a r o t a t i n g  secondary winding. 
del ivered through a f l e x i b l e  dr ive  shaft from a motor located outside the  
tube. 

This 

Mechanical power f o r  scanning i s  

1 2 2 9 b b 4  



A method t o  display the cross section of the tubing under test and t o  show 
the relative location of detected defects is be- developed. 
will be usable with both the conventional eddy current test and the multi- 
-tar test. However, the significance of this display technique w i l l  
be m o r e  fully realized when used with the multiparameter test which has 
mare defect information available. It is anticipated that this new display 
techniqye w i l l  be very useful in the further d e v e l o p n t  of the multiparam- 
e t e r  test- approach. 

D e v e l o p n t  ccmpleted t o  date has resulted in a display of a circular  
cathode ray tube scan ( J  scan) t o  represent the t u b a  w a l l .  
spot location and movemeat i s  determined by the test c o i l  shaft position 
and macranent. 
obtained, representing the outer circumference of the tube being tested.  
Defect slpnn'ls modulate the o s c ~ o s c o p e  sweep signals which causes a re- 
duction in diameter of the circular  sweep. 
diamter I s  proporti& t o  the defect s i ze  and display position shows the 
re la t ive . loca t ian  of the defect around the periphery of the tube. 

This display 

The beam 

Wben no defect s-s are present a circular  trace is  

The amount of reduction in sweep 

The next phase of this d e v e l o p n t  will incorporate a second c i r c l e  in the 
display t o  repreaent ' the inner surface of the tube. Means t o  perform this 
function have been implemented and breadboard c i rcu i t ry  is ready for t e s t .  

Aurdanrental Ultrasonic Studies 

Shear-wave attenuation measurements using obliquely incident longitudinal 
waves are continuing. Although t h i s  method circumvents cer ta in  experi- 
mental problems, other d i f f i cu l t i e s  have been encountered which require 
-her evaluation. For these measurements it i s  essent ia l  t o  provide test 
samples which have opposite surfaces f l a t  t o  within 50 pin/-. for  these 
tests. 
prepared test samples. 

5 s  re-t necessitated the relapping of all the previously 

Although the obliqye angle method does not require a correction for 
inser t ion losses, the ef fec t  of beem divergence must be considered. A 
method for beam divergence correction has been developed. 
canpsres a tes t  sample of known attenuation and shear wave velocity t o  
samples having lmown velocity but unlmown attenuation. 

This technique 

Two methods of fabricating test samples for diffract ion studies have 
been investigated. A dlff'usion bonding technique using aluminum samples 
was tried initially. It was hoped that two ident ical  samples could be 
prepared and rejoined by vacuum diffusion t o  remove the ultrasonic inter-  
face. However, i n i t i a l  attempts at this approach were not successrul. 

UNCLASSIFIED 
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As a second-approach a contract  was negotiated wi th  a pr iva te  vendor t o  
determine the  f e a s i b i l i t y  of f ab r i ca t ing  imperfections in g la s s  samples. 
The vendor has now developed a technique and supplied one sample having 
a planer d i sc  defect  of 0.15 inches diameter geanet r ica l ly  centered i n  a 
glass cube of about two inches i n  dimension. The exact process which the  
vendor used f o r  making these samples was not disclosed.  
appeared that the  f in i shed  specimen was made by re jo in ing  two p a r t s  a f t e r  
the  defect  had been fabricated i n  one of the pa r t s .  The in t e r f ace  appeared 
t o  be o p t i c a l l y  t ransparent  and a check with ultrasound showed that it 
was s u f f i c i e n t l y  t ransparent  f o r  use as a test specimen. 
de fec t s  of d i f f e r e n t  s i z e s  and shapes are being ordered f o r  use i n  d i f -  
f r a c t i o n  s tudies .  

However, it 

Samples having 

Heat Transfer Testing 

Theoretical  study of the  parameters which govern s e n s i t i v i t i e s  of thermal 
pulse transducers has continued. 'he conditions of maximum s igna l  output 
of a the& bridge f o r  a given change i n  thermal d i f f i s i v i t y  have been 
calculated f o r  various transducer,  couplant, and sample combinations. 
For example, a bridge using rubber transducers with a 0.005 inch air  
couplant l aye r  Over an aluminum sample wou ld  give a maximum s igna l  a t  
f i v e  seconds after appl ica t ion  of the  heat  pulse.  Whereas, t he  same 
transducer sample combination with water as a couplant would give a 

. maximum signal output--10 mill iseconds after pulse  appl icat ion.  These 
ca lcu la t ions  indicated that an increase i n  couplant conductivity would 
decrease the  time delay of mixuum signa3 whereas an increase i n  transducer 
d i f f u s i v i t y  w i l l  increase t h i s  delay.  

Fatigue Detection 

Fatigue specimen preparat ion i s  proceeding on schedule. Acceptable tech- 
niques have been developed for  annealing, e lec t ropol i sh ing  and fa t igu ing  
t h e  aluminum, copper, and s t a i n l e s s  s t e e l  samples. In addi t ion t o  these 
mster ia l s ,  fiberglass p l a s t i c  has been ordered f o r  inclusion i n  the  for th-  
caning tests. 

It was determined ea r ly  in t h i s  program that precise  sample and transducer 
posi t ioning will be necessary f o r  fa t igue  de tec t ion  using both the eddy 
current  and u l t r a son ic  methods. For t h i s  purpose, a new mechanical and 
manipulating s y s t e m  i s  being fabr ica ted  f o r  t he  u l t rasonic  work. 
t h i s  system i s  v e r s a t i l e  and accurate,  the  t e s t  sample-to-transducer 
alignment procedure is  time consuming. To assist in  t h i s  function an 
alignment device cons is t ing  of mult iple  pulse-echo transducers has been 
developed. 
sample-to-transducer alignment can be rap id ly  and accurately ascer ta ined.  

Although 

By using echo s igna l  amplitude and phase re la t ionships  the  
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Preliminary measurements i nd lca t e  an accuracy of 
distance and f: 30 seconds angular r o t a t i o n  can be obtained by t h i s  method. 
These ta le rances  are an improvement of at l e a s t  a f ac to r  of two Over 
cormentianal mechsnical manipulators. 

O.O@5 inches v e r t i c a l  

fn conjunction with the alignment work, a technique w a s  developed for 
usdq a camnon pulser  f o r  all transducers.  
coupling, the frequency and signal amplitude of each transducer can be 
cant ro l led  independently. 
i s o l a t i o n  of received slgnal.s so that they caa be individual ly  analyzed. 
Thls feature may be of.A;lrther ass i s tance  in other  mult iple  transducer 
appl ica t ions .  

By using induct ive- res i s t ive  

A biased diode on each transducer a l s o  provides 

The eddy curren t  e l ec t ron ic  equipment has been modified t o  provide a m o r e  
flexible bridge balancing needed f o r  t he  wide range of conduct ivi t ies  of 
t he  present  f a t i g u e  test samples. 
by a factor of five t o  provide maximum s e n s i t i v i t y  f o r  f a t igue  detect ion.  
Also, the probe c o i l  desi@ was improved by using a l a r g e r  c o i l  fonn than 
w a s  employed for the original hydride t e s t  appl ica t ion .  
tiom made probe motion canpensation more canplete.  

The gain of the system was increased 

These modifica- 

With the above c i r c u i t  modifications incorporated, eddy current t e s t s  
were conducted on fatigued samples of A2l2-B  and 4340 carbon s t e e l ,  alumi- 
rmm, and copper. 
in the steel samples, even in areas where no v i s i b l e  cracks occurred. How- 
ever, reliable f a t igue  signals could not be obtained f r a n  the copper and 
aluminum samples. m h e r  improvements on the mechauical scanning f i x t u r e  
w i l l  be necessary before repeatable  f a t igue  signals m y  be obtained frcnn 
these higher conductive mater ia l s .  

Large signals were obtained from the fatigued regions 

Imaging Ultrasound 

Rev iaus  monthly r epor t s  have ca l l ed  a t t e n t i o n  t o  experiments in which 
an u l t r a son ic  beam was imaged by causing it t o  impinge upon a water surface.  
The pressure of the sonic beam, m o d i f i e d  by an object  in the beam, causes 
a deformation of t h e  water surface which is  a shadow image of the  object .  
The object can then be observed by r e f l e c t i n g  a coll imated beam of light 
off  the water surface and d e w -  t h e  r e f l ec t ed  beam with the aid of a 
ground glass screen. 
t o  better understand the  physics of this phenaaena. 
s h m  that t h e  surface displacement results from the undirect ional  rad ia t ion  
pres-e force  and the alternating pressure cmponent i s  in s ign i f i can t .  

Sane t h e o r e t i c a l  work has been car r ied  out in order 
In general, the r e s u l t s  

The ca lcu la t ions  ind ica te  that the  usefulness o t h i s  technique w i l l  be 
limited t o  u l t rasonic  i n t e n s i t i e s  exceeding lowf; watts/&. Also the  
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- 
reso lu t ion  w i l l  be degraded by a f ac to r  depending upon the  surface tension 
of the l iqu id .  
many appl ica t ions  where these  above r e s t r i c t i o n s  can be to l e ra t ed .  

However, the  s impl ic i ty  of t h i s  method recamends it f o r  

A s  a continuing e f f o r t  t o  explo i t  all possible  ultrasound imaging tech- 
niques, several  other methods have been evaluated t h i s  month. A second 
method requires  two in t e r f e r ing  u l t rasonic  beams a s  opposed t o  the s ing le  
beam used in the  experiment described above. The in te r fe rence  f r inges ,  
produced a t  t he  water surface by the  u l t r a son ic  beams, d i f f r a c t  the  c o l l i -  
mated l i g h t  beam. 
d i f f r a c t e d  l i g h t ,  an image object placed in  one of t he  u l t rasonic  beams 
i s  observed. 

If the  water surface is  viewed using only t h e  f i r s t  order 

Attempts were made t o  obtain strong d i f f r a c t i o n  by t ransmit t ing l i g h t  
through the  region within a media i n  which two u l t r a son ic  beams i n t e r f e r e .  
No d i f f r a c t i o n  was obtained a t  any angle of Fncidence ind ica t ing  that the  
average dens i ty  of t he  water along all possible  l i g h t  paths is  constant.  
Very strong d i f f r a c t i o n  e f f e c t s  were observed when one u l t rasonic  beam 
was traversed perpendicular t o  i t s  d i r ec t ion  of propagation by the  c o l l i -  
mated l i g h t  beam. This arrangement was used t o  observe 10, 20, 30, 50, 
60 and 100 megacycle u l t r a son ic  waves in water. These frequencies were 
generated by dr iv ing  10 and 20 Mc c r y s t a l s  at t h e i r  th i rd  and f i f t h  
hannonic frequencies.  

The great d i f fe rence  in wavelength between l i g h t  ( A  = 0.6~) and ultrasound 
i n  water ( A  - 1001~) has f r u s t r a t e d  e f f o r t s  at wavefront reconstruct ion.  A 
100 Mc ultrasound wave ( A  = lop) would be useful  if it were not so rapidly 
d iss ipa ted  i n  water. The power output ava i lab le  a t  t h i s  frequency f r a n  
the  equipment on hand did not permit any wavefront reconstruct ion experi- 
ment. 

The wavelength d i f fe rence  between the  ultrasound and imaging l i g h t  could 
be reduced by using infrared ( A  = lop)  f o r  viewing the water surface.  A 
recent ly  announced inf ra red  imaging device using l i q u i d  c r y s t a l  de tec tors  
may have appl ica t ion  t o  wavefront reconstruct ion and perhaps even t o  
d i r e c t  imaging of sound. These l i q u i d  c r y s t a l s  a re  sens i t i ve  t o  small 
changes i n  temperature and s t r e s s  and may have other proper t ies  which could 
be exploi ted t o  render ultrasound v i s i b l e .  

Vendors m e  being contacted t o  acquire an assortment of these substances 
and t o  gain famil iar i ty  with their proper t ies .  

The p o s s i b i l i t y  of using ultrasound t o  d i s t o r t  the  surface of a thermo- 
p l a s t i c  f i lm  has been considered on a t h e o r e t i c a l  basis. 
involved the  use of the  charge pa t t e rn  formed by an u l t r a son ica l ly  s t ressed 

The concept 
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101 piezoelectric crystal .  These surface dis tor t ions Ld be converted t o  

iz@ charge pattern of the crys ta l  must be converted t o  an undirectional 
farce on the thermoplastic film. A t  present, no means of successfully 
accaupliahin@ this conversion has been conceived. 

image by opt ical  means. To successfully apply t h i s  method the osci l la t -  

Tharmo-sensitive phosphors have been used elsewhere t o  image ultrasound. 
This method is described in the literature and appears t o  have excellent 
resolution but requires an ultrasonic intensi ty  in the range of 10-1 watts/ 
d. 
cermparing the resolution of other methods. 

The method is re la t ive ly  simple and inexpensive and may be useful in 

Tbs poss ib i l i ty  of m o d u l a t i n g  a dc energized electroluminescent phosphor 
with the f i e l d  produced by aa ultrasonically stressed piezoelectric c rys ta l  
has been proposed. This method has not been attempted as f a r  as is Imam.  
but the expectation i s  that it w i l l  lead t o  a usef'ul imaging device. 
ever, considerable refinement of the technique would be expected before 
t h e  sensitivity would approach the desired l i m i t .  

How- 

Quantum Physics Devices 

Possible methods and materials far the construction of piezoelectric 

is t o  create a depleticm layer having a width equal t o  half the wavelength 
of the desired ultrasonic frequency. 
h a . .  piezoelectric as w e l l  as semiconducting properties have been ordered. 
h i t i a l  attempts t o  produce the  depletion layer will be made using alloying 
sad diffusion techniques. 
be investigated as a rplechanism for producing n or p type semiconductors 
from these I I - I V  canpounds. 

semiconducting junction transducers are being investigater$. The objective 

A number of II-VI group canpounds 

The use of various fonns of radiation w i l l  a l s o  

Sane of the more c q  Eiezoelectric materials are also being considered 
for application in  the junction-transducer work. 
l i th ium -ate monohydrate are two camon ultrasonic transducer materials 
which ara possible candidates. 
find a method of mak.fnn these materials n or p type semiconductors while 
s t i l l  retaining t h e i r  piezoelectric properties. 

Barium t i t ana te  and 

V t u i o u s  dopants a r e  being considered t o  

Li thium sulfate mcmohydrate, although widelx used as an ultrasonic trans- 
ducer material, has received very l i t t l e  a t tent ion in the l i t e r a tu re  as 
t o  i t s  sol id  state crystal l ine properties other than piezoelectric constants 
and general l a t t i c e  structure.  Sane of these unreported properties will 
be necessary in t h i s  work and hence determination of the forbidden band 
gap width, general exciton structure and defect center propert%s w i l l  be 

a. , . T 7 V .  -.. .- undertaken. - ... - .* .  
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Nondestructive Testing of Isotope Heat Sources 

Steady state thermal wave theory shows that the e f f e c t s  of cladding 
thickness  may be eliminated when making nondestructive measurements of 
thermal proper t ies  of f inished isotope heat sources. 
derived frarn the  graphical  presentat ion of t he  l o c i  of the  heat equation 
solut ion.  'Ihis so lu t ion  was considered f o r  the case of per fec t  contact 
between core and outer  cladding. It also appears possible  t o  measure the 
t h e m  proper t ies  of the  cladding Mependent ly  of the  core. 
t o  measurement of the  thermal proper t ies  themselves, appl ica t ion  of these 
methods t o  determining the  i n t e g r i t y  of t he  f in i shed  heat source i s  being 
studied. 

This conclusion was 

In addi t ion 

Graphical presenta t ion  developed thus far is general  and can be used t o  
quickly determine the  thermal behavior fo r  any cladding-core ccmbination 
during a test. 
core proper t ies  was calculated by cauputing t h e  thermal behavior of an 
isotope heat source with a 0.1 inch Inconel container and a quartz core. 
The temperature of the outer surface,  r e s u l t i n g  fram a 1 cycle/5.9 minute 
heat  flow having an amplitude of only  1 w a t t / c m 2  was calculated.  A sur- 
face  temperature change of approximately 2.5% resu l ted  from a 10s change 
in core heat capaci ty  or conductivity.  

S e n s i t i v i t y  of the  thermal t e s t  methods t o  changes i n  

Analyt ical  so lu t ions  f o r  the  case of var iab le  constant res i s tance  between 
the  cladding and core have been cunpleted. An i n i t i a l  method f o r  graphi- 
c a l l y  represent ing these  so lu t ions  has been selected.  It i s  an t ic ipa ted  
t h a t  these  curves w i l l  suggest a method f o r  e l iminat ing contact conductance 
var ia t ions .  
conducted t o  obtain values needed f o r  the  graphical  representat ion. '  

Canputer evaluat ion of the  ana ly t i ca l  solut ions a r e  being 

BIOLOGY AIYI) MEDICINE - 06 PROGRAM 

Atmospheric Physics 

Two f i e l d  tests with elevated re leases  fran 365 f e e t  were conducted in 
September. This canpletes the y e a r ' s  t e s t s  planned t o  inves t iga te  the  
e f f e c t  of sawce  height i n  s t ab le  atmospheres. 
ful experiments were caupleted fran sources of 185 and 365 f e e t .  

Cauparison of t he  185-foot source data t o  previous 23-foot data show that, 
for t r a v e l  times beyond 20 minutes, both exposure curves asymptotically 

In t h i s  se r i e s ,  15 success- 

approach the mean curve f o r  ground-level sources. 
however, l a rge  d i f fe rences  i n  exposure a r e  noted. 

a. The t r a v e l  time t o  the peak ground exposure 
seconds l e s s  f o r  the  23-foot re lease ,  while 

For short  t r a v e l  times, 
In pa r t i cu la r ,  

was several  hundred 
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b. !The peak gruund exposure was one t o  two orders of magnitude 
greater. 

Over 7,400 raindrops cdllected at Sunnyside on Msrch 21, 1964, have been 
sized and the spectra analyzed. 
is in the form of space density (number of drops per volume of a i r  per 
d m t e r  interval) versus drop diameter. In this form, the space density 
for the 0.7 m/br rain shower shows a a a x m  a t  0.46 mm diameter, and an 
exponential decrease w i t h  increasing diameter. 

Conventional presentation of raia spectra 

In 1954, L. M. Levin, of Russia, showed that several empFrical equations 
far raindrop sizes we a p p r a t e d  by portions of a log-normal m e ,  and 
stated that such a distributicm might arise through randan canbinations of 
a m d l  drops. The idea of ca l l i s ion  of drops which are not greatly different  
in size is  not acceptable t o  most cloud physicists, however, since the 
coUision of two drops depends upon the difference in t h e i r  f a l l  velocit ies.  

Ple Sunngside spectrum I s  rather close t o  log-normel throughout the en t i re  
range of drop sizes, and corrections fo r  evaporation below-cloud could 
perfect the agreement. 
in the s m a l l  drop portion, and f e w  with such a small rainfall rate,  so that 
carpar ism t o  other locations is d i f f i c u l t . )  

gelkerfs spectra fran Indian rgips are a lso  f a i r l y  well represented by 
log-normal distributions,  and far the same r a in fa l l  rate, h is  spectrum is 
very close t o  the Sunnyside spectrum. 
agreement, if' not coincidental, implies that shower rains fran different  
climates arise through the same physical process, and this process may 
w e l l  be the col l is ion of drops of nearly the same s ize .  

(There-are no published spectra with such de ta i l  

!Chis is significant because such 

The concept of a drop f a l l i ng  w i t h i n  the entrained wake of another drop 
may.& used t o  explain the coLlision of drops of the same terminal veloci- 
t i e s .  
par t ic les  at W o r d  (HW-79382) might a lso  be used t o  explain the rapid 
developmxt of showers. 

Thus, the wake collection theory used t o  explain the scavenging of 

RBdiological Physics 

Another f i e l d ' t r i p  t o  Anaktuvuk Pass was canpleted. 
measure the peak body burden of the Eskimos before they started eating 
fresh caribou fran the i r  Fa l l  k i l l .  Caribou U e d  i n  the Fall have less  
Cs137 than Spring-killed caribou because they have been feeding on fresh 
plants ra ther  than on lichens. The body burdens were lmer than in  July 
because the Eskimos had been eating fresh caribou for several. weeks. 
average adult  b d y  burden was 1100 nCi canpared t o  1280 nCi measured in  
July. 

The purpose was t o  

The 
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A l a rge  p l a k i c  sh ie ld  was successful ly  t e s t e d  as an anticoincidence 
sh ie ld  f o r  t he  plutonium counter. 
t h e  whole bcdy counting cave e a r l y  an order f magnitude. The shield 

ing plutonium i n  people. 

The sh ie ld  reduces the background i n  

reduces the  background f r a n  go, Cs137 and Zn 8 5 a f ac to r  of 5 when count- 

R. A. Ja lbe r t ,  a Summer Professor fran the  University of Alaska, cmpleted 
his inves t iga t ion  of a ca l ib ra t ion  technique f o r  t he  shadow shield based 
Q I ~  Evans' one meter a r c  method. The technique is not a s  good as had been 
an t ic ipa ted .  However, the technique can be very useful  in appl ica t ions  
where k 15 t o  25 percent absolute ca l ib ra t ion  accuracy i s  acceptable. 
Ten chi ldren were counted on the regular shadow sh ie ld  and on the  one 
meter a r c  shadow sh ie ld .  
a r c  cowker averaged about 20 percent lower than measurements made on the 
regular counter. 

Cs137 body burdens determined by the one meter 

The helium ion separator  being developed by Professor L. W. Seagondollar 
was operated with beams of 4 MeV alpha p a r t i c l e s  and i n t e n s i t i e s  of 0.3 
microamps. 
ions. 
impossible t o  eliminate the hydrogen ions with the  separator  o r  beam analyz- 
ing  magnet. 
o r  allow far the  unwanted hydrogen beam. 
back t o  allow normal acce lera t ion  of protons and deuterons after '  being 
used most of the  summer f o r  t he  ion separator development. Many modifica- 
t i o n s  and techniques developed t h i s  pas t  summer have been incorporated i n t o  
the normaJ. operation of the machine. 

However, the  He* beam was contaminated with molecular hydrogen 
The e/m r a t i o s  for €€E? and He* ions a r e  the same which make it 

Other techniques are being invest igated which might eliminate 
The Van de G r a a f f  was converted 

The neutron generator and sane of t he  support equipment f o r  the  University 
of Washington spermatogenesis pro jec t  was moved t o  the  U of W laboratory.  
Shipment of t he  neutron shield has been delayed until i n s t a l l a t i o n  of a 
f i re  pro tec t ion  spr inkler  system is ccmpleted. Washington AM= requested 
Radiological Physics t o  review the X-ray dosimetry of t he  two groups doing 
spermatogenesis s tud ies  here in the  Northwest. No gross e r r o r s  were un- 
covered in  D r .  P a d s o n ' s  pro jec t  a t  the U of W laboratory.  
being done by Pac i f ic  Northwest Research Foundation has not been reviewed 
ye t .  

The pro jec t  

The operational c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  of the  addi t iona l  c i r -  
c u i t s  f o r  the  Nuclear Data Analyzer t o  allow determination of local energy 
deposi t ion have been invest igated.  The performance is  very sa t i s f ac to ry .  
The c i r c u i t s  can be used i n  any experiments where pulse height time averag- 
ing i s  required.  

The l i n e a r i t y  of the He3 neutron 
monoenergetic neutrons and found 

spectrcmeter counter was checked with 
t o  be very good. 
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A sampling-storage oscilloscope system was assembled and tested. 
system is capable of distingtlishing a repet i t ive signal which is buried 
in a backgraund of randan noise. 
in axparlmeats. 

The small  calorimater w a s  assembled and tested. 
far the copper jacket is better than had been expected. 
leak  in the calorimeter was e l u t e d .  
variation in the output of the themnopile between the two c e l l s  of the c a l -  
orimeter. 

This 

The system is now ready for application 

The temperature control 
A smaU air 

However, there rcrmajns an unexplained 

Instrumentation and System Studies 

Fabrication w a s  canpleted on the f i n d  prototype, pocket-size, s i w i n g  
doaaneter . 
Ian chamber sensor and sol id  state circui t ry ,  and it is adjusted t o  provide 
an audible signal fall- dose accuxmalation of about 50 mR. 
and f i e l d  tests are being conducted by Radiological Developnent and C a l i -  

The instrument includes an extensively-modif ied "pencil" 

Calibration 

brations, HL. 

Noise interference problems were eliminated on the dog counting snd scan- 
ning system developed for use in biological studies. A modified recorder 
control method is being incorporated t o  improve system operation. 

To aid in biological inhalation studies with canines, a n e w  s l iding valve 
was developed w h i c h  reduced the slid- f r i c t i o n  by SO$ Over the init ial  
valve. A n e w  actuation method was devised for use with the valve and 
the required canponents were ordered. go electronic instrumentation changes 
will be required. 

Ranising results are being achieved w i t h  the m o d i f i e d  canine masks used 
in smoke Inhalation stqdies at the Biology W a t i o n  Toxicology f a c i l i t y .  
Minor changes are being incorporated t o  permit easier  ellmlnation of the 
exhaled moke. 

A prototype logarithmic rkpause (1 &/hr t o  10 R/hr) sc in t i l l a t i on  radia- 
t i o n  m o n i t a r  is being adapted and modified for  use in determining dose 
rates at the Biology fish trough, located at 100-= Area. 
t i o n  w i l l  be used t o  measure the approximate dose ra tes  t o  the fish. 

me instrumenta- 

Fabrication was ccmpleted on three regulated power supplLes t o  be used 
with thermal precipi ta tors  a t  the Biology bha la t ion  Taxicology f ac i l i t y ,  
and the Biology radiological f i e l d  monitor and analyzer was canpleted 
except f o r  the incorporated N a I  (12) sc in t i l l a t i on  detector. 
design of the probe will be cunpleted after the requirements are established. 

The f inal  
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R a n i s i n g  results were achieved on the  f a s t  (1.2 nanosecond rise time) 
t r a n s i s t o r  c i r c u i t s  being developed f o r  use i n  a single e lec t ron  counting 
system. 
5O-ohm input and output impedances. 
criminator progressed more slowly with  only 50 Mc/sec operation possible 
t o  da te .  Ci rcu i t  work w i l l  be accelerated.  

Current gain of 10 was obtained f o r  four cascaded amplifiers with 
Development of the associated dis- 

Ekperiments were i n i t i a t e d  using the  pos i t ive  ion V a n  de G r a a f f  acce le ra tor  
t o  provide various energy neutrons on the  l i th ium-fo i l  covered surface 
b a r r i e r  diodes contained i n  8-inch and 10-inch diameter polyethlene 
moderators. 
range neutron energy dosimeter. 

The development work i s  d i rec ted  toward obtaining a wide 
Results obtained t o  date  a re  inconclusive. 

Testing approaches were outlined foY t h e  received blood pressure and 
r e sp i r a t ion  rate transducers,  which w i l l  be incorporated i n  the experimental 
animsl physiological  funct ion and dose telemetry system f o r  use i n  biologi- 
c a l  s tud ies .  I n i t i a l  r e s u l t s  appear pramising. 

Because of extensive noise associated with signal pulses,  a new approach 
was i n i t i a t e d  for  the  c i r c u i t r y  development f o r  t he  peak pulse dosimeter 
reader instrument, being developed f o r  use in dosimetry s tudies .  In the  
nev c i r c u i t ,  a capaci tor  is charged to .  the peak voltage of the  input pulse.  
The capaci tor  is then discharged i n  a l i n e a r  fashion with measurement made 
of the discharge time us- a crys ta l -cont ro l led  100 kc/sec . o sc i l l a to r .  
Pigger pulses generated at the  start and s top of the l i n e a r  discharge gate 
the  o s c i l l a t o r  i n t o  a sca l e r .  As adjusted,  a pulse height of 10 V r e s u l t s  
i n  1000 counts in the sca l e r .  Amplifiers a r e  used t o  amplify l i n e a r l y  the 
smaller pulses which may be on ly  0.01 V in magnitude. Logic c i r c u i t r y  
s e l e c t s  the proper t r i g g e r  pulses.  
sca le  a r e  being achieved in  laboratory t e s t s .  

Accuracies of b e t t e r  than 14 of full 

Development, f ab r i ca t ion ,  and laboratory t e s t i n g  were completed on a so l id  
state instrument, with recorder readout, t o  be used i n  a drinking water 
monitoring system. B e  instrument incorporates a s c i n t i l l a t i o n  probe t o  
de t ec t  and measure concentrations of beta-gamma emi t te rs  i n  the water.  
S e n s i t i v i t y  and ca l ib ra t ion  t e s t s  were i n i t i a t e d  by Radiological Develop- 
ment and Cal ibrat ions,  M. 

Four of the f i v e  remote data s t a t i o n s  of the  Atmospheric physics radio- 
telemeter- system have been i n s t a l l e d  i n  the  f i e l d  and ca l ibra ted .  The 
units are performing co r rec t ly .  In addi t ion,  improvements were incor- 
porated in  the c e n t r a l  s t a t ion ,  and the i n i t i a l  d r a f t  of the  data s t a t ion  
maintenance manual was completed. 

A portable,  battery-operated,  all so l id  s t a t e  s ingle  channel gamma spec- 
t r a n e t e r  was developed and t e s t ed .  It was used by Radiological Physics 

- -:@ 
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in dosimetry s tud ie s  with Alaskan Eskimos. The incorporated c i r c u i t r y  
includes a pulse amplif ier ,  single channel analyzer, count-rate-meter, 
a 5-decade scaler, and a high voltage supply. 
in Alaska was termed fully successful .  

Further c i r c u i t r y r e f i n e n e n t s  were incorporated in the  experimental pulse 
d i sc r lmlmtor  instrument t o  be used in dosimetry studies. 
was achieved in initial tests of the system for t he  de tec t ion  of low energy 
X- rays  fraa Ar-239 and Fe-55. 
t o  cause d i f f i c u l t i e s  w i t h  t he  multichannel analyzer.  

Operation of t he  instrument 

Limited success 

Noise in te r fe rence  problems are continuing 

A study of a meteorology data system w a s  canpleted and a rough draft repor t  
prepared. The repor t  sumarizes t h e  rout ine  and experinental  da t a  handling 
requirements at the Hanford weather s i t e .  
capaci ty  to handle both rautine and experimental data. 

A system was recamended with 

A-study o f  methods f o r  d i g i t i z i n g  wind canponent meter data for the  
Atmospheric physics Operation is being made. 
coordinate signals a r e  transformed t o  rectangular  coordinate signals at 
t h e  analog caaputer f a c i l i t y .  It is desired t o  d i g i t i z e  this analog rec- 
tangular data f o r  use at t h e  digital canputer f a c i l i t y .  
Department of t h e  University of Washington has indicated an i n t e r e s t  in 
making use of our f a c i l i t i e s  f o r  handling this type of data. 

Wind canponent meter spherical  

The Meteorology 

Isotopic  Analysis Program 

I so topic  analyses were provided on program samples during the  month Fn 
accordance with current schedules. The mass spectrolmeter f o r  this program 
has been put i n t o  routine serv ice  in i ts  ion-counting mode of operation. 
Processing of the d i g i t a l  data is g rea t ly  f a c i l i t a t e d  through the use of 
the new PDP-5 canputer. A gratifying canparison of the performance of 
this spec t rane ter  with t h e  instruments of ather major l abora to r i e s  has 
been made (see CUS- W C R K  - Wss Spectrametry). 

The new c e r m l c  vacuum-lock sample changer f o r  t he  mass spectraneter  was 
successfu l ly  operated on the ion-opt ical  t e s t  bench. Following minor 
modifications and adjustments testing of t h i s  device is being continued 
under conditions simulating rout ine  mass spectraneter  operation. Design 
of a new voltage d iv ider  f o r  this ion-source has been canpleted. 

UNCLASSIFIED 
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EXPERIMENTAL REACTOR PEESICS FACILITIES 

PCTR Operation 

Operation of the PCTR continued rcutinely during the month. 
no unscheduled shu*&ms. 
t i a l l y  an eipthermal neutron spectrum for the Biology Operation. 

There were 
Nine groups of rats were irradiated in  essen- 

Tw Operation 

Operation of the TlTR w a s  on an intermittent basis and there were no unsched- 
uled shutdowns. Four r o l l s  of dimes were irradiated for  the Public Rela- 
t ions Operation. 

CAF Operation 

The Cr i t ica l  Approach Faci l i ty  was not operated during the month. 

PRCF Operation 

EBWR-fueled experiments were ccmpleted on August 28, 1964. 
was recorded at 1 w a t t ,  35 watts, and 70 w a t t s  for additional kinetics 
data. 
Eu, Cu) fabricated t o  fue l  rod dimensions. 
were measured for worth data as a function of fuel  caaposition. 

Reactor noise 

Substitution measurements were performed for  various poisons ( H f ,  
Reactivit ies of four fuel  rods 

The EBWR fue l  rods were removed t o  storage. 
mantled and canponents moth-balled. 
experiments with 1/2" fuel rods a t  a l a t t i c e  spacing of 0.80", and a core 
height of 44". The shutdown and control mechanisms were instal led and the 
new core was set  up fo r  experiments with l.8$ Pu-A1 fue l  rods. Fuel load- 
ing began September 15, 1964, and the first c r i t i c a l  was achieved on Sept- 
ember 21, 1964. 
rod calibrations were in progress at month end. 

The core structure was dis- 
A new core structure was assembled for  

A power calibration of the flux monitors was performed, and 

C- FACILITIES 

The General Electr ic  412 d i g i t a l  control cmputer was delivered. 

The analog canputer u t i l i za t ion  w a s  as  follows: 
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Hours Up Time 
Hours Scheduled Down Time 
Hours Unscheduled D a m  Time 

Hours Total 

Problems considered during the month were: 

1. 19 Reactor. 
2. I Reactor Sizing Program. 
3 .  Meteorology W i n d  Turbulence. 
4 .  PRTR Controller Tests. 
5 .  Columbia River Flood R o u t i n g .  
6 .  Automatic Parameter Optimization. 

Reliminaq techniques and equipment configurations were developed fo r  
au tamt i c  parameter optimization with the analog camputer by using a feed- 
back servo-mechanism technique. 
gated which determines opt- parsmeter values faster than can be done 
by the randan techniques previously investigated. 
indicate that good results can be expected in  optimizing the parameters 
of a system i n  which the performance function is a quadratic form. 

A generalized approach i s  being investi-  

The preliminaq tests 

Ehrollment for the analog cunputer c lass  has indicated a strong in te res t  
in analog casputers by Hanford sc i en t i s t s  and engineers. Forty apglicants 
enrolled during the f irst  four days. Since present supplies and f a c i l i t i e s  
W i l l  accamncdate 1 5  members for  a 10-week class ,  arrangements were made t o  
conduct two, and possibly three, classes during the 1964-65 academic school 
year. 

Weather Forecasting and Meteorological Services 

Meteorological and climatological services included: 
data bearing 011 ccmfort indices in the 300 Area, 2) cooperation with 
Chemical Research Laboratory on the design of an 1-131 washout experiment, 
3 )  support t o  Environmental Studies and Evaluation on the processing of 
r iver  data, 4 )  cooperation with Chemical Research & Development i n  the 
conduct of two dispersion measurements of the Furex plume, and 5 )  canple- 
t i on  of plans t o  support CPD i n  the contracted aerial-dusting of Gable 
Mountain swamp. 

1 ) Meteorological 

UNCLASSIFIED 
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Weather Summary 

Type of Forecast Number Made $ R e l i a b i l i t y  

%Hour Production 90 
24-Hour General 60 
Special  126 

86.4 
88.1 
91 -3 

September marked the  continuation of a long cool and dry  period. 
the  seventh consecutive month with below-normal temperature and the 
seventh month in  the  pas t  nine w i t h  below-normal p rec ip i t a t ion .  

It was 

Mass Spectrcrmetry 

Isotopic  analyses were provided on 21 uranium samples in support of HAP0 
$33-production s tudies .  

A l i s t i n g  was received fraa the  National Bureau of Standards on the  
i so topic  analyses performed by the  nine l abora to r i e s  which par t ic ipa ted  
In analys is  of a plutonium sample f o r  use as a BBS i so topic  standard of 
plutonium. 
prec is ion  of any of t h e  other da t a  l i s t e d  and t he  NBS r e s u l t s  were used 
by the  loBs as the bas i s  for a provis ional  c e r t i f i c a t i o n  of t he  standard. 
Of  t he  other  e ight  cooperating l abora to r i e s  the  a n d y s e s  performed a t  Han- 
ford Laboratories had t h e  g rea t e s t  precis ion,  usual ly  by a s ign i f i can t  
margin, and agreed within confidence l i m i t s  with the NBS r e s u l t s .  
ford  measurements were made during the  f i rs t  operat ional  t e s t s  of the 
Isotopic  Analysis Program mass spec t raae te r  equipped wi th  the new secondary- 
e lec t ron  s c i n t i l l a t i o n  de tec to r  with single-ion pulse counting. 
r e s u l t s  are taken as evidence of t h e  s ign i f i can t  improvement i n  ana lys i s  
capab i l i t y  which can be obtained with the  new ion-detection system. It i s  
a l s o  s ign i f i can t  that the  Hanford analyses were the  only analyses, includ- 
ing those of t he  NBS, f o r  which no inferred correct ion f o r  mass r a t i o  
discr iminat ion had t o  be applied.  

The se lec ted  analyses produced by the  NBS had the  highest  

The Ran- 

These 

Instrumentation and System Studies 

A battery-operated 115 Vac power supply was designed f o r  use with a so l id  
s t a t e  multichannel analyzer.  I n  addi t ion,  a so l id  s t a t e  preamplifier 
was designed f o r  incorporation i n  an oscil loscope used with the system. 
The modified system will be used by Radiological Physics, HL, i n  Alaskan 
dosimetry s tudies .  

Engineering advice was rendered t o  Technical Publications,  
a proposed data handling system f o r  the t y p i s t s  and report  

HL, regarding 
ed i to r s .  

UIVCIASSIFIED 



UXLASSIFIE3l B-40 HW-84291 

Chassis and panel layout work was canpleted for  the assault mask monitor 
being developed far the Laundry Faci l i ty  a t  Hanford. Both the inner and 
outer Surface detector probes are canpleted and tested. Instal la t ion 
of the s o l l d  s t a t e  c i r cu i t s  and system tes t ing  remain t o  be canpleted. 

Design w a s  canpleted on an ac t o  dc paver supply t o  be used t o  replace 
the batteries in standard HAP0 GM portable radiation survey instruments. 
The work is  being done a t  the request of Radiological Development and 
Calibrations, HL, in em e f f o f i  t o  u t i l i ze ,  fo r  line-powered operation, a 
nunber of the instruments. 

Required laboratory testing was canpleted on the sc in t i l l a t i on  detection 
and solid state c i rcu i t ry  aerial gslrmra monitor, which was designed for 
use by Environmental Monitoring, HL. Field tes t ing was initiated. 

A sol id  state preamplifier w a s  designed and fabricated for use with a 
sc in t i l l a t i on  detection and multichannel analyzer system by Geochemical 
and Geophysical Research, HL. 

C i r c u i C  modifications and a new assembly were started on a dosemeter 
obtained fran E L ,  Chalk River, Canada. The work is  being done for 
Radiological Engineering, IPD. 

The spalog canputer program for a river routing problem which involves 
the fitting of three paremeters of a mathematical model t o  r iver  flow data 
was developed for optimizing the parameters manually. A MIDAS program 
was also developed t o  check the adequscy of . the analog program. 
t i o n  a FCFCFRAN program was developed for performing the rcutine calcula- 
t ions  necessary for converting r iver  flow data into the proper form for 
inclusion in to  the analog program. The next phase of the problem is t o  
autaaatically optimize parameters t o  obtain the best  f i t  t o  the r iver  flow 
data. Performance indication of the parameter f i t  i s  by Integral-squared- 
error  between measured and ccpnputed curves. 

In addi- 

Development work on remote displacement measurement of metal specimens 
in  a high temperature oven was started. Optical and other  necessary 
laboratory e q u i p n t  

Optics 

During the four-week 
work was performed: 

is being obtained for  the bench model. 

period covered by t h i s  report, the following shop 



1. 

2. 

3 .  
4. 
5 .  
6. 

7 .  
8. 
9 .  
10. 

Fixtures were fabr ica ted  f o r  an u l t rasonic  tank t o  be used 
for a study of fatigue e f f e c t s  i n  m e t a l  sheet.  
Fatigue specimens were lapped t o  a #8 surface f in i sh ,  f l a t  
snd p a r a l l e l .  
An underwater periscope a t  lO5-m was repaired.  
A radianeter  w a s  fabr icated f o r  NRI). 
Ultrasonic standards of quartz and aluminum were prepared. 
Mirrors were fabr ica ted  f o r  the crane periscopes a t  U 
Building. 
Canponents were fabricated f o r  a scanning eddy current probe 
An alumina furnace f w u r e  was modified. 
One ruby laser rod was s i lvered .  
114 stainless steel pieces were aluminized. 

Physical Testiw 

Inspection of the tube-to-tube sheet welds on three d isso lvers  being 
constructed f o r  -ex has begun with weld qua l i f ica t ion  coupons. Testing 
of the tubing and inspect ion of t he  welds sre t o  new specif icat ions,  with 
a goal  t o  increase the  average l i f e  of these d isso lvers  frm a few months 
t o  two or  three years.  

Sonic leak de tec t ion  methods were used successful ly  t o  loca te  an o r i f i ce ,  
of unknown origin,  i n  the  portable  water supply l i n e  t o  the 100 Area 
Central  Fire Sta t ion .  Removal of the o r i f i c e  solved the problem of 
r e s t r i c t e d  flow and eliminated the need t o  remove and replace the pipes 
buried i n  the  concrete f loo r .  

Fluorescent penetrant examination of over 13,000 end caps f o r  N Fuels 
detected three caps with cracks ccmpletely through the  w a l l  of t h e  cap. 
These cracks could have led t o  fuel f a i l u r e s ,  similar t o  that experienced 
with the f i r s t  N f u e l  failure. -Other caps were re jec ted  f o r  miscellaneous 
machining defec ts  a l s o  detected wi th  the penetrant inspection. 

An engineering inves t iga t ion  of an induction furnace i n  the 234-5 Build- 
ing revealed areas of deficiency i n  the machine which were corrected.  
temperature now a t t a inab le  is more than adequate, and su f f i c i en t ly  high 
t o  cause p l a t ing  of the graphi te  c ruc ib le  a t  2300°C. Other grades of 
graphi te  are being t e s t e d  t o  p r w i d e  a more su i tab le  crucible .  

The 

Engineering ass i s tance  is  being provided t o  measure the parameters of 
both the machine and the  material during the impact forging of f i ss ionable  
oxides f o r  ceramic f u e l  manufacture. Problems include the measurement of 
acce lera t ion  t o  2500 G I s ,  pressures t o  300,000 ps i ,  and temperatures t o  
12OO0C, all within a f r a c t i o n  of 8 second. Results are encouraging. 
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Caaisters, used t o  t ranspor t  irradiated N Reactor fue l ,  a r e  being inspected 
f o r  poor welds by f luorescent  penetrant .  
vea ls  those de fec t s  that will require  r e p a i r  before use. Included i n  the 
program are maneuverability tests on the  handles, or bails. 

‘Ibis inspection technique re- 

The export water line between 100-B Ares and the 1901 Building has been 
accura te ly  located and staked out.  
canplete an t he  l i n e ;  again no l eaks  have been found on the l i n e  i tself ,  
but sane l eaks  were located on lines attached t o  the  export system. 

Sonic leak detec t ion  survey is  nearly 

An u l t r a son ic  test, capable of resolving a crack one-half inch deep, 
has been appl ied on the  valve stems t o  determine the  condition of the  
stems in valves t o  the steam generators  a t  N Reactor. No indica t ions  
were detected which would ind ica te  any flaws canparable t o  the  notched 
standard. A service failure pranpted t h i s  inves t iga t ion .  

Routine tests, involving radiography, magnetic p a r t i c l e ,  dye penetrant,  
eddy current ,  f i s s i o n  fragment t racks ,  u l t rasonic ,  and metallographic 
examination were appl ied during the month on numerous p lan t  problems. ’ 

Acceptance t e s t s  were canpleted s a t i s f a c t o r i l y  on all 100 acquired CP-type 
portable  exposure r a t e  measuring instruments, and 10 of 25 purchased Juno 
portable  r ad fa t ion  survey instruments were tested and accepted. 

A l l  mercury b a t t e r i e s  have been remcwed fran standard HAP0 GM portable 
instruments following inves t iga t ion  i n t o  leakage and corrosion problems. 
R e g u l a r  b a t t e r i e s  are being used i n  all u n i t s  u n t i l  an adequate supply 
of zinc-alkal ine b a t t e r i e s  can be obtained. 

Using a 0.01-inch th i ck  terphenyl in polyvinyltoluene de tec tor  and with 
400 Vdc appl ied t o  the mul t ip l i e r  photobe, a ca l ib ra t ion  of 0-4000 R / h r  
was achieved an a modified HAP0 single-range s c i n t i l l a t i o n  a rea  rad ia t ion  
monitor. 
-14% c a l i b r a t i o n  shif t .  

Exposure t o  a 4000 R / h r  r a t e  f o r  one hour produced a temporary 

Operation of a 40 l i t e r  ion iza t ion  chamber instrument used for measuring 
extremely law’exposure r a t e s  w a s  described in  a talk t o  Environmental 
Monitoring personnel. 672 ec 

Manager 
PHYSICS AND INSTRUMENTS LABORATORY 

R S  Paul:mcs 

1 2 2 9 b 8  i UNCLASSIFIED 



c- 1 

CHEMICAL LABORATORY 

RESEARCH AND ENGINEERING 

IRRADIATION PROCESSES 

Elec t ropla t ing  of Nickel on Uranium 

Anode current  e f f i c i enc ie s  were measured f o r  t he  following n icke l  
p l a t ing  so lu t ions ,  all a t  pH 3.3 and 60 C: 
sulfamate bath;  a n icke l  sulfamate bath containing 0.3 bromide; and 
a n icke l  sulfamate bath containing 0.22 2 chloride.  The presence of 
t h e  ha l ide  proved necessary f o r  a sa t i s f ac to ry  anode current e f f ic iency  
(A.C.E.) ,  t h e  hal ide-free bath giving an A.C.E. of only 50 percent.  
This compares with t h e  A.C.E. of 100 measured for t h e  baths containing 
chlor ide and bromide. 

A halide-free n icke l  

SEPARATIONS PROCESSES 

U-233 SUPPOI% Studies  

Definition of Pa-233 scavenging conditions f o r  use during the  for th-  
coming "6-ton" plant  t e s t  was completed, subject  t o  hot-cel l  ver i f ica-  
t i o n  with short-cooled thorium disso lver  solut ion,  Most noteworthy 
observation during the  month w a s  t he  pronounced adverse e f f e c t  of 
aluminum on the  carrying capaci ty  of MnO f o r  protactinium. Because 

ac id  aluminum disso lu t ion  w i l l  be used in  t h e  plant .  
of t h i s  f inding,  caus t ic  dejacketing rat 2 e r  than mercury-catalyzed 

Other recommended changes i n  t he  proposed p lan t  procedure are delet ion 
of sugar deni t ra t ion  of excess feed ac id i ty  ( t o  eliminate thorium 
oxalate  p rec ip i t a t ion )  and backcycle of dissolved Mn02 t o  minimize the  
volume of protactinium-bearing so lu t ion  (which w i l l  be shipped t o  
Hanford Laboratories f o r  s torage t o  allow decay t o  i so top ica l ly  pure 
U-233. A t  month's end, a short-cooled thorium oxide t a r g e t  element 
had been dissolved i n  the B-Cell d i sso lver  t o  produce feed solut ion 
f o r  Mn02 r ad io lys i s  s tud ies ,  This so lu t ion  w i l l  permit s tud ies  at 
rad ia t ion  l e v e l s  up t o  six-fold g rea t e r  than those expected i n  t h e  
p l an t ,  and ~ l l  a l l o w  t h e  l i f e  of Mn02 scavenging p rec ip i t a t e s  t o  be 
determined as a function of rad ia t ion  l e v e l ,  Scouting laboratory work 
i s  a l s o  continuing on processes f o r  i so l a t ion  and pu r i f i ca t ion  of the  
U-233 which w i l l  r e s u l t  from Pa-233 decay. 

c 
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Thoria Processinq 

Mini-mixer-settler runs are i n  progress t e s t i n g  the  flowsheets proposed 
f o r  t h o r i a  processing i n  t h e  Purex plant  (HW-83350). 
completed simulating thorium recovery and decontamination i n  the  HA and 
1 C  columns. 
1.3 percent (flowsheet value i s  1 . 5  percent) .  
uranium and f i s s i o n  product content of the recovered thorium are not 
ye t  avai lable .  A method f o r  determining uranium a t  low concentrations 
(% 10 ppm) i n  thorium w a s  developed and analyses a r e  underway. 

A run has  been 

Average steady state thorium loss  t o  the  HA r a f f i n a t e  w a s  
Analytical  data on 

Thorium Oxide Dissolution Studies 

Studies  on the d isso lu t ion  of thorium oxide prepared by the  sol-gel 
process have now been initiated. 
d isso lu t ion  rates f o r  Mallinckrodt sol-gel t h o r i a  i n  a dissolvent  
i n i t i a l l y  12.3 M €iN03-0.01 1 HF-0.1 3 Al(NO3)3 with no ag i t a t ion  other  
than t h a t  provized by the  boi l ing  so lu t ion  were 0.01-0.015 g/cm2/&n 
based on t h e  macro surface area of t h e  t h o r i a  bed. These measurements 
were made i n  a vesse l  four inches i n  diameter and wi th  a bed depth of 
three t o  s ix  inches. Based on these rates, 25 - 37 hours would be 
required t o  dissolve one ton  of thorium i n  a p o t  d i sso lver  e ight  f ee t  
i n  diameter. 

In a series of laboratory experiments, 

The disso lu t ion  rate obtained f o r  a sample of -6 +8 mesh arc  fused 
t h o r i a  w a s  s i g n i f i c a n t l y  lower than tha t  obtained f o r  a sample of 
Mallinckrodt sol-gel t h o r i a  of t h e  same p a r t i c l e  s i z e  range and i n  the  
same diseolvent. The narrow s i z e  range w a s  chosen t o  show differences 
i n  p a r t i c l e  penetrat ion rate f o r  t h e  two oxides. 

Plant s tud ie s  were also performed i n  a 1:20 sca le  annular d i sso lver  
simulator. Highlights of an i n i t i a l  run wi th  a 150-pound charge of 
aluminum-clad Mallinckrodt Chemical Company prepared t h o r i a  and 13 
HNO -0.025 fluoride-0.1 aluminum as t he  d isso lu t ion  agent a r e  as 
f o l 3 m  : 

1. Caust ic-ni t ra te  coating removal proceeds vi thout  d i f f i c u l t y  but 
b u r i a l  of t h i ck  aluminum end caps i n  t h e  t h o r i a  bed prevents complete 
aluminum dissolut ion.  

2. During jet  out of the coat ing w a s t e  and subsequent d i sso lver  r in ses ,  
low drainage rates through the  t h o r i a  bed r e s u l t  i n  slow and in- 
complete removal of coat ing w a s t e ,  Thoria losses  t o  t h e  coating 
w a s t e  were on the order of 3 percent ;  however, t h e  percentage would 
be expected t o  decrease i n  l a r g e  systems. 
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3. Observed t h o r i a  dissolut ion rates ind ica te  t h a t  ex i s t ing  plant  
dissolvers  may be l imi ted  t o  l e s s  than 1 ton  thorium per  day per  
dissolver  

Studies  are continuing t o  def ine  d isso lver  operating conditions- and 
possible  modifications f o r  minimizing the  t i m e  cycle ,  

Polonium Chemistry 

I n  preliminary experiments, polonium-210 w a s  found t o  d i s t i l l  read i ly  
from 0.25 molar n i t r i c  acid solut ions containing bismuth and diphenyl- 
carbazone or diphenylcarbazide, 
good, it is  believed t h a t  a t  l e a s t  95 percent of t he  polonium d i s t i l l e d  
i n  t h e  f i r s t  f i v e  mil l i l i ters  d i s t i l l e d  from 25 m i l l i l i t e r  samples. 
The bismuth concentration may be l imi t ed  t o  0,25 molar t o  prevent 
p rec ip i t a t ion  of bismuthyl n i t r a t e  and t h e  ac id i ty  from O,25 t o  O,5 
molar n i t r i c  acid,  The lower l i m i t  is imposed by prec ip i ta t ion  of 
hydrolyzed species  and t h e  upper by the  adverse e f f ec t  of increased 
ac id i ty  on t h e  d i s t i l l a t i o n ,  

Although mater ia l  balances were not 

Cerium-Rare Earth P a r t i t i o n  

Work i n  support of Semiworks use of t h e  s i l v e r  persulfate-D2EHPA process 
w a s  reported last month. 
of a high-purity hydrocarbon d i luent  instead of s o l t r o l ,  
problem has now been revealed, t h e  high apparent plant  losses  of r a r e  
ear ths .  This phenomenon w a s  invest igated and found to be due t o  precipi-  
t a t i o n  of rare ea r th  s u l f a t e s  by excess sulfate ion which r e s u l t s  from 
decomposition of persu l fa te .  
p rec ip i ta t ion  by addi t ion of s u i t a b l e  complexing agents and pH control ,  
HEDTA and c i t r i c  ac id  were both e f f ec t ive  i n  preventing t h e  prec ip i ta t ion  
while s t i l l  allowing e f f i c i e n t  D2EKPA ext rac t ion  of Ce(IV), 
DTPA are not recommended due t o  poor cerium extract ion,  

This l e d  t o  recommendation and successful use 
Another 

It w a s  found possible  t o  prevent t h i s  

EDTA and 

Sodium Formaldehyde Sulfoxalate  as Plutonium Par t i t i on ing  Agent 

It was previously reported t h a t  sodium formaldehyde su l foxa la te  (SFS) 
solutions are corrosive t o  304-L stainless s t e e l  under some conditions 
proposed f o r  use of t h i s  reagent as plutonium reductant i n  the  Purex 
plant .  Further s tud ies  show the  product obtained when SFS is used 
as a reducing agent (an addition complex of formaldehyde and sulfurous 
ac id)  is  a l s o  corrosive t o  304-L under comparable conditions. Current 
laboratory emphasis i s  on possible  preparation of U(IV) by SFS, 
destruct ion of the  SFS react ion products and subsequent use of t h e  
U(IV) as plutonium reducing agent,  
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S t a b i l i t y  of Trilaurslamine Solvents 

As y e t  un ident i f ied  white so l id s  were prec ip i ta ted  from 0.3 fl T U -  
S o l t r o l  170 o r  -dodecane solvents  during continuous contact wi th  
e i t h e r  simulated Purex 1WW o r  b! HIJO 
while subjected t o  6 x 105 r/hr CO-63 radiat ion.  
capaci ty  and amine t i t e r  of the r e s idua l  solvent was s ign i f i can t ly  
reduced as compared t o  the  o r i g i n a l  solvent.  White so l id s  were a lso  
prec ip i t a t ed  from 0.3 ETLA-Soltrol 170 contacted with simulated 1WW 
f o r  one week at 29 C with no rad ia t ion  exposure. 

f o r  50-60 hours a t  40-50 C ,  
Fleptunium extract ion 

Corrosion of 304-L and HMO-20 Ruring Thoria Processinq 

Determination of corrosion rates f o r  304-L s t a i n l e s s  s t e e l  and WO-20 
alloy under t h o r i a  d i sso lu t ion  and feed preparation conditions w a s  
continued. Tests w e r e  made under hea t  t r a n s f e r  conditions and at 
boi l ing  ta rpera tures .  The most severely corrosive environments t o  
these alloys occur during the  feed boildown s tep .  Chemical destruct.ion 
of t h e  n i t r i c  ac id  i n  t h e  d isso lver  so lu t ion  p r io r  t o  t h e  boildown s t e p  
would reduce corrosion i n  t h e  dissolvers .  Galvanic currents  observed 
with 30b=L t o  W 0 = 2 0  couples i n  so lu t ions  simulating t h o r i a  d i sso lu t ion  
and feed boildown were ins ign i f i can t ;  coupling of these  two a l loys  i n  
a d isso lver  should introduce no galvanic corrosion problems. 

Disposal t o  Ground 

A f luoresce in  dye w a s  added t o  the  i n l e t  of the  Gable Mountain Swamp, 
and its progress w a s  followed by aerial photography t o  determine the 
unifornkity of i n f i l t r a t i o n  over the  bottom area.  
pa t te rns  ind ica ted  r e l a t i v e l y  uniform d i s t r ibu t ion  and i n f i l t r a t i o n  
of t he  water. The test served as a basis f o r  t h e  recommendation t o  
spread bentoni te  c lay uniformly on t h e  swamp t o  decrease t h e  i n f i l t r a -  
t i o n  rate (raise t he  water l e v e l )  and thereby increase t h e  inundation 
of near-shoreline mud contamination. 

Resulting dye 

The minimum t r a v e l  t i m e  f o r  water t o  move from the  130147 Crib t o  t h e  
Columbia R i v e r .  w a s  estimated, p r i o r  t o  c r i b  use, tu be about 96 days 
based on information from a comparable study using radioiodine t r a c e r  
a t  100-H Area. I n i t i a l  evaluat ion,  based on recent sampling of w e l l s  
down-gradient of t h e  in-use 1301-N Crib, ind ica tes  an ac tua l  t r a v e l  
time o f  100-150 days. Additional information w i l l  be col lected and 
evaluated t o  define more accurately the  l o c a l  flow system. 
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WASTE MANAGEMENT AND FISSION PRODUCT RECOVERY 

Zeolite-Cation Se lec t iv i ty  Studies  

An examination i n t o  t h e  bas ic  causes of cat ion s e l e c t i v i t y  i n  zeo l i t e s  
w a a  continued. As reported e a r l i e r ,  there  is an inverse re la t ionship  
between t h e  zeo l i t e  s i l i c a  t o  alumina r a t i o  and strontium s e l e c t i v i t y  
i n  the presence of sodium. 
s e l e c t i v i t y  i n  t h e  presence of sodium and s i l i c a  t o  alumina r a t i o  i s  
a d i r e c t  one. 
c r y s t a l  s t ruc tu re  as w e l l  as s i l i c a  t o  alumina r a t i o ,  an e f f o r t  w a s  made 
t o  obtain zeo l i t e s  w i t h  var iab le  s i l i c a  t o  alumina r a t i o s  within a 
given c r y s t a l  s t ruc tu re ,  The zeo l i t e s  Type X (13x1 and Type A ( 4 A )  were 
found t o  have such var iab le  r a t i o s .  
s i l i c a  t o  alumina r a t i o  and Type Y with a 4,6 s i l i c a  t o  alumina r a t i o  
were obtained from t h e  Linde Company, 
a f a u j a s i t e  c r y s t a l  s t ruc ture .  The Type X gave a thermodynamic equi l i -  
brium constant a t  25 C of 0.355 f o r  cesium removal from a cesium-sodium 
system and 19.9 f o r  strontium removal from a strontium-sodium system. 
Higher s i l i c a  Type Y ,  on the  other  hsnd, gave constants of 6,46 and 21.9 
for cesium and strontium removal, respect ively,  from cesium-sodium and 
strontium-sodium systems. 
f o r  cesium removal w a s  expected a t  the higher s i l i c a  t o  alumina r a t i o  
of z e o l i t e  Type Y. 
t h a t  t he re  are three types of cat ion s i t e s  on the  synthe t ic  f a u j a s i t e  
c r y s t a l  s t ruc tu re ,  and t h a t  cat ion s i t e  depopulation occurs mostly by 
removal of the sodium-selective s i t e s ,  Work i s  underway on a s i m i l a r  
study of a s i l i ca - r i ch  Type A z e o l i t e  sample, 

The re la t ionship  between zeo l i t e  cesium 

Since the  above re la t ionships  included t h e  var iab le  of 

Samples of Type X w i t h  a 2,4 

Both Type X and Y zeo l i tes  have 

The increase i n  the  equilfbrium constant 

The unchanged strontium removal constant ind ica tes  

Cesium Removal from Purex Alkaline Waste 

The presence of TBP-Soltrol i n  synthe t ic  Purex supernatant waste w a s  
found t o  have l i t t l e  o r  no e f f e c t  i n  laboratory s tud ie s  of t h e  cesium 
exchange capacity o r  loading k ine t i c s  on Linde AW-500 zeol i te .  
Cs-137 spiked synthe t ic  w a s t e  sa tura ted  with 30 t o  70 volume percent TBP- 
S o l t r o l  w a s  passed through t h e  exchanger f o r  seven load-wash-elute- 
regenerate cycles. The r e s u l t s  obtained were compared with results 
from runs with t h e  same waste, but organic f r e e ,  on t h e  same exchanger, 
Variations i n  the  50 percent breakthrough point  were within experi- 
mental e r r o r  i n  nine of t h e  t e n  experimental runs,  The shapes of t h e  
breakthrough curves were generally similar, 
the  exchanger were about t h e  same i n  a l l  runs. 

A 

Cesium e lu t ion  rates from 

Technetium Chemistry 

Prec ip i ta t ion  o f  ammonium 
ized i n  t h e  i so l a t ion  and ?g&Jlj 

pertechnetate  ( NHqTc04) has been widely u t i l -  
pu r i f i ca t ion  o f  technetium; however, l i t e r a t u r e  
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data arG apparently not ava i l ab le  on the  s o l u b i l i t y  of t h e  material .  
The s o l u b i l i t y  of ammonium pertechnetate has accordingly been measured, 
as a function of temperature, using ultra-high pu r i ty  NH4TcO4 prepared 
by a series of f o u r  r e c r y s t a l l i z a t i o n s .  
are being extended t o  t he  o the r  alkali per techneta tes ,  some of which 
have apparently n o t  been previously prepared. 
re-distilled water ranged from 0.222 
S o l u b i l i t i e s  of KTcO4, RbTcO4, TlTcO and t e t r ap ropy l  ammonium 

(a t  23 C ) .  
.process application. The measurements a re  being extended and addi t iona l  
compounds prepared. 

Similar- s o l u b i l i t y  measurements 

S o l u b i l i t y  of NH4Tc01, i n  
at 0 C t o  1.04 2 at 50 C. 

per techneta te  were 0.110, O.OO!h and 0.0068 !4, respec t ive ly  
Low s o l u b i l i t y  of some of these compounds may have valuable 

In o the r  work, l abo ra to ry  a s s i s t ance  w a s  given t o  t he  p lan t  i n  defining 
conditions f o r  t h e  cur ren t  (second kilogram-scale) recovery demonstration. 
Msjor departures f r o m  t h e  f i r s t  campaign a re  (I) use of sugar denitra- 
t i o n ,  v ice  d i s t i l l a t i o n ,  f o r  removal of excess n i t r i c  ac id  from t h e  
large volume of STT eluate, and (2) i n s t a l l a t i o n  of an anion exchange 
column i n  t h e  Strontium Semiworks f o r  pu r i f i ca t ion  and concentration 
of the  recovered technetium. P o t e n t i a l  advantages of the .sugar denitra- 
t i o n  include g rea t ly  reduced corrosion and hence much less i ron  impurity 
than was present i n  t h e  product of the first run. Results from t h e  
f i e l d  ind ica t e  exce l len t  confirmatipn of laboratory den i t r a t ion  results. 
Operation has been extremely smooth and s t a b l e ,  e f f i c i ency  (moles of 
acid destroyed pe r  mole of sugar consumed) has been high (c&. 301, 
and recovered ac id  is s u i f a b l e  for re-use, saggesting tha t  fu tu re  
chemical cos t s  might be s i g n i f i c a n t l y  reduced-by a c i d  recycle. 

EQUIPMENT AllD MATERIALS 

New Dissolver f o r  KPRF 

A glass mockup of t h e  new Plutonium Reclamation F a c i l i t y  d i s so lve r  w a s  
constructed and u t i l i z e d  t o  demonstrate ope rab i l i t y  on simulated slag 
and cruc ib le  material. The nev design provides r ec i r cu la t ion  of t h e  
solids by means of thermal e f f e c t s  as w e l l  a s - t h e  air lift e f f e c t  
provided by purge gas. A d e l i b e r a t e  e f f o r t  was made t o  plug t h e  d is -  
solver with unagitated solids from f o u r  cans. The new d isso lver  
proved t o  be capable of providing by-pass flow around t h e  plug and of 
r e s to r ing  normal c i r cu la t ion  within a matter of minutes. F u r t h e r  
observation of t h e  "cold" solids during a c t u a l  d i sso lu t ion  w i t h  70 C, 
2 molar n i t r i c  ac id  indicated f a i r l y  rapid d i s so lu t ion  capabi l i ty .  



PROCESS CQNTROL DEVELOPMENT 

Purex Instrumentation 

Laboratory s tudies  have been made t o  evaluate the  app l i cab i l i t y  of 
recent ly  developed in- l ine plutonium monitors t o . t h e  detect ion of U-233. 
The results of these  s tud ie s  ind ica te  t h a t  both the  alpha s c i n t i l l a t i n g  
glass  and t h i n  sodium iodide c rys t a l .  f o r  X-ray detect ion can be used 
j u s t  as they a re  being used f o r  plutonium concentration measurements, 
The alpha detector  i s  approximately a f ac to r  of 10 l e s s  s ens i t i ve  i n  
grams pe r  l i t e r  because of the  reduced a c t i v i t y  of-8-233, making a 
detect ion l i m i t  o f  approximately 0.001 gm/l of U-233. 

The X-ray (17 kev) c e l l  w a s  i n s t a l l e d  a t  Purex plant  i n  t h e  L-8 sampler 
and has been working s a t i s f a c t o r i l y  s ince  i n s t a l l a t i o n ,  The monitor 
measures t h e  plutonium concentration of t h e  combined ion exchange 
w a s t e  streams from N c e l l  and has followed expected changes in concen- 
t r a t i o n s  caused by process operations.  

AC Column Faci l i tyl  

The 1CF t r i - s p l i t  uranium photometer was ca l ibra ted  with a series of 35 
organic-phase uranium solut ions.  The. so lu t ions  represented f i v e  leve ls  
of uranium concentrations ( 0  t o  80 gm U per l i ter . ) ,  f i v e  leve ls  of 
organic solvent color  and t e n  r e p l i c a t e  so lu t ions ,  The ca l ibra t ion  data 
is cur ren t ly  being processed t o  determine t h e  ca l ib ra t ion  equation f o r  
t h e  instrument. 
w a s  i n s t a l l e d  i n  the  1CF feed l i n e  of t he  experimental pulse column 
f a c i l i t y .  

Following t h e  ca l ib ra t ion  procedure, t h e  instrument 
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LOPMENT - Ob PROGRAM, 

PLUTONIUM RECYCLE PROGRAM 

S a l t  Cycle Process EngineerinR Development 

Agproxfmately 15 pounds of mixed oxide were removed by vibratory 
&cladding from f i v e  4 ft. x 1 /2  in. diameter Zircaloy-clad, cold- 
swaged ha l f  rods i r r a d i a t e d  t o  5000 Mwd/ton in t h e  Plutonium Recycle 
Test Reactor. No evidence of cladding b r i t t l e n e s s  o r  radioact ive 
powder release t o  t h e  c e l l  atmosphere w a s  found. 

RADIOAePIVE RESIDUE PROCESSING DEVELOPMENT 

Calcine Melter 

The chemicals required t o  form "glasses" from high l e v e l  wastes can 
be added t o  t h e  w a s t e  py e i ther  blending i n  the-waste  l i q u i d  feed t o  
t h e  spray ca l c ine r ,  or by separa te  addi t ion (simultaneously w i t h  t he  
waste) t o  t h e  melter. 
qu i t e  successful  when colemanite is used as t h e  "glass" former. 
work is now undenrey t o  evaluate  a separate  stream addi t ion technique. 

To da te ,  t he  blended feed technique has been 
Limited 

Two runs using a d r y ,  powdered g l a s s  frit as .one  feed stream and spray 
calcined powder as t h e  other  have been made. Approximately 1.9 pounds 
of glass frit were fed per  pound of spray calcined Purex w a s t e  at  an 
operating rate equivalent t o  1.4 tons of uranium per day. The runs 
were successful  except f o r  some foaming in the  melter and same porosi ty  
i n  t h e  glass product. 

Coupled Spray Calcine Melter 

A 40-hour continuous run w a s  completed using simulated sulfate-free 
Purex waate which also contained mercury and colemanite. 
of a draft tube within t h e  ca l c ine r ,  t he re  w a s  no w a l l  deposit ion 
problem. 
mercury causing a problem i n  the  system. 
excessive corrosion of the 310 s t a i n l e s s  steel  melter became evident 
after t h e  production of  87 pounds of glass .  
stainless steel melter w i t h  a platinum un i t  is planned. 

In t h e  absence 

F i l t e r  operation vas good and the re  was no evidence of 
The run w a s  terminated when 

Replacement of t he  310 

Spray Calciner 

A reduction in t h e  quant i ty  of borax addi t ive t o  wastes was studied t o  
determine its 
quant i ty  from 
ca lc iner  w a l l  

e f f e c t  on the  ope rab i l i t y  of the ca lc iner .  
500 t o  l e s s  than 100 grams per  l i t e r  eliminated any 
deposit  problem. The r e su l t i ng  powder melted n e a r  900 C. 

Reducing the 
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Glass Forking Processes 

The system calcined Purex 1 W W  - sodium oxide - s i l i c a  i s  being s tudied 
f o r  po ten t i a l ly  usefu l  g lasses  i n  the  spray calciner-continuous melter 
development program. Promising glasses  containing grea te r  than 30 
weight percent calcined 1 W W  were produced but fusion points  f o r  these 
mixtures were all higher than 900 C.  

Laboratory-scale s tud ies  were performed simulating continuous concen- 
t r a t i o n  of phosphate-containing Purex 1 W W  w a t t  ( f i r s t  s t ep  i n  t h e  BNL 
phosphate g lass  process) .  
concentrations i n  t h e  evaporator bottoms decreased from 4 l t o  0.8 
as t h e  bo i l ing  point increased from 135 C t o  180 C when the  mol r a t i o  of 
phosphorous t o  t o t a l  m e t a l  ion equivalents i n  t h e  feed w a s  0,g. 
t h i s  mol r a t i o  w a s  1.15, steady-state n i t r a t e  concentrations were 
s l i g h t l y  lower. Viscosity,  bo i l ing  point and densi ty  measurements were 
m a d e  on t h e  evaporator bottoms. 

Corrosion rates f o r  HAPO-24 a l loy  (similar t o  WO-20 but w i t h  cobalt  
subs t i t u t ed  f o r  ha l f  of t h e  n icke l )  and Uranus 5 a l loy  i n  a calcined 
Purex 1 W W  ( s u l f a t e  free)-borax melt a t  900 C were 25 and grea te r  than 
100 mils/mo, respect ively.  

Under steady-state conditions n i t r a t e  

When 

Continuous Phosphate Glass Experiment 

The first hot c e l l  tes t  of the  Brookhaven continuous phosphate g lass  
process w a s  performed la te  i n  the  month i n  A-Cell of t h e  High Level 
Radiochemistry F a c i l i t y ,  Although ana ly t i ca l  results are not ye t  
ava i lab le ,  t he  run was operat ional ly  successful  and rad io logica l ly  
uneventful. R u n  duration was about 30 hours. 

Start-up of t h e  runs w a s  with a cold synthe t ic  feed. 
state operation w a s  es tab l i shed ,  t h i s  w a s  switched t o  fu l l - l eve l  Purex 
1 W W  ( t o  which a 10  mole percent excess of H3POb had been added) and 
operation continued u n t i l  t he  feed was exhausted. 
n i t r i c  acid and s u l f u r i c  ac id  condensate streams and of t he  off-gas 
were taken per iodica l ly  fo r  analysis  t o  determine t h e  extent t o  which 
f i s s i o n  products a re  v o l a t i l i z e d  and t h e i r  d i s t r ibu t ion  among the  
various secondary streams. (Because the  temperature of t h e  melter,  
1200-1400 C ,  i s  subs t an t i a l ly  higher than i n  previous spray and pot 
calcinat ion and t h e  chemical environment i s  a lso  d i f f e ren t ,  it i s  
conceivable t h a t  f i s s i o n  product behavior may be subs t an t i a l ly  differ-  
ent from i n  e a r l i e r  p i l o t  plant  ca lc ina t ion  s t u d i e s , )  The pot of 
s o l i d i f i e d  g lass  i s  being sectioned f o r  "metallographic" examination 
and f o r  t h e  c u t t i n g  of geometric samples for s t a b i l i t y  and leaching 

When steady- 

Samples of t h e  

experiments, Further "hot 'I runs axe planned. 
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- 
Supporting laboratory phosphate glass composition s tudies  continued. 
Highlights of t he  month's laboratory work included (1) indicat ion t h a t  
c e r t a i n  phosphate glasses are suscept ible  t o  marked de ter iora t ion  i n  
leach res i s tance  when annealed, and ( 2 )  -her indicat ion of t he  
c r i t i c a l  importance of t he  metal oxide t o  phosphate r a t io .  
these s tud ie s ,  and of t h e  hot g lass  experiment, w i l l  be included i n  
the Julgseptember Waste Fixation Quarter ly  Report. 

Details of 

Intexmediate Level Waste Treatment 

A three-cell e lectrodeionizat ion uni t  was continuonsly operated w i t h  a 
synthe t ic  feed for a 2 5 - d ~  period, a t  a membrane current density of 
10 ma/cm2 and a f l o v  rate of 0.5 column volume per minute through t h e  
resin f i l l ed  compartments. Feed t o  t he  d i lu t ion  and concentration 
compcuctments w a s  10.3 and 10-1 M BaNO , respect ively.  
f ac to r s  of 20-27 were obtained For thd  first 10 days of operation and 
decreased t o  2 after 25 days. Chemical degradation of t h e  r e s i n s  
accounts for t h e  poor decontamination fac tors .  The permselective 
membranes, although bowed s l i g h t l y ,  appeared t o  be i n  good physical 
condition. 

Decontamination 

The same electrodeionizing un i t  is current ly  i n  operation, using Purex 
Tank Farm condensate as feed (pH, 10; 10.3 5 NHh+). After s i x  days' 
operation equivalent t o  2500 column volumes through t h e  r e s in  f i l l e d  
d i lu t ion  chamber, ruthenium and cesium decontamination fac tors  a re  
approximately 50 and 400, respect ively.  

The results of bac te r i a  counts on Purex Tank Farm condensate samples 
from t h e  417 tank after hypochlorite treatment show t h a t  b a c t e r i a l  
a c t i v i t y  has been subs t an t i a l ly  reduced. Hypochlorite was added t o  
t h e  417 tank on four  successive days a t  concentrations t o  give about 
2 ppm free chlor ine i n  t h e  condensate. 
four-day waiting period following t h e  treatment. Only t h e  one sample 
showed my b a c t e r i a l  a c t i v i t y  (500-1000 ce l l s /ml ) ;  however, t h i s  may 
have been o w e d  by contautiqatioa s ince  succeeding sample counts were 
zero. 
hypochlorite treatment appears t o  be sa t i s f ac to ry  f o r  ion exchange 
work. 

Samples were taken after a 

The c l a r i t y  of t he  steam-stripped condensate following t h e  

DistributFon coe f f i c i en t s  (Kd) were determined for pyrolusi te ,  ac t iva ted  
carbon and Dica l i t e ,  using Purex A 4 0  acid condensate waste adjusted 
t o  pH values from 2 t o  12. All th ree  materials exhibited maximum Kd 
values throughout the pH range of 5 t o  9. 
capacity (Kd = 4040 ml/g at pH 4.9).  w h i l e  ac t iva ted  carbon had a 
lesser capacity (Kd ,= 1600 ml/g a t  pH 5.0) .  
was 40 ml/g at pH 5.0. 

Pyrolusi te  showed a high 

The Kd value f o r  Dica l i te  
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Columbia -River Studies  

Elec t rodia lys i s  of Columbia River bottom sediments from McNary reservoi r  
indicated t h a t  most of t he  CO-60, zn-65 and Mn- 4 could be removed from 
t h e  sediment as ca t ion ic  species ,  Only about one percent of the  Cr-51 
and Sc-46 could be removed even when the Cr-51 had only been associated 
with t h e  sediment f o r  t h r e e  days, 
Columbia River sediments t r i v a l e n t  chromium ions were sorbed very 
rapidly,  Hexavalent'chromium, however, required about 36 hours f o r  
98 percent sorpt ion,  
hydrogen peroxide t h e  reac t ion  w i t h  hexavalent chromium was only 60 
percent complete at 180 hours. It may be t h a t  uptake of hexavalent 
chromium by sediment proceeds through reduction t o  t r i v a l e n t  chromium 
by reducing cons t i tuents  of t h e  sediment, 

I n  a react ion rate study of Cr-51 w i t h  

I n  a sediment sample which had been oxidized with 

CONTAIMMENT SYSTEMS EXPERIMENT 

Mador F a c i l i t i e s  and Equipment 

Detailed design of t h e  auxiliary equipment and piping f o r  t h e  Containment 
Systems Experiment i s  cur ren t ly  receiving t h e  major emphasis. F i r s t  
p r i o r i t y  i s  being placed on loca t ing  equipment i n  t h e  crane cab gallery 
p r i o r  t o  t h e  start  of i n s t a l l a t i o n  of t he  major vessels., 
is  s t i l l  expected t o  begin i n  October, 

I n s t a l l a t i o n  

The award of t he  contract  f o r  t h e  simulator is  being held up pending 
t h e  r ece ip t  of requested c l a r i fy ing  information from t h e  vendor, 
information t h a t  has been requested pr imari ly  i s  concerned with inspection 
detai ls  and procedures 

The 

Fiss ion Product Simulation 

A series of  tests w a s  made t o  evaluate  the  s u i t a b i l i t y  of various high 
temperature r e s i s t a n t  materials as a container f o r  molten UO2> Ten 
s t a i n l e s s  steel  c lad  uranium oxide specimens were heated i n  a i r  f o r  
periods up t o  20 minutes. I n  a l l  cases ,  t h e  combustion boats  were 
penetrated due t o  a combination of  combustion, melting and reac t ion  
with the molten m e t a l  and oxide. Boat materials t e s t e d  were zirconium 
oxide, zirconium s i l i c a t e ,  aluminum oxide, graphi te ,  z i rconia  coated 
graphi te ,  alumina coated graphi te  and alumina coated tantalum, 

Instrumentation Development 

Detai led instrumentation requirements have been determined, and an 
instrumentation scope repor t  i s  being assembled, The report  describes 
the  work t o  be done and proposed methods of approach, as w e l l  as t i m e  
scheduling and cost  estimates. 
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Latest h s t s  on t h e  gamma water depth monitor- f o r  t h e  reac tor  simulator 
i nd ica t e  t h a t  a +decade change i n  count rate occurs f o r  a 4 foot 
change i n  water depth. Spaced de tec tors  and gama sources will be 
necessary t o  monitor the whole 17 ft. depth of the reac tor  simulator.  

Pro tec t ive  Coatings. f o r  CSE Vessels 

Test ing of pro tec t ive  coatings.  f o r  t h e  Containment Systems Experiment 
vessels is 75 percent complete. Tests  under. d r y . w e l l  and w e t  well 
conditions are completed; tests under main vessel conditions are i n  
progress. Seven d i f f e r e n t  pro tec t ive  coating systems are  being 
evaluat ed . 
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S O L O G Y  AND B C I N  E - 06 PROGRAM 

TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geology 

Results from a study of t r a n s i e n t ,  l i n e a r ,  par t ia l ly-sa tura ted  flow 
show t h a t  t h e  general. p a r t i a l  d i f f e r e n t i a l  equation does a good Job of 
pred ic t ing  flow. 
r e s u l t s  can be explained and is  mainly caused by experimental problems. 
These results emphasize t h e  necessi ty  f o r  accurate measurements of t he  
soil parameters of permeabili ty,  cap i l l a ry  pressure,  sa tura t ion  and 
porosi ty  

The difference between calculated and experimental 

A n m r i c a l  in tegra t ion  scheme f o r  unequally-spaced points  w a s  programmed 
t o  in t eg ra t e  t h e  moisture content of s o i l  i n  polar  and spher ica l  co- 
ordinates.  This sub-routine w i l l  solve f o r  t h e  f l u i d  content i n  a 
wetting sphere o r  cyl inder  when used with t h e  extension of Ph i l l i p ' s  
Method t o  these  coordinate systems. An obvious appl icat ion i s  the  
ana lys i s  of t h e  flow system development from a leaking buried tank. 

Piezometer tube i n s t a l l a t i o n s ,  t o  permit measurement of piezometric 
heads, i n  w e l l  699-37-82B were unsat isfactory due t o  the  apparent 
col lapse of severa l  of the p l a s t i c  tubes.  A l s o ,  t h e  heads measured 
i n  t h a t  w e l l  were not i n  agreement w i t h  heads measured i n  an immediately 
adjacent w e l l  which has cement-separated (v i ce  sand-packed) tubes. 
Cleanout of t he  sand and tubes from well  37-82B w a s  accomplished t o  
a depth of 560 f e e t ,  and the perforated zones are being checked w i t h  
t h e  s t r add le  packer t o  assure cor rec t  per fora t ion  depth. The shape- 
charge per fora tor  w i l l  be used, i f  needed, p r i o r  t o  r e i n s t a l l a t i o n  of 
new tubes.  

. 

S o i l  Chemist- 

Laboratory experiments were i n i t i a t e d  i n  an e f f o r t  t o  determine anion- 
s o i l  re la t ionships .  S o i l  columns a re  used t o  determine the  r a t e  of' 
As-76, P-32 and Cr-51 movement r e l a t i v e  t o  flow r a t e ,  
measured d i r e c t l y  by e f f luent  volume and ind i r ec t ly  by ~ 1 - 3 6  break- 
through. 
breakthrough occurs at one pore volume, 

Flow r a t e s  a re  

I n i t i a l  cl-36 breakthrough s tudies  show t h a t  50 percent 

A study is  underway t o  separate  e f f e c t s  of self-diffusion,  flow r a t e  
and hydraulic dispers ion on the shape of the ~ 1 - 3 6  breakthrough curve, 
Diffusion coe f f i c i en t s  f o r  chlor ide i n  a Hanford s o i l  matri have been 
obtained. These values range from 1,OO x 10-6 t o  1 * 6  x 
at volumetric moisture contents of 0.27 and 0.30, respect ively.  

crn2seC1 
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Apparen%ly, Mackie’s d i f fus ion  coef f ic ien t  equation can be used as an 
approximation, This equation, 

De = D f2/2- f 

where De = d i f i u s i v i t y  i n  matrix 
f * f r a c t i o n a l  pore volume 
D = d i f f u s i v i t g  in bulk water,  

considers only geometrical t o r t u o s i t y  f ac to r s  and assumes no chemical 
or physical  in te rac t ion .  

RADIOLOGICAL AND HEALTH CKEMISTRY 

Bioassay Procedures 

The direct measurement of radionuclides i n  ur ine samples by newly developed 
multidimensional gamma-ray spectrometric techniques has proven t o  be  
an extremsly sens i t i ve  method for est imat ing.radionucl ide body burdens. 
The in te r fe rence  from na tu ra l  rad ioac t ive  potassium i s  eliminated f o r  
most radionuclides which decay by emission of two or more gannna-rays i n  
cascade. The method i s  far more sens i t i ve  than  present whole body 
counting methods for. the determination of body burdens of many radio- 
nuclides.  
i n  ashed u r ine  samples f r o m  Richland, Washington, res idents .  In addi t ion,  
the radionuclides Ba-22, Cs-134 and Cs-137 were measurable i n  ur ine 
samples taken both loca l ly  and from o the r  locat ions.  

CU-64, Na-24, AS-76, Sc-46, ~ n - 6 5  and eo-60 have been measured 

Radionuclides i n  Hair 

A monthly h a i r  sampling program w a s  i n i t i a t e d  for .12  m a l e  Alaskan Eskimos 
f o r  t h e  purpose of  co r re l a t ing  Cs-137 body burdens and h a i r  concentrations.  
The subjec ts  w i l l  be whole body counted over a period of time where 
t h e i r  Cs-137 body concentrations are changing by f ac to r s  of 2-3. These 
da ta  should provide valuable information a s - t o  the  use of hair  analysis  
as a method f o r  es t imat ing radioisotope concentrations i n  t h e  body. 
Sr-90 analyses vfll a lso  be made on t h e  hair  samples. 

The Determination of Tc-99 i n  Urine 

Tests were made on a bioassay procedure for Tc-99 i n  ur ine f o r  use by 
t h e  I n t e r n a l  Dosimetry Operation. This procedure was developed a t  
Argonne National Laboratory but had not been t e s t e d  on ur ine containing 
metabolized Tc-99, It vas found t h a t  metabolized Tc-99 d id  not carry 
i n  t h e  co-precipitation s t eps  us ing  a l k a l i n e  ear th  phosphate and cupric 
s u l f i d e ,  thus  implying t h a t  t h e  technetium is i n  a chemical form d i f f e ren t  
from t h a t  used i n  developing the  method. Further s tud ies  a re  planned 
t o  provide a sa t i s f ac to ry  procedure. 

L$;4 
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I n  j o i n t  s tud ies  w i t h  t h e  Radiological Development and Cal ibrat ions 
Unit, it w a s  determined t h a t  t h e  2 mev e lec t ron  V a n  de Graaff 
acce lera tor  could be converted by t h e  High Voltage Engineering Corp- 
ora t ion  i n t o  a high current pulsing unit., This machine could give 
pulses of O,3, 1 and 3 microseconds a t  currents  up t o  O,5 amps per 
pulse,  and could be pulsed from 1 t o  about 200 times per  second. If 
operated at  about 1 mev a one-microsecond pulse i s  estimated t o  give 
about 1000 rads per burst .  
t o o l  i n  s tud ies  of t he  chemical k ine t i c s  of rad ia t ion  react ions.  

Such an instrument could be a valuable 

ATMOSPHERIC RADIOACTIVLTY AND FALLOUT 

Aerosol SamlinR Study 

A computer program w a s  f i na l i zed  f o r  ca lcu la t ing  p a r t i c l e  s i z e  d i s t r i -  
butions from d a t a  obtained i n  seven p a r t i c l e  s i z e  increments, An 
i t e r a t i v e  technique i s  used t o  obtain a l e a s t  squares f i t  of a 
quadrat ic  o r  cubic equation, I n  most s i z e  d i s t r ibu t ions  examined 
using both t h e  cubic and quadratic f i t t e d  curves, no case could be 
made f o r  t h e  cubic over t h e  quadrat ic  insofar  as improved consistency 
i n  the  f i n d  subisokinet ic  sampling e r r o r  w a s  concerned, The r e s u l t s  
are in te rpre ted  t o  mean tha t  uncer ta in t ies  i n  es tab l i sh ing  t h e  t r u e  
s i z e  d i s t r ibu t ions  of p a r t i c l e s  on the  co l lec ted  f i l t e r s  are dominant 
i n  determining anisokinet ic  e r ro r s ,  

Aerosol Generation and Characterization 

Dye-traced monodisperse p a r t i c l e s  generated from col lo ida l  s i l i c a  using 
the  spinning d i s c  were found t o  have a density of 1.14 g/cm3. 
c l a s s i c a l ,  but tedious and time-consuming Millikan oil-drop experiment 
apparatus w a s  used. 
t h e o r e t i c a l  densi ty ,  but agreed reasonably w e l l  w i t h  t h e  1,24 g/cm3 
obtained with grav i ty  s e t t l i n g  i n  a hor izonta l  tube.  

The 

The dens i ty  obtained was much lower than t h e  

A l oca l ly  designed p a r a l l e l  p l a t e  charge spectrometer w a s  used t o  deter-  
mine t h e  charge of 5 p dye p a r t i c l e s  produced b3 the spinning d i sc ,  
The mobili ty spectrum showed a peak a t  -0,03 cm /sec v o l t ,  which 
corresponds t o  about 100 e lec t rons  per  p a r t i c l e ,  
f r ac t ion  had t h i s  negative charge, the  p l a t e  analysis  showed t h a t  
some were pos i t i ve ly  charged, 
the  sheath air  required f o r  t he  Spectrometer, 
be eliminated 

Although a l a rge  

These may be p a r t i c l e s  introduced i n  
This p o s s i b i l i t y  w i l l  
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I so topic  Composition of Promethium 

To resolve the  question of t he  promethium-146 content of t h e  promethium 
which vfll be produced i n  future power reac tor  fuels, analyses a re  being 
perfonntd on ssmgles of t y p i c a l  high-burnup fuels. Three U02 pel le ts  
from t he  VBWR have been dissolved i n  the Analytical  Hot Cells and t h e  
burnup checked by Cs-137 determination. Results were approximately 
5,000, 10,500 and 14,800 Mvd/t, very close t o  the  expected values. 
rare earths have been separated as a group f'rom each sample and the  
promethium is being pur i f ied  by chromatographic ion exchsnge. 
samples from the Yankee reac tor  have been received and are  now being 
di s 8 olved . 

The 

Four U02 

Besides determfnfng promethium iso topic  content , it is planned t o  
analyze t h e  samples f o r  most of the other  s ign i f i can t  f i s s i o n  product 
and t ranauranic  isotopes as a v e r i f i c a t i o n  of the  v a l i d i t y  of corn- 
pu ta t iona l  techniques. 

Promethium Compatibility and Re-entry Studies  

MetallogTaphic examinations have been completed on t h e  pneumatically 
impacted high-temperature cladding material compatibil i ty tes t  samples. 
These had heen heated f o r  1000 hours a t  1100 C ,  the  Nd20g serving as 
a stand-in f o r  Pm203. No a t t ack  whatever vas detected on t h e  samples 
of 310 s t a i n l e s s ,  molybdenum, H a s t a l l o y - N ,  Hastalloy-X, H a s t a l l o y 4  , 
or  Haynes-25. 
about 0 06 inch. 

. 

Platinum shoved a d i f fus iona l  a t t ack  t o  a depth of 

Plasma je t  runs on neodymfum and samarium metals (stand-ins f o r  
promethium metal) with 80 percent argon, 20 percent oxygen showed 
t h a t  both melt readi ly  ( w i t h  considerable oxidation) and form f a i r l y  
f l u i d  melts. 
d ic tab ly  on re-entry.  
oxide d i d  not succeed i n  melting e i t h e r t h e  s t a i n l e s s  can o r  the 
contained neodymium oxide (before  failure of  t h e  q u a r t z  tube surround- 
ing t h e  je t ) .  
oxides w i l l  be d i f f i c u l t  t o  burn up on re-entry. 
should be good candidates f o r  i n t a c t  re-entry. 

Implication is that  promethium metal w i l l  behave pre- 
A similar test of s ta inless-clad neodymium 

These results indica te  t h a t  s ta inless-clad rare ear th  
Alternately,  they 

I n  laboratory synthesis  work, high pur i ty  SmF3, N U 3  and SrF2 were pre- 
pared f o r  compaction and compatibi l i ty  s tud ies .  
( Sr$205) was also prepared f o r  use i n  i r r ad ia t ion  "needle" fabr ica t ion  
experiments. 

Strontium borate 

An alternate route t o  t h e  synthesis  of  di-strontium 
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sil icide-was explored which should be more su i t ab le  f o r  hot-cel l  use 
than t h e  hydride react ion.  
react ion of SrF with elemental s i l i c o n .  Advantage i s  taken of t he  
v o l a t i l i t y  of S i F b .  

?roposed synthesis  is t h e  high-temperature 

2 

Manager 
Chemical Laboratory 

MI! Walling; cf 

. .  





UNCLASSIFTED 9-1 

J. D. So r l in  joined t h e  BI o logica l  Analyses 13peraticn as  a Biological 

J. R. McKenney, Biological  S c i e n t i s t  a t  the  Dxpsrimental A n i m a l  Farm, 
S c i e n t i s t  on September 1, 196b. 

r2turned from an Fducational Leave of Absence a t  t h e  Univ-rsity of 
'.!ashington on September L, 196b. 

Laboratories t o  liadioecology Operation cn September 7 .  

returned from i l l n e s s  absence on September 8. 

3. k .  Demers ,  Bioloqical  Technologist, t ransfer red  f r o m  Analyt ical  

A .  Y. Harty, Biological  Technologist i n  Biological  Analyses $eration, 

Employees rr?.signing t o  r e tu rn  t o  schsol:  
J .  K. h n d ,  Biological  Analyst, Bioloqical  Analpes, Sept. b. 
W. El. Aitkens, Bioloqical  Technologist, Netabolism, Se$. 11. 
C. X. Jones, Biological  Technologist, Biological Analyses, Sept. 11. 

Zniplcyees completing temporary summer assignment and returning t o  school: 
H. H. Jones, Jr. S c i e n t i s t ,  sadioecoloqy ')peration, Sept. 8. 
I. L. Jacques, Jr. S c i e n t i s t ,  3cot l .  Animal Farm, Sept. 18. 
S. C. T a l l ,  Technician, Inha la t ion  Toldcology, jept .  n. 

3. R. Adee t r ans fe r r ed  from Metabolism ?peration t o  Biclogical Analyses 

R. C. S i c k s o n ,  AEC F ~ U O W ,  cmple t ed  h i s  assignment with Aquatic Biolopy 
on Sep-ember 28. 

on September 15. 

B. TTCH'JICAL ACTIVITIES 

Columnaris 

A t o t a l  of 82 j ack  chinooks, precocious males, trapued a t  P r i e s t  Rapids Dam 
during Septenber 23-28 is being held i n  our hatchery as test animals f o r  
columnaris and water temperature s tud ies .  The p r a c t i c a l  problem of  
holding mature salmon i n  a heal thy  state i s  d i f f i c u l t ,  but  t h e  f i s h  
i n  i t s  seccnd week i n  cur  tanks appear well and cn ly  two f i s h  have been 
lo s t .  
and t e s t e d  f o r  columnarb antibody t i t e r  showed 16 negative and one 
pos i t ive .  
t o  cohmnaris.  Some f i s h ,  during t h e i r  u p s t r e m  migration, may not 
have been challenged by columnaris. 

Blood samples from 1 7  adu l t  chinooks captured on September 10 

Adult saLtlon apparent ly  have an immune rospcnse mechanism 

Following a series of  ten  in j ec t ions  o f  heat-ki l led columnaris organisms 
i n t o  f i s h ,  a c t i v e  antibody production was cbserved by the  agglu t ina t ion  
test .  A 1 1  s t r a i n s  of columnaris i so l a t ed  f r o m  scrap f i s h ,  salmon, 
and t r o u t  produce ant ibodies   en injec ted  i n t o  a test  f i s h  and a l l  
ant ibodies  are anoarent ly  of a common type. 
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T r o u t  fed  0.1 pCi/g d a i l y  f o r  1 7  weeks r e t a ined  13% of t h e  t o t a l  
administEred dose of l3OO pCi four  months following the  last feeding. 
Deposition in t h e  g a s t r o i n t e s t i n a l  t rac t  is  cons i s t en t ly  high and 
amounted t o  h7% of body burden. 
concentrat ion of 2.1 uCi/g. 
occurred during t h e  f i f t h  week after t h e  l a s t  feeding. 
Strontium 
A th ree-par -o ld  female miniature p ig  t h a t  had ingested 525 pCi S r  / 
day s ince  nine months of age was k i l l ed  when her c l i n i c a l  condition 
de te r io ra t ed  rapidly.  
earlier, approximately nine months a f t e r  i n i t i a t i o n  of Sr90 feeding a t  
nine nonths of age. 

The bone ccntained t h e  highest  
Peak accumulation i n  t h e  bone of b.3  pCi/g 

90 

Three othor  animals fed 625 psi Sr9O/day had died 

The th ree  early deaths r e su l t ed  from hematological changes with severe 
thrombocytopenia, neutrcpenia,  and anemia being tile most prominent 
changes. Osseous chanqes, pe r  se, d id  nc t  cont r ibu te  t o  t h e  death 
o f  these  ear l ier  animals. 

I n  cont ras t ,  i n  the  recent  case t h e  animal had sevsre " rad ia t ion  
o s t e i t i s "  with f r a c t u r e s  of t h e  femur and the  mandible which necessi ta ted 
killing t h e  animal. 
neutropenia, and anemia, these hematological changes d i d  not s e r ious ly  
affect the  animal s hea l th .  

Although t h i s  animal had a moderate thrombocvtcpenia, 

Cesium 

Rumen s t u d i e s  are present ly  underway t o  e s t a b l i s h  the  b io l cg tca l  
f a c t o r s  responsible  f o r  the  concentration of Cs137 i n  the  rumen 
exceeding the concentrat ion of t h e  feed (bath on a d r y  weight basis). 
T h i s  phenomna w a s  previously discussed i n  the  August 1964 Biology 
%?port. Two rumen f i s t u l a t e d  ewes are being fed 25 pCi Cs137 with 
500 g chopped a l fa l fa  hay twice da i ly  a t  12-hour in t e rva l s .  The l e f t  
paro t id  duct of one ewe has been s u r g i c a l l y  ex ter ior ized  t c  a sce r t a in  
t h e  ro l e  t h a t  saliva cont r ibu tes  t o  t h e  ccncentrat ion of Cs137 i n  t h e  
rumen. 

Cerium- pras  eodvmium 

Rats w e r e  i n j ec t ed  with CelWI-Prfilr 2 ,  2h, h?, and 2hO hcurs following 
p a r t i a l  hepatectomy. 
post- inject ion.  A imal i n j ec t ed  up t o  h8 hcurs post-hepatectomy 
re ta ined  less CeuE-Pr1E4 i n  t h e i r  l i v e r s  and more in kidney, sDleen, 
femur, and blood, as compared t o  controls .  
following p a r t i a l  hepatectomy d i d  not d i ' f e r  from c o n t r o l s .  

Xadionuclide d i s t r i b u t i c n  was detTrmined 24 hours 

Animals in jec ted  2LO h c u r s  
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The enzyme Siver tryptophan pyrrolase was induced i n  rats by in t ra -  
per i tonea l  adminis t ra t ion of L-tryptophan. Two-;iour p r i o r  i n j ec t ion  
of Np237 i n  female rats reduced t h e  l e v e l  of induced enzyme. 
pre-trsatment with Yp237 did not  effect  inccrporat ion of C14-labeled 
leucine i n t o  l iver  o r  plasma proteins .  

S i n i l a r  

Plutonium 

S i x ,  white miniature swine were in j ec t ed  subcutareousl, 

The animals will be sac r i f i ced  1, 7, 30, 5Q, 90, and 365 days a f te r  
323902 administration. 
concentrations i n  t h e  t i s s u e s  sampled. Yowever, ex te rna l  mcnitoring 
of the  i n j e c t i o n  sites sugzests  t h a t  Pu23902 moves from t h e  s i t e  a t  t he  
same rate  as 1'1239 n i t r a t e .  

on each f c re l eg  
with Pu23902 t o  detsrmine the  t rans loca t ion  o f  t h e  Pu i! 39 from the  si te.  

Yo r e s u l t s  a r e  ava i lab le  on the  Pu239 

Seven miniature swine were a l s o  in j ec t ed  subcutaneously with Pu239c2 
and then w e e  given Na3Ca M'PA intravenously e i t h e r  one o r  s j x  hours 
la ter . '  No da ta  are a v a i l a b l e  on the  concentraticns of h 2 3 9  i n  t h e  
t i s s u e s  sampled. 

Inha la t ion  S tudies  

'?ne dog died 56 months a f te r  a s ing le  inha la t ion  exposure t o  h23902. 
The body burden a t  death was  1.2 pci  Pu239; b9,; i n  lungs,  27$ i n  
bronchial  and mediast inal  lymph nodes, 1% i n  l i v e r ,  and 5% i n  
skeleton. Translocation t o  liwr and skeleton w a s  t h e  highest  
cbserved i n  t h i s  study. 
and h% f o r  skeleton. 
were the primary c l i n i c a l  s igns  p r i o r  t o  death. 
neoplasia was confirmed h i s t o l o q i c a l l y  a f t e r  being v i s i b l e  radio- 
graphica l ly  f o r  8 t o  l.4 months before death. 
a t o t a l  of 36 doqs have died following inha la t ion  o f  plutcnium and 
~ U ~ ~ O M I - Y  neoplasia w a s  seen i n  six .  
lymphopenia continues t o  be t h e  m j o r  c l l n i c a l  sign. Several dogs 
show increased r e sp i r a to ry  rates and cne shows radisqraphic evidence 
of a lung tumor. 

Previous high levels were 10% f o r  l i v e r  
Card iopuhonar j  i n su f f i c i ency  and lymphopenia 

Primary  pulmonary 

I n  a l l  of our s tud ies  

I n  the  surviving 26 dogs 

Plutonium dioxide was i n j ec t ed  i n t o  ;he 1 

a l te r  the  level of c i r cu la t ing  lymphocTrtes, such as i s  seen a f t e r  
plutonium inhalat ion.  

gha t ic  vessels  of t h e  hind 
l e g s  of two dogs t o  determine whether = - u  2 9  i n  l a p h a t i c  tissiie wX1 

P r e l i m i n a r y  work is  being done t o  determine t h e  possible  ac t ion  of 
dimethylsulfoxide (DYSO) on radicnucl ides  deposited i n  lungs. Tests 
on sk in  ind ica te  t h a t  DXSO may increase  t h e  r a t e  cf sk in  absorption 
of 1131. 

IJ3JCLASS F E D  
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Ssccndary 'Xsease S3id ies  

:?'est and dcnor c e l l  populat  i.cns wsra assessed in r a d i a t i c n  chi??-ras 
using th?  newly developed c7rtol:rtic antibody t2chn' qiie. 
c e l l s ,  pe r i t cnea l  cel ls ,  ly!nDh ncde cel ls ,  and spleen c e l l s  were 
studied. 
r a t  bone mar-ow c e l l s  showed cel ls  cf exc lus ive ly  host o r ig in  thr?e 
months after treatment. ! b e d  c e l l  populations ware observed i n  
mice i r r a d i a t e d  w i t h  950 r and protected with 2 x l g 7  r a t  bcne aarrm 
c e l l s .  
origin. Lymph ncde ce l l s  wer? abcut equal ly  donor and hos t  i n  o r i g i n  
and sp leen  c e l l s  shcwed a 3 t o  1 host-doncr c e l l  pc?ulation. 
s ign i f icance  of this mixed-up s i t u a t i o n  remains t o  be in te rpre ted .  

- - 

3,sd blcod 

X c e  i r r a d i a t e d  with 700 r and protected with 2 x 107 

7ed blood c e l l s  and ?e r i tonea l  c e l l s  vere of Fredcninantly donor 

The 

Sffscts of X ray cn Fish 

"Jrnups cf c i cn l id s  given 2000 r X-irradiation and rqared i n  three 
d i f f e r e n t  t e rpe ra tu res  of 20, 25'and 30 C,  a l l  i nd ica t e  growth 
depression ccmpared t c  t h e  ccn t ro l s  a t  th ree  months post-administration. 
The most.marked growth depression i s  observed i n  t h e  30 C group i n  
which t h e  mean body weights are 12.L and 9.3 g for cont ro ls  and 
i r r a d i a t e d  groups, respect ively.  

Xffects o f  :later Temperature on Fish 

Tissue r e s p i r a t i o n  s t u d i e s  ind ica t e  the  overall phvsiological  
caDabil i ty  of t r cu t .  Tissues frcm t r c u t  acclinlatid a t  18 C \ave 
a so,(V) of 1.2h f o r  rqd rnuscld and 0.82k f o r  white muscle. 
18 C tissues are moasured a t  8 C, thev have a 2411)  cf O.&P and 
g.21, :Pspsctively. !his depression i n  oxygen ccnsumpticn a t  Low9r 
tempsratures i s  expected. '-hen t i s s u e s  acclimated a t  cne tamparstiire 
a r e  measured a t  a h izher  temper i tuE,  levels of ccnsumDtion aenerall.7 
increaso. However, when f i s h  t i s s u e s  a c c l b a t e d  a t  18 C are  measured 
a t  28 c ,  the  Qo2(F) is  1.19 f o r  red muscle and 0.73 f o r  vrITFt3.0 
depression i n  oxygen consumption i s  ind ica t ive  of a tenDerature level 
beyond the  phvsiological  capac i ty  of the  orgallism. 

:hen 

This 

Plant  kt rit ion  

Continuing s tud ie s  cf the  u.stake of r v b i d i u m  and iodide icns  by p lan ts  
snuw t h a t  t h e  p a r t i a l l y  emanded leaf is t h e  s it? c f  g raa t e s t  
deposi t ion of t hese  ions. The r a t i o  of I t o  L?b is  about six f o r  
p l an t s  held i n  t h e  l i g h t  and about e igh t  f o r  p lan ts  i n  the  dark. 
Rubidium uptake is narkedly decreased during periods of darkness, 
while iodine uutake is  l i t t l e  changed. Trreatmnt of t ' le nu t r ien t  
so lu t ion  with chlcramphsnicol during t h e  pericd c f  uptake enhanced 
t h i  uptake o f  icdide,  while rubidium uatake was sumressed.  
darkness both ions are held up i n  stems and pe t io l e s  and t ranspor t  t C  
leaves is  suo~rnssed .  

%ring 
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Nicrobiology 

Indolepyruvic ac id  has been c l e a r l y  shown t o  satisfy t h e  qrowth 
requirements of tryptophan requir ing mutants of Jeurcspora crassa.  
Lndclepyruvic ac id  i s  convsrted t o  trvptcphan b.7 a transamLnase of 
non-specific o r ig in  i n  t h e  cel ls .  
not appear t o  b= through the  intermediate  indole.  Cell-free ex t r ac t s  
of mycelia grown e i t h e r  i n  t h e  Tresence o r  absence of tryptophan w i l l  
ca ta lyze  t h 3  revmrsible r sac t ion :  
converted t o  indolepyruvate + a lan ine  i n  t’l? presence of pvridoxal 
phosphate. 

- 

lhe pathway of convorsion does 

trTrptophan + p m i v a t e  revers ib ly  

Radiation Effec ts  on Insec t s  

The amcunt of energy frcm &.6 Mev f a s t  neutrons rgquired t o  produce 
5’0% domlnant l e t h a l s  i n  f l o u r  bee t l e s  was two t o  threefo ld  less than 
from 250 KTP T-rays. 
response curve, t h i s  rs la t ive b io logica l  dose w a s  used as  a basis 
f o r  comparison r a the r  than t h e  usua l  %Do 
pre-meiotic and meiotic c e l l s  were suscent ib le  t o  adverse effects 
from X-ray and fas t  neutron rad ia t ion .  
hazard viewpoint because these c e l l s  are more l i a b l e  t o  be 
repeatedly i r r a d i a t e d  ccmpared t o  post-meiotic c e l l s  which d o  not 
remain i n  t h e  body f o r  long periods o f  t i m e .  

Because of ncn-l inear i ty  of t he  X-ray dose 

% p e r b e n t s  showed t h a t  

T \ i s  i s  of ccncern from the  

Columbia River Limnology - 
Preliminary attempts t c  f r a c t i c n a t e  plankton i n t o  the  ne t  and nanno 
ccmponents have been temporarily stopped ’7ecause of l ack  of 
s e n s i t i v i t y  i n  the  counting eqi!ipment ava i l ab le  within Biclogy. 

Likewise, ccntinuing d i f f i c u l t i e s  a r ?  being sncountered i n  f inding 
a su i t ab le  tec5nique f o r  counting C l L  i n  a lgae i n  connection with 
s tud ie s  of pri,mary prcdi ;c t ivi ty  i n  the? Columbia a v e r .  
ccmbustlon nor d i r s c t  ccuntinq of t h e  algae i n  a l i qu id  s c i n t i l l a t o r  
has been ccrnplntely sa t i s f ac to iy .  
technique appears t o  Ss t5e hes t  p c t e n t i a l  method, h u t  the  as-enblv 
and perfect ion of  tho  apparatus have been slow, 

:]either d r y  

3 e  Van-Slvke l i q u i d  ccmbustion 

Terrestrial h o l o g y  

. .  

The gamma enitters asscc ia ted  with cheatgrass harvested frcm an 
abandoned f i e l d  on Hanford Reservation wsre reduced i n  t o t a l  about 
fourfold on a concentrat icn basis when ccmpared with t5e 1963 harvest .  
Cesium-137 concentration was e s s e n t i a l l y  t h e  sane i n  both p a r s ,  
although t h e  amount/m2 of hprvssted area was abcut tenfold lower i n  
1964 than i n  1963 because of a reduced y i 4 d  of cheatgrass i n  t h e  
l a t e r  year. 
reduced very near ly  i n  accord w i t h  t h e i r  emec ted  decay, and there 
i s  nc aGparent reduct ion i n  t h e  ra te  cf deposi t ion even though most 
f a l l o u t  predict ions have indicated a near 50: reduction i n  f a l l o u t  
during 1964 a s  ccrnDarsd with 1963. 
reduction i s  prch?blv due t c  l o c a l  ccnditions which have modified 
deocs i t icn  r a t e .  

The concentrations of cerium-lhlr and ruthenium-lQ6 were 

The lack  of such an apnarent 

T T . T ” f  , ,Ab. s3 Ir:?’3 I 2 2 9 1 0 ;  



? l o r n 1  l o c a l  sandy s o i l  was mixed i n  var icus  uroporticns with the 
s a h e  s&l 
of cs 137, S r b r  and Cabs measured by the  Neu'oauer technique. Higher 
proportions of t h e  s a l i n e  s o i l  produced s l i g h t  reductions of Cs137 
and Cab5 uptake, and somewhat more extensive reduction of t h e  uptake 
of Sr85, t h e  la t ter  being abcut a fourfold reduction. 
observat ion will be checked by tests on pot  cu l tu re  t o  de t  
both t h e  extent and d i f f e r e n t i a l  reduct ion of  uptake of Sr'yand CaL5. 

i c a l  of a roas  inhabi ted by greasewcod and t i e  uptake 

This 
. i n e  

Alaskan Studies  

Radioac t iv i ty  in 82 res idents  of Anaktuvuk ?ass was measured on 
September 9-11. 
approximately 10% lower than measured last July. This decrease 
r e su l t ed  from a change i n  d i e t  from spring-ki l led t o  f a l l - k i l l e d  
caribou. 
i n  July must have been near  maximal and s+ayed a t  a plateau during 
t h e  remainder of t h e  s u m r .  

Earlier i n  t h e  sununer Sr8S and Cs13b were appl ied t o  i n d i v i h a l  
T h a l l i  of l i chens  and t o  areas of l i c h e n  f i e l d s .  
time have been taken on t h e  day of appl icat ion,  t h e  first day fo l lowing  
appl ica t ion ,  and t h e  22nd day f o l l d n g  appl icat ion.  
pericd of time the re  is l i t t l e  if any evidence of loss of e i t h e r  radio- 
nucl ide from t h e  l ichens.  
t he  year. 

The averaqe and maximum body burdens of Cs137 were 

This measurement a l s o  ind ica t e s  t h a t  t he  body burden measured 

Samples s ince  t h a t  

I n  t h i s  sho r t  

Sampling i s  expected t o  continue through 

Spec ia l  ?roblems 

Enhancement of an autoradiographic 'image was found t o  be optimum 
with 12-a mg of P7-920B zinc sulphide phosphor/cm*. The phcsphor was 
mixed with 22 ge la t ine  and deposited on aluminum coated mylar. 
this material, samples from the  bicaasay labora tory  containing 0.03 d/m 
of  alpha could be  dis t inguished from the  samples containing 0.05 d/m 
o r  more. One sample d i d  not check w e l l  between the  autoradiographic 
and t h e  d i r e c t  microscopic examination, and on recheck by the auto- 
r a d i o p p h i c  technique again f a i l e d  t o  check c lose ly  with t h e  
microscopic evaluation. 

Using 

% Kornberg:es 
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I. ipeeches 'resented 

a. ?a%rs Presented a t  Soci?ty i:;eetings and S?nposia 

Rair, I.]. J. yeposit ion,  re ten t ion ,  and excre t ion  of inhaled 
pa r t i c l e s .  
Assoc., Wcbland, idashingtcn. 

>acif  i c  'krthwest American Indi i s t r ia l  b g i e n e  
August 2 p ,  196L. 

Park, J .  F. Bioloqical  e f f e c t s  of inhaled aerosc ls .  Pac i f ic  
Northirest American Indus t r i a l  Yvqiene .'ssociation, 
Iiich'and, 'i'ashingtcn. Auqust 28, 196L. 

Hungate, 2'. P. Sadionuclides i n  Alaskan Yskimos. 15th Alaskan 
Science conference, Fairbanks, Alaska (PAS). 
1964. 

September l-L, 

b. Seminars (Off-Site and Local) 

Yanscn, ;1. C. ';hole-body cciinting of 3 k i m o s  i n  Alaska. Hanfcrd 
Laboratcries Tqchnical Ac t iv i t i e s  Ike t ing ,  300 Area. 
September 2,  1 9 6 b .  

Stua r t ,  B. 3. Zffects  cf r a j i a t i o n  on l i v i n g  t i s sue .  &fresher  
Course f c r  %dia t ion  Ikn i to r s  - 325 Building, 300 Area. 
Septemb?r 22 and 75, 1964. 

c. Seminars (Biology 

None 

d. !*liscellanecus 

None 

I1 A r t i c l e s  h b l i s h e d  

a. 3pen L i t e ra tu re  

. .  
Dean, John Hark and Clarence J. Soodnight. 196L. A co-iparative 

s t u d y  of carbohydrate metabolism i n  f i s h  as a f fec ted  by 
temperature and exerc ise  l h y s i o l o 9 c a l  Zcolcgy 37: 289-299. 
(riork done elsewhere. 

b. Documents 

1J one 
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111. V i s i t s  and Vis i tors  

a. Visits t o  Hanford 

1 2 2 4 1 0 b  

About LO Tech Grads f r o m  Hanford tcured Riology on 9/17/6&. 

Ten AEC Trainees tovred Eiclogy cn 9/18/6&. 

C. *:I. Fort, Jr., 'Graduate Student a t  the Univqrsity of :Jashin&cn, 
S e a t t l e ,  ;lashington, discuss  poss ib le  research t o  ?e dcne a t  
Hanford with 3. E. :Ja!atani. 

John Stout  and GJilUam Chobotar of  Valla Valla College discussed 
research with L. Tberhardt on 9/22/6b.  

James Dilley of t h e  Universi ty  of  Chicago toured *-acilities 
on 9 /23 /6L  and discussed research with L. K. Eust2d, 9 .  C .  
Thompson, and W. J. Bair. 

Osman U m n ,  an In t e rna t iona l  Farm Youth %change ?rcgram 
Associate with t h e  Ilashington S t a t e  'Jnivmrsity %tens ion 
SeFvics (from Izmir, Turkey) toured the  f a c i l i t i e s  and 
discussed research with J .  F. Cline. 

H. Hol l i s te r ,  Divis i rn  of Biology and &dicine, TT. S. ASC, 
Washington, D.C. lxscuss mutual problems with L. Eberhardt. 

Dr. Adolph Waller, Professor Emeritus, Ohio S t a t e  University 
and Consultant t o  Bzttelle, Columbus, discussed ecological  ' 

research  with Dr. 'Tungate and staff and tciired t h e  
f a c i l i t i e s  with D r .  Kornberg. 

b. Visits Off-Site 

a134 - -. G. Tombrcpoulos v i s i t e d  the  'Tational I n s t i t u t e  o f  
Health, Pethesda, 'arvland, t c  discuss  ?mblems of 
l i p i d  biosynthesis  and methods with Drs. F.. 0. Brady 
and Bier's group. 

15th  Alaskan Science Ccnference i n  Fairbanks, A l a s k a .  

Radiation Ccuncil i n  dias?ingtcn, D.C. 

i n  Alaska. 

Dr. V. Hepworth a t  University7 cf ' h a n i n ~ ,  
i.Jamsutter, 'W. 

9/1-3 

9/8 

9/8-17 - l T .  C. Hanson conducted whole-bodv ccunting s tudies  

9/9-10 - C. 3. Cushing discussed sanpling proqram with 

- 
- F. P. Hungate attended a mesting of the Federal  

F. P. Hungate a-tended and presented a paper a t  the  

9/11-10/11 - D. I;. 'datson prosanted a paper a t  t h e  3mposium 
on Radioact ivi ty  i n  Scandinavia i n  Fziso, k n m a r k  
and toured o the r  Zuropean Iabcrator ies  t c  discuss 
research. 

G r c w e r s ,  Hemiston, h g o n .  
9/b - V. 5 .  Horstman inspected feed at, Pendl-.tcn ;rain 

9/17 - L. Y. Bustad discussed j c i n t l g  authored pauer with 
e d i t c r  and oe r fc rwd  l i b r a m  -?search a t  
'Tnivorsitv cf Tdashingt on , S e a t t l e  

IJ'lC'UASS T1PTTO 
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b. Visits ?ff-bite (continu2d) 
- 

9 /23 -28  - I?. p. L%jihara attend?d a meeting on ’‘iral Diseases of 
l o ik i lo thwmic  ‘T?rtebraes a t  %?e Zastern Fish Disease 
Laboratcry and ‘Jew Pork Academy c f  sciences in Yew 
York City.  

17. G. Yorstman t ransported two swine t o  Northwest, A i r l i nes  
i n  Spokane f o r  shipment t o  SPAL, :.Jashingtcn, 9. C. 

C. E. Cushing and $1. H. Eickard co l lec ted  f a l l o u t  samples 
i n  tile Cascades near Paclmood, :!ashington. 

c. ?. Hungate v i s i t e d  ?ortlartd, aregon f o r  the Connissicning 
of  %he 3ceanographic ‘Jessel “Yaquina“ , 3regcn state ‘Jniv. 

I,. K. Bustad and Y. A .  Iiornbsrg served on the  Thesis 
Camittee a t  TiTashington S ta t e  University i n  Pullman 
f o r  t h e  f i n a l  o r a l  nxaninations cf ?at  Hac’cett and 
Bsa I LcClanahan. 

Xcuntains, %vtcn, ‘#!ashington. 

9 / 2 2  - 
9/23-21, - 
9 /28  - 
9 / 2 9  - 

9 / 3 0  - L. L. ?berhardt co l lec ted  f a l l o u t  samples i n  t h e  Blue  

I ‘ J .  Achievements 

Jc ne 

I T .  Hcnors and -9ecoenitions 

VI. Professional  Grcup o r  Organization A s s i p e n t s  

!lone 

1 2 2 9 1 0 1  
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ORGANIZATION AloD PERSONNEL 

Rorrs J. Wood has been named Acting Manager of S t a t i s t i c s .  R. C. Burke t ransfer red  
t o  IPD an September 1 4 ,  1964. 
Laboratories on September 4, 1964. 
t i c i a n  on September 1, 1964. 

K. B. Stewart t ransfer red  t o  Vallecitos Atanic 
R. L. Hooper joined the  sect ion as a statis- 

ACTIVITIES FOR OTEIER HAP0 COMPONENTS 

Chemical Processinu Department 

Closed form solut ions were obtained t o  severa l  mathematical models of t he  chemical.  
processes which occur i n  the recovery of aluminum n i t r a t e  nonahydrate fram Redox 
acid w a s t e ,  

Irradiation Processing Department 

The power curve w a s  developed f o r  atwo-stage acceptance sampling plan embodied i n  
a purchasing spec i f ica t fan  f o r  Resistance Temperature Detectors ( R T D ) ,  

An analysis  was performed on post- i r radiat ion data r e l a t i v e  t o  d i s to r t ion  of 
dimensional cha rac t e r i s t i c s  of AlSi and HDS fuel elements. 

The study of t he  v a l i d i t y  of in-reactor sec tor  gauge measurements of wall thickness 
of process tubes was completed. 

A study w a s  I n i t i a t e d  of probolog measurements of' wall thickness of process tubes. 
The a i m  of t h i s  study is t h e  development of an optimal in-reactor tube sampling 
procedure f o r  the Alternate Tube Corrosion Monitor Program. 

A reliability study WBB i n i t i a t e d  of reac tor  pressure monitoring systems. 

N Reactor Dewrtment 

A preliminary analysis  of data was ccmpletcd t o  estimate t h e  p.p.m. of uranium i n  
" inser ts"  which w i l l  be employed as sca l ing  standards f o r  fuel  end-weld measurements. 

A sampling plan and procedure appropriate t o  estimating t h e  f rac t ions  of 1/4" s t a i n l e s s  
steel  tubes having cracks at t h e  i n i t i a l  outage period was developed. 

A sampling procedure was formulated t o  f a c i l i t a t e  an assessment of t he  change i n  t h e  
f u e l  I . D .  due t o  rewelding. 
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A model and associated procedures appropriate t o  the evaluation of di f fe ren t  
pre-extrurrimi lubr ica t ing  treatments of uranium b i l l e t s  were determined, 

A study of pra- i r rad ia t ion  fuel weights obtained in air and under water was 
initiated. 
data fran being wed In a post i r r ad ia t ion  swelling study. 

The object of t h i s  study is t o  prevent "laggard" and "outlier" 

ACTIVITIES WITHIN H A W O R D  LABORATORIES 

2000 Program 

Flow System Models 

Modiflcations of some of the "shoe bax" EDPM programs have been completed. 
Although minor, these  modiflcatians make it possible t o  study more general 
f l o w  systems and t o  examine canputatianal errors with s t a t i s t i c a l  techniques. 

The s t a t i s t i c a l  study t o  measure t he  e r ro r s  in t he  ccunputatianal sequence 
for detezmining the in-place permeability d i s t r ibu t ion  f o r  heterogeneous 
soils wa8 contintmd. 

C-Column Computer C a t  r o l  

The GE 412 process control  canputer is being i n a t a l l e d  in the Hanford van 
which is located next t o  t h e  321 B u i l d i n g .  The caaputer w i l l  be used 
i n i t i a l l y  to cont ro l  t h e  operation of the C-column test  f a c i l i t y .  A number of 
412 funct ional  program vera assembled on the GE 225 system, and reliable 
paper tape output punched. 
routines. Desk type debugging is s t i l l  in progress on other funct ional  programs. 
The general diagnostic (equipment failure and peripheral fa i lure  rout ines)  is 
now being writ ten.  

The GE 412 computer operates on paper tape input 

The ca l lb ra t i an  experiment for t he  organic phatanetcr w a s  canpleted. The 
phutometer Will be used t o  monitor t h e  organic uranium stream concentrations 
of the A-colm test facility. 
cards,  and the s t a t i s t i c a l  analysis necessary for the  establishment of t h e  
ca l ibra t ion  i u n c t i m  is in progress, 

Experimental data is now avai lable  an punched 

Sonic Transmission i n  V i s c o e l a s t i c  Materials 

An EDPM program has been canpleted which will a i d  i n  the  inves t iga t ion  of 
a t tenuat ion of ultrasound. The program produces the  frequency spectrum of 
b11 i n i t i a l  pulse and the rebounding pulses f r o m  a plane boundary separating 
dissimilar media together  with the frequency spec t ra  of t h e  rebounding aulses. 
A first draft of t h e  mathematical model used as a b a s i s  for the  program has been 
wr i t ten  
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Other 

Mathematical ass is tance w a s  provided Ceramics Research and Development i n  
detemining prec is ion  l a t t i c e  constants of hexagonal c rys t a l s  once these 
c rys t a l s  were indexed. 
employs the Nelson-Riley extrapolat ion functions t o  determine a weighted 
least-squares fit of  the data, 

An EDPM program w a s  wr i t ten  and debugged which 

Mathematical models are being inves t iga ted ,  and EDPM programs are being 
wr i t ten  t o  study the  f l a w  of heat i n  layered media, This inves t iga t ion  i s  
concerned with nan-destructive t e s t i n g  by thermal methods, 

A regression analysis  w a s  performed on rad ia t ion  measurements from t h e  
PRTR . 
Work on t h e  m a s s  spectrometer simulation study relative t o  propogation of  
measurement e r r o r s  w a s  continued. 

Canputation and S t a t i s t i c a l  Analysis 

Data f o r  t h e  BLU ana ly t i ca l  file is being prepared both f o r  debugging of  
the system and f o r  the  f i n a l  input  t o  the  completed system, 

Work continued on the hypothesis t e s t i n g  problem associated w i t h  deciding 
between the t w o  a l t e rna t ives  t h a t  a set of random times between successive 
couuts arose f'ran the decay of a pure nucl ide,  and tha t  t h e  times were 
generated fran a uniform i n t e n s i t y  background, 
similar region tests, based on random time and m fixed t i m e  counting 
procedures, have been worked out. Current e f f o r t s  are di rec ted  toward a 
composite procedure based on random time w i t h  a f lxed t i m e  t runcat ion point ,  
Programming f o r  the d i g i t a l  cauputer calculat ion of c r i t i c a l  points  f o r  t he  
above tests i s  now in progress. 

Uniformly most powerful 

A nrnnber of s t a t i s t i c a l  analyses of program data are in progress i n  ant ic i -  
pat ion of a program meeting here at Hanford during t h e  week of October 19. 

Radiochemical A n a l y s i s  

Several extensive modifications t o  the IRA master f i l e  have been spec i f ied  
and the  necessary programing caupleted. 
pass f o r  t h e  multidimensional analyzer system M U L  w&4 completed, Card output 
f o r  t h i s  program w i l l  be input t o  the  latest  version of t he  GEM program which 
now appears t o  be debugged, 

Specif icat ion of  a channel sumnlng 

Other 

Data w a s  analyzed relative t o  a graphi te  research and development study, 
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B i o l o g y  

The analysis of data from B study t o  investigate the effecf3ff physical 
and biological  c~d l t ianrr  m deposition and retention of I on plants 
waa capletad.  . 

zha method of evaluation of particle-size data from inhalatloq toxicity 
expellments is  being studied. 

Manager 
APPKD MAlTIpiATICS 

CA Bennett:lg 
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A. 

B.  

R A D I A T I O N  PROTECTION OPERATICN 
REPGRT FOR THE MONTH OF SEPTEMBER 1964 - 

ORGANIZATION AND PERSONNEL 

The Nuclear Health & Safety funct ion,  formerly i n  Programming, was t rans-  
ferred t o  t h e  Radiation Protect ion Operation on September 1 under t h e  
continued d i r ec t ion  of R ,  L. Junkins. R .  W ,  Hardie completed h i s  rota-  
t i o n a l  assignment i n  RDCO e f f ec t ive  September 30. Myrtle Ghent and Ina 
Lierman terminated from ED0 on September 30. J. A ,  Gile and L. W e  Hankel 
t r ans fe r r ed  from RMO t o  IPD e f fec t ive  September 28. A ,  W .  Norwood and 
R .  W.  Switzer t r ans fe r r ed  from IPD t o  FJlO e f fec t ive  the  same date.  C. A.  
Tompkins t r ans fe r r ed  in to  ID0 e f f ec t ive  September 1 4 ,  replacing D .  L .  
S i l v e r  who terminated September 9 in  order  t o  re turn  t o  school. 

ACTIVITIES 

Occupational Exposure Experience 

There were t h r e e  new plutonium deposi t ion cases confirmed by a spec ia l  
bioassay analysis  during the  month. 
a l y s i s  da ta  r e su l t ed  i n  t h e  r e c l a s s i f i c a t i o n ' o f  one employee who was 
formerly considered t o  be a deposit ion case. 
individuals  who have received i n t e r n a l  deposit ions of plutonium a t  H a -  
fo rd  is  347, of which 246 are cur ren t ly  employed a t  !ranford, 

The evaluat ion of addi t iona l  urin- 

The t o t a l  number of 

In  September the re  were s i x  incidents  involving twelve employees which 
required s p e c i a l  bioassay sampling f o r  plutonium analys is ,  None of t he  
inc idents  resulted i n  any detectable  deposit ion.  In addi t ion t o  the  
inc idents  involving plutonium, the re  were four incidents  involving four 
persons t h a t  required evaluat ion f o r  possihle  intake of o the r  radio- 
isotopes.  None of  these  inc idents  resulted i n  any s ign i f i can t  deposit ion.  

There were two items of spec ia l  i n t e r e s t  involving exposures of personnel. 
Brief descr ipt ions are: 

Two Hanford Laboratories personnel working in  t h e  Plutonium 
Fabricat ion P i l o t  Plant  (308 Building) received hand exposures, 
based on finger r ing  fi lm, t h a t  appear t o  exceed t h e  operational 
cont ro l  l i m i t  of 8 rem/month, Evaluation i s  not ye t  complete, 
but it does not appear t h a t  e i t h e r  w i l l  exceed t h e  occupational 
exposure standard of 25 rem/l3 week period, 

Analysis o f  a bioassay sample submitted by a Hanford Laboratories 
employee, following work i n  the  Plutonium Recycle Test Reactor 
(309 Building) indicated a concentration of -127 uc of tritium per  
l i t e r .  Based on the  r e s u l t s  of t h i s  and subsequent samples, t he  
whole body dose received through t h e  badge period ending 9-25-64 
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by the employee i s  estimated t o  be 0.8 rem and the  t o t a l  whole 
body dose resulting from t h i s  exposure is  expected t o  be 1 rem. 

Experimental work on fuel elements i n  A c e l l  i n  the 327 Building resu l ted  
i n  a maximum weekly 1 1 3 '  s tack  emission of 55 mc. Pressure drop neasure- 
menta across t h e  charcoal f i l t e r  indicated sat isfacto.ry f i l t e r  seating 
sad t h e  f i l t e r ,  which was j u s t  newly i n s t a l l e d  i n  July,  was l e f t  i n  
operat ion f o r  subsequent observation. Stack emissions returned t o  normal 
.%ad replacanent of t h e  charcoal f i l t e r  w a s  not required. The A c e l l  
absolute  f i l t e r  box rad ia t ion  l e v e l  suddenly increased from 5 R/hour t o  
80 R/hour during t h e  same work i n  A c e l l .  The f i l t e r  w a s  replaced a t  a 
maximum personnel dose rate of 10 rads/hour and wi th  good contamination 
control.  A two-inch lead shielded box w a s  used for t r a n s f e r  t o  the  
b u r i a l  ground. 

A t  t he  request of t h e  Commission, and i n  coordination w i t h  t he  Adminis- 
t r a t i v e  Manager of  V i t r o  Engineering Company, arrangements a re  in  progress 
t o  e s t ab l i sh ,  maintain, consolidate and summarize rad ia t ion  exposure 
records f o r  employees of t h a t  company. 

A t  the request of t h e  Commission, a summary of t h e  1963 Hanford Exposure 
Experience w a s  prepared f o r  t h e i r  annual report .  This included the  
t o t a l  number of employees covered by t h e  film badge dosimeter system, 
the  number of employees receiving penetrat ing doses i n  excess of 1 rem 
and thi? percent of work force  receiving l e s s  than 1 percent of t h e  
maximum permissible dose. Summaries of t h e  number of plutonium deposi- 
t i o n  cases t h a t  have occurred through 1963 and t h e  number and descr ipt ion 
of  rad ia t ion  incidents  i n  which an NCRP l i m i t  were exceeded, were a l s o  
included. 

Environmental Experience 

On June 12, 1964 the  swamps t h a t  receive cooling water from the  Purex 
p lan t  became gross ly  contaminated as a r e s u l t  of a leak i n  the  cooling 
c o i l s  of a process tank. Backfi l l ing of t h e  i n l e t s  t o  the swamps and 
sane of t he  shore l i n e ,  increased depth of water i n  the swamps, and' 
time for  f ixa t ion  of the  contamination i n  t h e  bottom of  t he  swamps have 
v i r t u a l l y  corrected t h e  conditions.  
s a t i s f ac to ry  s ince  August. 

The s t a t u s  of "B" Swamp has been 

Ef fo r t s  t o  e l iminate  t h e  rad ia t ion  problems s t i l l  remainiG a t  the Gable 
Mountain Swamp continued through September. The contamination i n  the  
water is  on t h e  order  of 5 x uc/cc and i s  no longer a problem. The 
mud i n  the bottom of t h e  swamp is s t i l l  highly contaminated and t he  major 
e f f o r t s  have been d i rec ted  at  raising t h e  l eve l  of t he  water so t h a t  the  
m u d  w i l l  be less accessible  t o  ducks. 

Evaluation of 
on August 31, 

t he  e f f e c t s  of 
1964 indicated 

the  f u e l  element f a i l u r e  a t  105-F Reactor 
t h a t  t h e  t o t a l  f i s s i o n  product re lease  w a s  
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about 1000 _curies including about 15 cur ies  o f  1' 3 1  
water indicated a m a x i m u m  concentration of 1 1 3 1  of about 100 p c / l  a t  the  
Richland Water Plant.  

Samples of r i v e r  

Concentrations of  f a l l o u t  materials i n  the  a i r  of eas te rn  Washington 
averaged 0.4 pc/m3 during September, t h e  lowest monthly average s ince  
t h e  f a l l  of  1961. These concentrations have been s t e a d i l y  decreasing 
from t h e  peak values of 2 pc/m3 noted i n  May and June of t h i s  year.  

Nuclear Safety 

The hazards review, "Plutonium Reclamation F a c i l i t y ,  Miscellaneous Treat- 
ment Room, Glove Boxes 1 and 2", w a s  completed by the  HAP0 review group 
and a report  issued on September 1, 1964, The group concurred with t h e  
recommendations i n  t h e  hazards evaluation, The over-all  nuclear s a fe ty  
margin appears adequate 

Document HW-82259 REV, "Nuclear Safety Guidance i n  t h e  Use of Water t o  
Fight F i res  i n  CPD F a c i l i t i e s " ,  was revised t o  update the  categorizat ion 
of plant  areas f o r  f i r e  f igh t ing  purposes, 

Hanford Laboratories personnel are working on a draf t  of a nuclear safe- 
guards pol icy which w i l l  be recommended t o  Battelle-Northwest f o r  adoption. 
The recommended pol icy w i l l  be based on t h e  current  contractual  require- 
ments for nuclear  s a f e t y  as w e l l  as the  current  prac t ices  i n  t h e  
Laboratories.  

There were no meetings with t h e  General E l e c t r i c  Technological Hazards 
Council or  t h e  Advisory Committee on Reactor Safeguards during t h i s  
report ing period. 

S t a tus  of Action Items 

Hanford Nuclear Health and Safety Study 

Action Item 
Number 7: 

Action Item 
Number 8: 

Prepare and start discussion with the  A E C  of 
Operating Safety L i m i t s  f o r  t he  PCTR, CML, TTR, 
and PRCF. 

Drafts f o r  discussion with RLOO-AEC have been 
revised and resubmitted f o r  PCTR, TTR, and PRCF. 
Informal agreement has been achieved on cont ro l  
of t h e  Operating Safety Limits f o r  PRCF, 

Prepare and start  discussion with t h e  AEC of 
Operating Safety L i m i t s  f o r  Hanford Test Reactor, 
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Actibn Items 
number 16 ,  
17, and 18: Implementation of desirable  Hanford capabi l i ty  

i n  the event of a ser ious rad ia t ion  incident .  

Io chsnge during t h i s  reporting period. 

Consult at  ions 

A t  t h e  request of Biology Operation personnel, thermoluminescent dosi- 
meters and s i l i c o n  neutron dosimeters were used t o  measure t h e  gamma 
and neutron dose i n  the  PCTR core p r io r  t o  a Biology experiment. The 
thermoluminescent dosimeters were ca l ibra ted  wi th  radium gamma rad ia t ion  
for doses up t o  30 R. Glass rod dosimeters were also ca l ibra ted  and 
used i n  t h i s  same experiment t o  confirm the gemma dosimetry results. 
The results compared favorably. The s i l i c o n  diode neutron dosimeters 
indicated neutron doses between 330 and 410 rads f o r  a five-minute 
r eac to r  operating time. The average neutron dose w a s  determined t o  be 
369 rads t40  rads. 

Several  thermoluminescent dosimeters t h a t  were implanted i n  sheep t o  
determine t h e  dose rate t o  various organs were evaluated f o r  Biology 
personnel. 

A number of thermoluminescent dosimeters, previously exposed in Alaska 
by the  Biology personnel, were evaluated. In general ,  these dosimeters 
read unexpectedly high. 

Methods of protect ing glass rod dosimeters from damage during inser t ion  
i n  f i s h  tissue and during r e t r i e v a l  were reviewed w i t h  Biology personnel. 
The shielding effect of a small diameter polyethylene surg ica l  tube was 
evaluated. Recanmendations f o r  sealing t h e  g l a s s  dosimeter rods in  t h i s  
tubing p r i o r  t o  insertion were made. The tubing should be e f f ec t ive  i n  
reducing glass chipping and may a l so  reduce the migration of t h e  g l a s s  
i n  t h e  tissue. Four g las s  rods which were exposed t o  f i s h  on Zn6' d i e t s  
were avaluat ed . 
Neutron and gamma dose r a t e s  were measured f o r  experimental exposures of  
r a t a  at t h e  acce lera tor  f a c i l i t i e s .  The rats were exposed t o  a dose of 
175 R at a dose rate of about 1,000 R/hr a t  t h e  e lectron Van de Graaff 
accelerator .  

Consultations were provided t o  Materials and Process Chemistry personnel 
on t h e  use of s i l v e r  phosphate g l a s s  dosimeters f o r  Co60 i r r ad ia t ions  i n  
the  dose range from lo4 t o  3 x lo6 R. 
t o  evaluate ,  anneal and reuse t h e  glass dosimeters a f t e r  exposure. 

The discussions included methods 

Discussions relating t o  pulsed rad ia t ion  sources,  pa r t i cu la r ly  those 
ava i lab le  from the Van de Graaff and the  Flash X-ray machine, were he ld  
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w i t h  a member of the Radiological Chemistry s t a f f ,  Possible use of t h i s  
equipment for t h e  study of chemical reac t ion  r a t e s  after exposure t o  high 
in t ens i ty ,  short  duration dose r a t e s  i s  being considered, 

Shielding calculat ions were performed f o r  Reactor Materials Research 
Operation t o  determine the maximum quant i ty  of i r r ad ia t ed  samples t h a t  
could be sa fe ty  handled i n  a proposed reac tor  mater ia l  f a c i l i t y ,  
rad ia t ion  protect ion aspects of t h e  proposed f a c i l i t y ,  including i t s  lo-  
cat ion,  were discussed, 

Other 

Studies and Improvements 

A report  from W o n t  labora tor ies  substant ia ted the  wide range of readings 
of blank film reported last  month. Their representat ive plans t o  v i s i t  
soon t o  discuss the  problem fu r the r ,  
about f i v e  thousand pieces of f i lm were sampled. Sampling consisted of 
taking the  top  and bottom f i v e  f i lm from each tube of 150 f i lm and develop- 
ing according t o  standard procedures. 
f i lm ranged between 95 and 120 mv i n  darkening were used i n  personnel 
f i lm dosimeters., The current l o t  of f i lm i s  general ly  superior t o  t h e  
previous l o t .  Blank film reading frequency histograms a re  being prepared, 

A new l o t  of f i lm was received'and 

Only film from tubes whose t e s t e d  

The new a u t m a t i c  densitometer designed and fabr ica ted  by Radiological 
Developent  and Cal ibrat ions Operation was f irst  used f o r  production pur- 
poses September 29, 1964. The performance of t h i s  equipment w a s  f lawless 
and marks a s ign i f i can t  improvement i n  ex terna l  dosimetry processing . 
technique. 

A meeting w a s  held w i t h  308 Building personnel t o  formulate a plan of 
ac t ion  t o  iden t i fy  t h e  source of and eliminate c o n t a i n a t i o n  from the  
bui lding air exhaust system, Contamination has been detected downstream 
of two absolute  f i l t e r s  i n  t h e  hood exhaust system, A six-point plan of 
act ion was agreed upon, 

The f i s s i o n  fragment neutron detectors  w i t h  U235 f i s s i o n  f o i l s  were ex- 
posed t o  1 Mev neutrons. 
dis t inguished and about equal t o  the  number expected from theore t i ca l  
calculat ions.  
did not produce f i s s i o n  fragment t r acks ,  
and conducted merely t o  confirm the  threshold f i s s i o n  data fo r  U238., 
Neutron energies above 1 Mev a re  required f o r  f i s s ion  of U 2 3 8 0  

The f i s s i o n  t racks  observed were eas i ly  

The exposures conducted with U238 as the f i s s ion  mater ia l  
These r e s u l t s  were an t ic ipa ted  

The G.I. Tract Dose Monitor i n s t a l l e d  a t  t h e  Richland Water Plant was 
removed from serv ice  f o r  severa l  days t o  permit coating t h e  water-exposed 
surfaces  of t he  s c i n t i l l a t o r  with spec ia l  s i l i c o n  compounds t o  reduce 
radionuclide deposit ion and buildup. 
e f f e c t i v e  but has not f u l l y  eliminated background buildup, 

This treatment was p a r t i a l l y  

Studies a re  continuing on modifications t o  the  e lec t ron  V a n  de Graaff 
acce lera tor  t o  provide var iab le ,  shor t  duration rad ia t ion  pulses. The 
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High Voltage Engineering Ccmnpany now of fers  a pulsing un i t  which can be 
at tached t o  our acce lera tor  t o  provide pu l ses  i n  t h e  region from 1 / 2  t o  3 
usec. 
e q u i p e n t  provides pu l se  durations from 10 msec t o  many hours i n  duration. 

Pulse e q u i p e n t  designed a t  Hanford and now i n s t a l l e d  on the  

A new Fie ld  Ib i s s ion  electron-emitting tube su i t ab le  f o r  use on the  Flash 
X-ray machine i s  now avai lab le  cammercially. This equipment, which has a 
p u l s e  durat ion of 0.03 usec w i l l  provide an electron dose of l o 6  rads per 
pulse. Equipnent of t h i s  type i s  being considered t o  provide improved 
c a p a b i l i t i e s  within the  Cal ibrat ion Operation, 
Radiological Chemistry group a re  cur ren t ly  in t e re s t ed  i n  performing chemi- 
c a l  experiments i n  these  short  duration pulsed f i e l d s .  

Personnel from t h e  

A l l  por table  instruments rout ine ly  used at Hanford were t e s t e d  f o r  response 
* under photon r ad ia t ion  pulses  of 0.1 yaec durat ion,  With t h e  exception of 

t he  G.M. and BF'Q monitoring instruments, a c l e a r  response w a s  noted f o r  
each pulse. 
"Single X-ray Pulse Response of Radiation Monitoring Instruments" a 

LiF dosimeters f i l l ed  with hydrogenous material t o  enhance t h e i r  neutron 
s e n s i t i v i t y  were i r r ad ia t ed ,  I n  general ,  t h e  results of these  s tudies  
were inconclusive. Further study is  being conducted t o  define parameters 
t h a t  cont ro l  t he  LiF s e n s i t i v i t y  t o  fast neutrons. 
de tec t ion  limits of 5 t o  10 rads were noted, but it has not been possible 
t o  dependably reproduce these  exposures. Possible  var ia t ions  now under 
study include va r i a t ions  i n  the  LiF powder s ize ,  possible  in te rac t ion  of 
t h e  f luo r ide  powder with sunl ight  o r  f luorescent  l i gh t ing  and possible  
triboluminescence which may go unnoticed i n  many laboratory experiments 
where t h e  dosimeters are  ca re fu l ly  handled but may contr ibute  extraneous 
readings when dosimeters are used under f i e l d  conditions.  

The results of these  s tud ies  were documented i n  HW-84067, 

In-some experiments, 

Resesrch Studies  

Effec t  of Reactor Eff luent  on the  Quality of Columbia River Water 

A study is i n  progress of t h e  e f f e c t s  of reac tor  e f f luent  on Columbia River 
water qua l i ty  with emphasis on temperature e f f e c t s ,  Spot dye releases  from 
B, K ,  and N Area o u t f a l l s  were made f o r  determination of t r a v e l  times i n  
t h e  r i v e r  flow range of  100,000 - 120,000 c f s .  The lag between r i v e r  chan- 
n e l  and shorel ine a r r i v a l  times a t  downstream loca t ions  w a s  somewhat g rea t e r  
i n  t h i s  set of runs than expected. I n s t a l l a t i o n  o f  the  portable meteoro- 
l o g i c a l  s t a t i o n  a t  White Bluffs w a s  completed., 

Mechanisms of Environmental Exposure 

Columbia River w h i t e f i s h  were used i n  a study u t i l i z i n g  a P32 whole-body 
counting technique. I n i t i a l  r e s u l t s  w i t h  one subject  ind ica te  an ef fec t ive  
h a l f - l i f e  of  P3* i n  blood of 10,7 days. 
response t o  P32 ingestions as low as 58 nc, 
completed t h e  instrument response t o  various t o t a l  body burdens of P32 can 

The i n s t m e n t  gave a measurable 
When laboratory analyses a re  

1 2 2 9 7 1 1  
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be ascertained t o  permit i n t e rp re t a t ion  of whole-body counting data, 

A cooperative e f f o r t  with Washington S t a t e  Game Department personnel i s  i n  
progress t o  contact t he  most avid Columbia River fishermen and i n v i t e  t h e i r  
cooperation t o  obtain da ta  concerning f i sh ing  p rac t i ce  and t h e  resu l t ing  
radioisotope ingest ion.  
counter f o r  P32 and Zn65 analyses. 
vealed a m a x i m u m  Zn65 body burden of 8.5 nc, 
an attempt t o  obtain a s t a t i s t i c a l  sample of  t h i s  group. 

These fishermen a re  inv i t ed  t o  t h e  whole-body 
The f irst  two such counts completed re- 

The study w i l l  continue i n  

Nuclear F a c i l i t i e s  Monitoring Guide 

Work continued on preparing a f i r s t  draf t ,  The material already wr i t ten  
w a s  reorganized i n t o  a sequence of subjects  which makes the  t e x t  more usable 
as a guide and not so much a co l lec t ion  of f a c t s .  The sequence of major 
subject  categories  i s  now (1) objec t ives ,  ( 2 )  requirements, (3 )  methods and 
procedures ,' ( 4 )  equipment, and ( 5 )  data in t e rp re t a t ion  and handling. 
f i rs t  two categories  are nearly completed, 

The 

C. TRAINIMG 

Radiation pro tec t ion  o r i en ta t ions  and t r a in ing  l ec tu re s  on the  general  radia- 
t i o n  work procedure were presented t o  308 Building personnel, 
l ec tu re s  were given t o  12 Transportation personnel i n  the  384 Building, 

Orientation 

The course "Radiation Protect ion Training f o r  Exempt Personnel" was s t a r t e d  
on September 16 with an enrollment of about 25 persons, A re f resher  t r a in -  
ing course f o r  rad ia t ion  monitors w a s  also s t a r t ed  on September 1 5 .  

Two l ec tu re s  on t h e  Columbia River Emergency Plan were presented t o  40 RPO 
exempt personnel. Four evening emergency t r a in ing  sessions on simulated 
problems were attended by 35 RPO exempt personnel,  

A four-hour "Fallout She l te r  Meeting", presented by the  University of Washing- 
ton  f o r  t h e  Department of Defense, w a s  at tended by K, R ,  Heid, 

D ,  SIGNIFICANT REPORTS 

Hw-80991, "Evaluating Radiological Conditions i n  t h e  Vicini ty  of Hanford 
f o r  1963", R e  H. Wilson, Edi tor ,  

Hw-80892-8, "Radiological S ta tus  of  t he  Hanford Environs f o r  August 1964" , 
R. F. Foster.  

HW-83047, "Single X-ray Pulse Response of Radiation Monitoring Instruments", 
P. E. Bramson, September 2 , 1964 

HW-84335, "Radiation Monitoring Mont-hly Report ,  August 1964", A. J ,  Stevens a 
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HW-83970, URevicv o f  300 Area Ehergency Plans", C, Lo Brown, K. R .  Heid sad 
and R. L. Junkins. 

Radiological Dcvclopaent and Calibrat ions Summary of Technical Act iv i t ies  Re-  
port for CY 1963, C. M. Unruh. 

O p e r a t i n g  Instructions f o r  the Flash X-ray, P. E. Bramson. 

AR Keenc:np 
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FINANCE AND ADMINISTRATION OPERATION 

ACCOUNTING 

Cost Accounting 

A f i rm f inanc ia l  plan was received by RLOO-AEC f o r  FY 1965. 
a summary of program funds included f o r  Hanford Laboratories: 

Following i s  

(Amounts i n  thousands) 

04 Program 
R&D 
Equipment 
I U '  s 

05 Program 
R&D 
Equipment 
I U '  s 

06 Program 
E&D 
Equipment 

0 8  Program 
R&D 
Equipment 

$16 0 7 6  
1 090 
2 6 5 3  

1 694 
300 

4 

3 570 
27 5 

500 
40 

Detai ls  of the  above amounts have been furnished Hanford Laboratories '  
management . 

Control budgets f o r  September were adjusted t o  r e f l e c t  the f i rm f inanc ia l  
plan.  

Control budgets w i l l  a l s o  be adjusted t o  r e f l e c t  the t ransfer  of m a i l  and 
dupl icat ing functions from IPD. 

The following 04 Program codes were es tab l i shed  during the month: 

.11 Microwave Detection of Coolant Impurit ies 

. 24  Phoenix Fuel 

. 2 8  Pu and U-233 Fueling 

UNCLASSIFIED 
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Additional authorizations were received for the following special requests: 

.1V PRDC Graphite Irradiations $30  000 

.3N Basic Cermet Studies (NASA) 50 000 

.3F Fog Cooling of Fuel Elements (AEC/AECL) 25 000 

General Accounting 

The following letters were approved by the Atomic Energy Connnission: 

Approval No. AT-361 Assistance to Washington State Approved 
University - Dr. Archie S. Wilson 9 - 1 8 - 6 4  

Approval No. AT-362 U02 Compaction Work for General Approved 
Electric Company 10- 1-64  

OPG 3 . 5 . 2 ,  Tuition Refund Program, was revised and issued during the month. 

Hanford Laboratories' net material investment at September I, 1964 totaled 
$27.7 million as detailed below: 

(In thousands) 

SS Material $26 4 6 4  
9 54  

Yttrium 26 
Sub to tal 27 7 8 9  

Reactor & Other Special Materials 
Spare Parts . 345 

Reserve: Spare Parts $88 
Yttrium - 26 ( 1 1 4 )  

Net Inventory Investment $27 6 7 5  

The cumulative value of nuclear material consumed in research by Hanford 
Laboratories during FY 1965 (at September 1, 1 9 6 4 )  is shown below: 

0 2  Program $ (1 8 5 2 )  
0 3  Program 7 4  447 

\ 04 Program ( 2 7 3  0 4 3 )  

Total $(200 448)  

The credit in the nuclear material consumed in research account is due 
primarily to return of material to Redox at full value d u r i n g  the month 
of August. 

UNCLAS S IF IED 
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Arrangement2 were completed f o r  the  quar te r ly  inventory of reac tor  and other  
spec ia l  mater ia l  i n  custody of Hanford Laboratories as of the end of Sep-  
tember, 1 9 6 4 .  This w i l l  be a "ce r t i f i ca t ion"  type inventory except f o r  an 
inventory of mater ia l s  within the Chemical Laboratory ( 7 6 0 0 )  component, which 
was "witnessed" on September 3 0 ,  1 9 6 4 .  The primary difference between the 
two inventories i s  the ac t ive  pa r t i c ipa t ion ,  o r  lack of i t ,  by Financial  
personnel. Upon rece ip t  of t h e  requested information and reconci l ia t ion  
with Hanford Laborator ies '  f i nanc ia l  records,  a report  of r e su l t s  w i l l  be 
issued. 

The physical inventory of movable catalogued equipment i n  the custody of 
Radiation Protect ion and Biology Laboratory was s t a r t e d  during the month of 
September. The physical  count of Radiation Protect ion equipment i s  complete 
and the  reconci l ia t ion  is  i n  progress.  The physical count of Biology Labora- 
to ry  equipment s t a r t e d  on September 28  and w i l l  extend through October 20,  
1 9 6 4 .  

The s t a t u s  of Hanford Laborator ies '  heavy water inventory a t  September 3 0 ,  
1964 i s  as follows: 

Current Month FY t o  Date 
Pounds Value Pounds Value 

Beginning Balance 31 596 $ 4 2 1  6 4 4  3 2  7 6 2  $447 572 
Acquisit ions 27 4 3 8  376 9 9 8  27 4 3 8  376 9 9 8  
Scrap Returns (SROO) 
Consumption -1) 

PRTR: Loss (1 300) ( 1 7  9 7 9 )  ( 2  4 6 6 )  ( 3 4  1 0 3 )  
Sc r ap ( 4  3 7 5 )  ( 1 4  1 7 9 )  

Ending Balance - 2 )  57 7 3 4  $776  288  57 7 3 4  $776 288 

(1- Consumption - Scrap r e f l e c t s  amount charged t o  Cost only. 

( 2 -  Includes 1 4 , 0 3 9  pounds of  heavy water scrap valued a t  $ 1 3 4 , 7 6 0 .  

The l o s s  and scrap amounts shown above under current  month a re  estimated 
i n  absence of a physical  inventory a t  September 3 0 ,  1964. The t en ta t ive  
plans by PRTR a r e  t o  take a physical  inventory around October 12  when the 
reac tor  is scheduled t o  be down. 

Savannah River Operations Of f i ce ' s  ca lcu la t ion  on the l a s t  heavy water 
shipment made i n  June indicated rece ip t  o f  1 2 6 . 6 0  pounds higher than the 
HAP0 computed weight, consequently, a c red i t  t o  Cost of $869  was made 
during September. 

UNCLASSIFIED 
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- 
Laboratory Storage Pool a c t i v i t y  i s  summarized as  follows: 

Current Month FY t o  Date 
Quant i ty  Value Quantity Value 

Beginning Balance 1 884 $1 531 546 2 027 $1 493 571 
I t e m s  Received 168 45 073 39 7 166 869 
Items Reclaimed by Custodians (24) (13 035) (210) (22 879) 
Equipment Transfers (53) (5 552) (110) (47 770) 

(127) (27 302) 
Items Disposed by PDR (29) (1 392) (31) ( 5  849) 
Items Disposed by Excessing - 

1 946 $1 556 640 1 946 $1 556 640 -1 - - End ing Ba 1 anc e 

(1- Includes 171 i t e m s  valued a t  $119,589 on loan a t  September 30, 1964. 

Loans & Transfers  i n  . Current Month FY t o  Date 
Lieu of Purchases Va lue  - Quantity Value Quantity 

Loans 12 $ 3 248 45 $ 24 998 
Transfers  53 - 5 552 110 - 47 770 

Tota l  

Operating Costs (8-30-64) 

155 $ 72 768 - 65 $ 8 800 - 
$ 1 488 - $ 2 872 

Laboratory Storage Pool mater ia l  and equipment a t  September 30, 1964 to ta led  
$2.6 mil l ion  as de t a i l ed  below: 

Equipment $1 556 640 
Reactor & Other Special  Materials 262 491 
SS Material 154 800 
Other Material  541 026 
Exotic Material  56 063 

Tota l  $2 571 020 

A value of 25% ($56,063) was es tab l i shed  for materials  received from the 
Boeing Company during the month of September. 
Exotic Mat.eria1 cons is t ing  of Columbium, Molybdenum, Inconel,  and Hastelloy, 
is  physical ly  located and control led by the Laboratory Storage Pool. 
journal  en t ry  was prepared during the month es tab l i sh ing  t h i s  amount 
($56,063) i n  the inventory account (0417) with an o f f se t t i ng  entry t o  2790 - 
Cost - Pr io r  Month's Operation. 

This mater ia l  c l a s s i f i e d  as 

A 
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New money u s  authorized General Electric on projects as follows: 

CAH-100 High Temperature Lattice Test Additional $30,000; 
React o r  making a total of 

$50 , 000. 

CAH-153 Plutonium Recycle Critical Facility $19,500. 
Irradiated EBWR Fuel Handling 

The following contracts were processed in September: 

DDR-192 Wah Chang.Corporation 
SA-360 Turco Products , Inc. 

MRO- 78 RCA Service Company 
MRO- 79 Philips Electronics and Pharmaceutical Industries Corp., 

Philips Electronics Instruments Division 

Personnel Accounting 

Effective September 1, 1964, responsibility for the administration of the 
Employee Payroll Status Change forms in conformance with the Company salary 
plan was transferred from Personnel Accounting to Technical Compensation. 

Patent awards were made to the following employees: 

L. R. Vancott (transferred) HWZR 1390 Rectangular Wire Pressure Roll 

D. T . Aase EWIR 1685 Nuclear Reactor Fuel Element 
R. J. Hennig 
J. A. Christensen (resigned) HWIR 1597 Direct Energy Conversion 
J. 0. McPartland 
L. A. Pember 

Assemb 1 y 

11 f B  II I 1  I t  

1 1  I t  I t  I t  

II II I 1  I t  

Suggestion awards in the total amount of $2,165 were paid t o  21 employees. 
There is a balance of $406 remaining from the $11,000 authorized f o r  Han- 
ford Laboratories' Suggestion Awards f o r  the calendar year of 1964. 

W. J. Flicek, M. S. Ghent, and I. Lierman retired effective October 1, 1964. 

Personnel statistics follow: 

UNCLASSIFIED 
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Employee Changes Tot a 1 Exempt Nonexempt 

Employees a t  beginning of month 
Additions and t r a n s f e r s  i n  
Removals and t r a n s f e r s  out  

1 8 4 1  810 1 0 3 1  
41 16 25 

35 

1 0 2 1  

- 36 

1 811 790 

- 7 1  - 
- - - Employees a t  end of month 

Overtime Payments During Month 
Sep t ember August 

Exempt 
Nonexempt 

$ 4 183 $ 5 500 
32 152 30  183 

T o t a l  $ 35 683 

Gross Payro l l  Paid During Month 

Exempt 
Nonexempt 

$ 816 549 $ 819 612 
726 187 592 679 

T o t a l  - $1 542 736 $1 412 291 

P a r t i c i p a t i o n  i n  Employee Benef i t  
Plans a t  Month End 

Pens ion  
Insurance P lan  - Personal  

U.  S. Savings Bonds 
- Dependent 

Stock Bonus Plan 
Savings Plan 
Savings & Secur i ty  Plan 

Good Neighbor Fund 

Sep t emb e r 
Number Percent 

August 
Number Percent  

1 706 99.3 

1 419 99.7 
3 84 

1 702 99 .4  

1 420 99 .7  
39 1 

158 34.5 
70 3.9 

1 185 87.5 
1 297 71.5 

153 34.5 
7 1  3 .9  

1 213 86.8 
1 325 71.9 

September 
Numb e r 

August 
Number Amount 

Insurance Claims 
Amount 

$15 502 
83 5 

3 486 

a 863 

$28 686 

Employee Bene f i t s  
Life Insurance 
Weekly Sickness & Accident 
Comprehensive 

Dependent Benef i t s  
Comprehensive Medical 

$ -0- 
' 8  62 1 
54 3 481  

1 
10 
45 

90  

146 

- 
- - 

98 9 988 

160 $14 090 

- 
- - T o t a l  
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TECHNICAL ADMINISTRATION 

Sixteen nonexempt employment requis i t ions  were f i l l e d ;  89 remain t o  be 
f i l l e d .  

Suggestion Plan a c t i v i t y :  

Suggestions received 
Suggestions adopted 
Suggestions re jec ted  
Suggest ions i n  process 

36 
20 
16 

108 

Vis i to r s  Center a c t i v i t y :  

September attendance 1 443 
Average attendance p e r  day open 55 
Cumulative attendance s ince 6-13-62 79 538 
Conducted groups 1 ( to t a l ing  1 person) 

Plant  t ou r  a c t i v i t y :  

Number Tota l  People 

General. Public Relations Tours 
Special  Tours 

1 18 
7 120 

Overall r ec ru i t i ng  r e s u l t s  f o r  September a r e  a s  follows: 

Offers extended 
Offers accepted 
Offers re jec ted  
Added t o  r o l l  

Advanced Degree - Two Ph.D. appl icants  v i s i t e d  HAP0 f o r  employment in te r -  
views. Two o f f e r s  were extended; two acceptances and f i v e  re jec t ions  
were received. Four o f f e r s  are  cur ren t ly  open. 

BS/MS (Direct Placement) - Two o f fe r s  were extended. There were no re jec-  
t i o n s  and one acceptance;one o f f e r  i s  cur ren t ly  open. 

BS/MS (Program) - No o f f e r s  were extended. No o f f e r s  were accepted and no 
o f f e r s  were re jec ted .  There i s  one o f fe r  cur ren t ly  open. 

Technical Graduate Program - Four Technical Graduates were placed on per- 
manent assignment. Two new members were added t o  the  r o l l  and one termi- 
nated from the r o l l .  Current Program numbers 39. 

UNCLASSIFIED 
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H. A. Pauhen  attended the  annual Research Personnel Compensation Survey 
meeting a t  Columbus, Ohio. 

FACILITIES ENGINEERING 

A t  month end, F a c i l i t i e s  Engineering Operation was responsible fo r  13 ac t ive  
p ro jec t s  having t o t a l  authorized funds i n  the  amount of $10,729,000. 
t o t a l  estimated cos t  of these p ro jec t s  i s  $11,880,000. Expenditures through 
August 31, 1964 were $4,640,000. 

The 

The following surmnarizes p ro jec t  a c t i v i t y  i n  August: 

New p ro jec t s  submitted t o  the  AEC i n  August ----------------- 1 
CAH-155, Services f o r  Biology Laboratory F a c i l i t i e s  - 

300 Area 

New p ro jec t s  awaiting MC approval - -- - - - - - -- - -- - - -- - - -- -- -- - 2 
CAH-123, Laboratory F i r e  Protection System 
CAH-155, Services f o r  Biology Laboratory Fac i l - i t i e s  - 

300 Area 

Pro jec t  proposals being prepared . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Geological and Hydrological Wells - FY 1965 
Power Supply - Million Amp Welder 
PRTR Increased Power Level 
Shielded Creep Test F a c i l i t y  - 3707-C Building 
Variable Spectrum Test Reactor 
309 Building - Experimental F a c i l i t y  Addition 

The s t a t u s  of a c t i v e  p ro jec t s  follows: 

CAH-LOO High Temperature L a t t i c e  Test Reactor 

Design i s  86 percent complete compared t o  a scheduled 94 percent.  
dum t o  the  Phase I bid package was issued on September 15. The addendum.. 
included 31 drawing changes, one new drawing, some language changes, and an 
extension of t he  b id  opening da te  t o  September 30, 1964 .  In  order  t o  reduce 

An adden- 
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, 

cos ts  the Cgmmission removed the ground cover, underground spr inkler  system, 
and exposed aggregate bui lding ex te r io r  from the Phase I package. Bids were 
opened September 30. The apparent successful  low bidder with a bid of 
$782,000 was George A. Grant Construction Company. The Government Fa i r  Cost 
Estimate was $905,000. Phase 11 equipment and construct ion drawings a re  now 
being received by the Company f o r  review and comment. The f i r s t  s t e p  of a 
two-step bidding procedure f o r  procurement of the PMARS equipment was issued 
t o  prospective bidders on September 1. Replies a re  t o  be received by October 
15. They a r e  t o  contain complete technical  proposals but a r e  not t o  include 
p r i ce  information. 

A Work Authority rev is ion  was received authorizing the Company $50,000 f o r  
performance of a l l  assigned functions.  O u r  most recent request was f o r  
$75,000. Eliminated was our technical  guidance of design and project  f i e l d  
service during construct ion and fabr ica t ion  of graphite.  

CAH-114 C r i t i c a l  Mass Laboratory Addition 

The pro jec t  proposal submitted t o  the Commission on November 4 ,  1963 was 
returned unapproved by the AEC on September 28, 1964. 

CAH-116 PRTR Decontamination and D20 Cleanup 

Design is  complete. The de ta i l ed  design drawings were approved by the Com- 
pany on September 9.  Project  funds i n  the amount of $136,000, t o  cover the 
cost  of the  D20 cleanup system, were authorized on September 8. A revised 
Work Authority authorized Vi t ro  an increase i n  design funds from $43,500 t o  
$50,000. It a l s o  s t a t e s  the  CPFF Construction Service Contractor w i l l  pro- 
cure and i n s t a l l  the  D20 cleanup system. 

CAH-119 PRTR Storage Basin and Experimental F a c i l i t i e s  Modifications 

Design is  about 96 percent complete. It was scheduled t o  be completed on 
June 15, 1964. Vi t ro  i s  performing de ta i l ed  design of the heating and 
v e n t i l a t i n g  system. 

Construction i s  8 percent complete. A construct ion schedule has not been 
issued. Work was slowed considerably by the p i p e f i t t e r s '  s t r i k e  and de- 
layed rece ip t  from Vi t ro  of an approved method of excavating and shoring 
the bas i n  area.  

CAH-123 Laboratory F i r e  Pro tec t ion  System 

The pro jec t  proposal was t ransmit ted t o  the Commission on March 3 ,  1964. 
No ac t ion  has been taken by the Commission. 

UNCLASSIFIED 
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CAH-126 Waste Transport System 

Design i s  63 percent complete compared t o  a scheduled 68 percent.  
of the  loading and unloading f a c i l i t i e s  and r a i l road  is  progressing. Three 
information drawings have been received on the loadout f a c i l i t i e s .  

Design 

CAH-136 Service Addition - 327 Buildinq 

Design i s  89 percent complete compared t o  a scheduled 95 percent. Infor-  
mation drawings of the general  a r ch i t ec tu ra l  fea tures  and furn i ture  loca- 
t ions have been received . 
CAH-137 Temporary Physical Sciences Center 

Design is  60 percent complete. There i s  no design schedule. J .  A. Jones 
has i n i t i a t e d  procurement of materials and equipment. No project  work has 
been performed a t  the bui lding s i t e .  

CAH-146 Atmospheric Physics Building 

The design c r i t e r i a  document was reviewed with the Comission on September 
15, preparatory t o  negot ia t ing a cont rac t  with an archi tect-engineer ing 
firm. The c r i t e r i a  need t o  be revised by the Company. It is ant ic ipa ted  
a cont rac t  w i l l  be awarded before the  end of October. 

CAH-151 Off ice  Addition - 308 Building 

Design is  91 percent complete compared t o  a scheduled 94 percent.  
information drawings have been received fo r  comnent. 

Thir teen 

CAH-153 Plutonium Recycle C r i t i c a l  F a c i l i t y ,  I r r ad ia t ed  EBWR Fuel Handling 
Svstem 

A d i r e c t i v e  dated September 8 authorized the pro jec t  with t o t a l  funds in  
the amount of $40,000. A Work Authority dated September 15 authorizes the 
Company $19,500 f o r  t o t a l  design and f o r  procurement of the on-s i te  cask. 

CAH-155 Services f o r  Biology Laboratory F a c i l i t i e s  - 300 Area 

The design c r i t e r i a  document and project  proposal were transmitted t o  the 
Comnission f o r  review and approval on Sep tember  18 and September 23, 
respect ively . 
CAH-916 Fuels Recycle P i l o t  Plant  

Construction i s  77 percent complete compared t o  a scheduled 65 percent.  
p i p e f i t t e r s '  s t r i k e  slowed construct ion progress.  The contractor  poured 

The 
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concrete i n  the Metal lurgical  and Hot P i l o t  Cel l s  wal l s .  The elevator  door 
frames and Pyrochemical Ce l l  s t a i n l e s s  s t ee l  l i n e r  were i n s t a l l e d .  
pa in te rs  a r e  applying topping cement on the i n t e r i o r  concrete block wal ls  
and are  continuing t o  apply pa in t  throughout the building. The p l a s t e re r s  
a r e  construct ing p a r t i t i o n s  throughout the adminis t ra t ive and change room 
areas. 

The 

CAH-962 Low Level Radiochemistry Building 

Construction i s  23 percent complete compared t o  a scheduled 26 percent.  All 
of the  precas t ,  exposed aggregate wal l  panels have been poured and a r e  cur- 
r en t ly  being erected.  Erect ion of the  s t r u c t u r a l  s tee l  frame was completed. 
E lec t r i ca l  and sheetmetal work i s  continuing i n  the  basement area.  The 
p i p e f i t t e r s '  s t r i k e  delayed progress and caused changes i n  work schedules. 

CAH-977 F a c i l i t i e s  f o r  Radioactive Inhalat ion Studies and 
CAH-982 Additional Radionuclide F a c i l i t i e s  

The revised pro jec t  proposals were issued by the  Commission. A separate  
proposal (CAH-155) was prepared t o  provide temporary u t i l i t i e s  t o  the two 
f a c i l i t i e s .  The Commission. i s  in tegra t ing  these two pro jec ts  and project  
proposal CAH-155. 

Engineering Services and Plant  Engineering 

Engineering work was performed i n  support of design and construct ion on 
act ive p ro jec t s ,  p ro jec t  proposals,  preliminary planning, 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: (1) f i e l d  consul- 
t a t i o n  and review of vendor drawings f o r  pro jec ts  CAH-916, Fuels Recycle 
P i l o t  P l a n t ,  ZAH-962, Low Level Radiochemistry Building, and CAH-151, 
Off ice  Addition, 308 Building; (2)  reviewed t h e  high temperature f i l t e r  
spec i f i ca t ion  f o r  pro jec t  CAH-100, the High Temperature La t t i ce  Test  Reac- 
t o r ;  (3) prepared a second d r a f t  of the funct ional  spec i f ica t ion  f o r  use i n  
procuring underwater inspect ion and cu t t i ng  equipment f o r  project  CAH-119, 
PRTR Storage Basin and Experimental F a c i l i t i e s  Modification; and ( 4 )  rewrote 
the  design c r i t e r i a  f o r  pro jec t  CAH-146, Atmospheric Physics Building. 

F a c i l i t y  planning and budget study work included: (1) preparation of a 
study t o  develop more usable space f o r  the operating groups i n  the 314 
bui lding;  (2) completion of a study f o r  addi t iona l  raw water supply t o  
the  324 bui lding;  and (3) ass i s tance  given i n  the preparation o f  two addi- 
t i o n a l  construct ion da ta  sheets  f o r  a t o t a l  or f i v e  proposals f o r  the  
Poodle Thruster  t e s t  f a c i l i t i e s .  
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Engineering and consul t ing work was provided t o  research and development 
personnel as  requested. Major work items included: (1) a spec i f ica t ion  
was wr i t t en  t o  procure an annunciator f o r  process monitoring i n  the 325 
building;  (2) an o f f - s i t e  t r i p  was made t o  the vendor's plant  t o  confer 
on design problems concerning the  321 building Computer T r a i l e r ;  (3) plan- 
ning of a mobile f a c i l i t y  f o r  a i r  monitoring equipment f o r  on- and o f f - s i t e  
u s e ,  including loca t ing  an excess Army four-wheel f l a t  bed t r a i l e r ;  ( 4 )  
designing an extended reach sample holder for use  i n  the 324 building Waste 
Calcine Demonstration; (5) study of  a proposed modification t o  the 325 
building t o  accommodate promethium; and (6)  review of a sample.glove box 
design f o r  use  with the low bay c e l l  i n  the 324 building. 

Plant  engineering work during the month included: (I) revis ion of the con- 
t r o l  c i r c u i t r y  for 325 building d i e s e l  generator to  provide more r e l i ab le  
s t a r t i n g  and switching operations f o r  the u n i t ;  (2) c i r c u i t r y  changes were 
developed t o  provide a method of i n i t i a t i n g  the 306 c i v i l  defense evacu- 
a t i o n  system from the 306 building,  i n  addi t ion to  control  from pa t ro l  
headquarters;  ( 3 )  e l e c t r i c a l  changes were suggested t o  reduce the cost  of 
the A-E's d e t a i l  design f o r  the  3718 building addi t ion;  ( 4 )  a layout of 
p a r t i t i o n s  and room l i g h t s  was provided f o r  the maintenance work on t h e  
3201 building;  and (5) comments were made on a Vitro drawing of the 300 
Area c l a s s i f i e d  scrap inc inera tor .  

Consulting serv ices  f o r  o ther  departments included assis tance on: prepara- 
t i o n  on an au thor iza t ion  request f o r  a proposed e lec t ron  microscope in s t a l -  
l a t i o n  i n  the 326 building and a l e t t e r  was wr i t t en  to  NRD indicat ing recom- 
mended changes t o  the  109-N building ven t i l a t ion  systems t o  a l l e v i a t e  high 
temperature conditions i n  the c e l l s .  

Pressure Systems 

Fie ld  work and cos t s  are on schedule and within the estimated amount f o r  
the Containment Systems Experiment. Section 1 and the head end of the 
221-T building a r e  now i n  a condition wherein no SWP c lo thes  a re  required.  
The Chicago Bridge and I ron  shop drawings were reviewed and comments sub- 
mit ted.  Two meetings were held with C B & I  representat ives  t o  c l a r i f y  
questions on the s t r e s s  ca lcu la t ions .  Negotiations between J. A. Jones 
and Struthers-Wells concerning the simulator vesse l  a r e  s t i l l  pending. 
C la r i f i ca t ion  of technical  questions has not been received from Struthers-  
Wells. The design e f f o r t  f o r  systems associated with the vessels  i s  being 
conducted by Vi t ro .  Piping flow diagrams have been reviewed and comments 
a re  being incorporated by Vitro.  

On September 17 the  High Temperature Gas Loop i n  the 314 building was placed 
in  operation a t  temperatures t o  2050° F.  A large leak developed i n  the p r i -  
mary piping and the loop was shut down. Due t o  new mater ia ls  used in  t h i s  
loop, it has not received th i rd-par ty  approval, 
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Design has been completed f o r  the  High Pressure Furnace Prototype i n  the 
308 bui lding and bids  w i l l  be opened on October 15. 

The drawings f o r  the  Liquid Sodium Loop i n  the 314 D-ilding have been com- 
mented upon. 
on October 14. 

The loop design w i l l  be submitted f o r  third-par ty  approval 

Eleven vesse ls  were inspected by the th i rd-par ty  inspector during the  month 
A l l  vesse ls  were found t o  be sa t i s f ac to ry  f o r  service.  

Fac il i t  ies Opera t ion 

Costs f o r  the month of August were $140,447, which i s  88 percent of the 
forecast  f o r  the month. The cos ts  f o r  the f i r s t  two months of FY 1965 were 
$279,245, which i s  77 percent of the predicted year-to-date. 
i n  maintenance a c t i v i t y  is  r a i s ing  the ac tua l  cost  l eve l  toward the pre- 
d ic ted .  
seen i n  the  next few months. E l e c t r i c i t y  predict ions are being lowered, 
and appropriate  r en ta l  reductions are being made. This change r e f l e c t s  the 
ac tua l  Bonneville power b i l l i n g  a s  compared with the Richland Power and 
Light r a t e  schedule which had been an t ic ipa ted  as  being i n  e f f e c t  t h i s  year 
f o r  the  labora tor ies .  

The increase 

The impact of the 3201 bui lding improvement maintenance should be 

Safety correct ions have been made t o  a l l  entrances a t  329 building. 

A second 80 Rfhr f i l t e r  was removed from 327 bui lding.  A study has been 
i n i t i a t e d  t o  simplify removal of the highly radioact ive f i l t e r s  from t h i s  
building. 

New telephone p a i r s  have been added t o  328 bui lding.  

Waste Disposal 

The following t ab le  summarizes the  Waste Disposal Operation: 

I t e m  Ju ly  - 
Concrete waste ba r re l s  disposed t o  
300-wye b u r i a l  ground 0 

Concrete waste ba r re l s  disposed t o  
200-W bur i a l  ground 9 

Loadluggers of dry waste disposed t o  
300-wye bur i a l  ground from 300 Area 
s i t e s  o ther  than the 325 bui lding 33 

August 

10 

0 

41 

I 2 2 9 1 3 2  



UNCLASSIFIED G- 14 HW- 8429 1 

- I t e m  J u l y  Aunus t - 
Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from the  325 
building 

Loadluggers of dry waste disposed t o  
200-W b u r i a l  ground from 300 Area 
s i tes  

7 

7 

Containers of high leve l  dry waste 
disposed t o  300-wye b u r i a l  ground 
waste tanks 96 

7 

6 

7 5  

Crib waste volume, gal lons 300 000 245 000 

No unusual inc idents  occurred during the month. 

The' large dry waste d isposa l  tanks a t  the 300-wye b u r i a l  ground a re  now in  
use. To da t e  w e  have had no problem in g e t t i n g  the  waste boxes t o  t r a v e l  
t o  the  bottom of the  tanks.  

There was some Beryllium waste from the  306 building deposited i n  the regular 
Beta-Gamma b u r i a l  trench a t  the  300-wye b u r i a l  ground during the month. Per- 
mission was granted by the  Safety Engineer f o r  t h i s  operation. 

None of t he  r e t en t ion  basins  exceeded the  Class I1 a c t i v i t y  leve ls  during 
the month. 

All components of the r e t en t ion  waste monitoring systems which have f a i l e d  
are being returned t o  the  vendor. Return of the  alpha de tec tors  has been 
delayed by the  p i p e f i t t e r s '  s t r i k e .  

Building Operat ions 

Many preventative maintenance procedures were accomplished during a recent 
r eac to r  shutdown i n  the  3 1 2  and 315 bui ld ings .  Revisions a re  being made 
t o  the microphotometers t o  improve t h e i r  accuracy a t  the f i l t e r  p lan t .  

Leaks i n  the  reheat  c o i l s  of 01 and 3 un i t s  a t  306 building and in the  306 
building roof u n i t s  were repaired.  Excessive noise from the supply and 
exhaust un i t s  of 306 building has required shu t t ing  these un i t s  down during 
recent  tours .  

I n  325 building the prec is ion  water s t i l l  was repaired and cleaned, a l l  
major steam valves were repacked, and a f au l ty  1" nipple was renewed on 
the base of the lab vacuum tank. 
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The d i e s e l  emergency generator i s  being tes ted  each week on a rout ine 
bas i s .  

A new o f f i c e  supply motor was in s t a l l ed  i n  the 328 building 

A t e w  expansion valve and control  were in s t a l l ed  on "C" sec t ion  r e f r ige ra t ion  
i n  the  329 bui lding.  

I n  3760 bui lding temporary repa i rs  were completed t o  #9 booster c o i l  pending 
rece ip t  of a new c o i l .  No. 1 supply f o r  wash pump and motor was overhauled. 
No. 2 w i l l  be overhauled during October. 

A l l  HL buildings normally serviced by t h i s  group were checked f o r  winter 
operat  ion. 

Draft  in& 

The equivalent of 161 drawings was produced during the month f o r  an average 
of 26 man-hours p e r  drawing. 

Major designs completed o r  i n  progress a re :  (1) a powder processing glove 
box l i n e ;  (2) a high temperature furnace f o r  the  NASA program; (3) FRPP 
service piping t o  waste s o l i d i f i c a t i o n  equipment; (4)  underwater measuring 
equipment f o r  ca l ib ra t ing  element's i n  N Area; ( 5 )  e l e c t r i c a l  work f o r  waste 
s o l i d i f i c a t i o n  equipment i n  FRPP; (6) mock-up of equipment i n  FRPP pyro- 
chemical c e l l ;  (7) scope work f o r  equipment layout f o r  PRTR increased power 
l eve l ;  (8)  a sodium pump t e s t  f a c i l i t y  i n  PRTR; (9) a c r i t i c a l  mass expan- 
s ion  tank f o r  bui lding 209-E; and (10) a scope design f o r  the polonium hood 
comp 1 ex. 

Drafting service was a l s o  supplied i n  support of o ther  laboratory engineer- 
ing programs. 

Construct ion 

Unexpended 
Balance 

Orders outstanding beginning of month $724 515 
Issued during the  month ( i n c l .  suppl.  & a d j . )  178 869 
J .  A. Jones expenditures during month 

(includes C . O .  c o s t )  151 719 
Balance a t  month end 751 665 
Orders closed during month 91 075 

Maintenance Work Orders ac t ive  - 6 ,  Face Value - $18,764. 
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Major nonproject jobs i n  progress during the  month were: (1) i n  the  LOO 
Areas - an e l ec t ron  microscope room i n  the 108-F building, men's and 
women's rest rooms f o r  t he  141-M bui ld ing ,  remodeling of dog pens and 
runs i n  the  141-F bui ld ing ,  an intercom system f o r  the  141-F building, 
t e s t i n g  of new f i r e  de tec t ion  systems i n  f i v e  buildings i n  the  100-F Area, 
completion of modifications t o  a dark room i n  the  1706-KEL building, and 
minor work t o  stairway and e l e c t r i c a l  se rv ices  i n  the 189-D building; and 
(2) i n  t he  300 Area - e l e c t r i c a l  bus work has been i n s t a l l e d  f o r  a new 
rect i f ier  f o r  t h e  a r c  m e l t  furnace i n  the  306 building, work is  progressing 
during r eac to r  shutdown periods on hydraulic snubbers, access manholes and 
a corrosion f i l m  loop f o r  the  309 bui ld ing ,  80 percent of the r epa i r  and 
recoating work f o r  t he  e x t e r i o r  of the  containment ves se l  i s  completed, a 
computer t r a i l e r  has been del ivered and posit ioned by the  321 building, two 
o f f i c e s  i n  the  con t ro l  room have been enlarged i n  the  325 building, i n  the 
325 building a stairway has been constructed i n  co r r ido r  number 5 t o  the  
basement, t h ree  o f f i c e s  were modified i n  the  328 building, t he  entrances t o  
the  329 building have been modified and enlargement of the  gas b o t t l e  dock 
is 50 percent complete, a personnel change and survey building i s  being 
erected next t o  the  340 building, p a r t i t i o n s  and change doors a re  being 
constructed i n  the  3717-B building,  and an add i t ion  has been completed i n  
the  3718-C warehouse. 

Construction work i s  completed f o r  i n s t a l l a t i o n  of magnetic flow and rad i -  
a t i o n  meters. S ix  alpha de tec to r s ,  one Texas recorder,  and one count-rate 
meter a r e  being returned t o  the  vendor because of malfunction. 

Well D r i l l i n g  Program 

The design c r i t e r i a  f o r  t he  FY 1965 program is being routed for approval 
and the  p ro jec t  proposal rough d ra f t ed .  

Waste S o l i d i f i c a t i o n  Engineering Prototype 

A s  the p i p e f i t t e r s  were on s t r i k e ,  there  was no progress t h i s  month on t h i s  
program. 

GENERAL 

There were no repor t s  of invention o r  discovery during the  month. 

Acting M a e r  
Finance and Administration 

DS Pars1ey:RMI:whm 
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REACTOR DEVELOPBENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operat ion 

Reactor output f o r  September w a s  1,587 MWD f o r  an experimental time 
e f f i c i ency  of 83% and a p lan t  e f f i c i ency  of 76%. There were eleven 
operat ing periods during the  month, e ight  of which were terminated 
manually, two were terminated by scrams and one operating period lasted 
through month-end. A sul~ppary of the f u e l  i r r a d i a t i o n  program as of 
September 30, 1964, follows: 

In-Core 
Maximum 
Average 

In  Basin 
Buried 
Chem. Process. 

Program Totals 

Program 
Al-Pu u02 PU@-U@ Other Totals 

No. MWD No. MWD E - -  No. MWD No. MWD -- 
0 7 1842.1 77 13426.5 84 15268.6 

7 572.5 26 2687.1 46 5334.5 79 5594.1. 
1 7.3 1 7.3 

7431.6 68 3465.8 2 1965.8 

75 6038.3 68 6495.0 123 18761.0 1 7.3 267 31301.6 

338 9 0 355 9 8 
263 1, 174 4 

- -  - 

(Note: MWD/Element x 20 'srMWD/TU f o r  UO2 and PuO2-UO2. ) 

Estimated heavy water loss and indicated helium loss f o r  the month were 
1300 pounds and 154,781 s c f . ,  respect ively.  

Equipment Experience 

A to ta l .  of 55 outage hours were charged t o  r e p a i r  work. 
di rec ted  t o  emergency r epa i r s  with minimum reac tor  downtime. 
s t i t u t e d  the main r e p a i r  items. 

All outages were 
Valves con- 

Preventiye maintenance required 116 manhours, o r  2.45 of the  t o t a l  
maintenance e f f o r t .  

I n i t i a l  demonstration tests of t he  mocked-up PRTR Tneumatic I r r ad ia t ion  
F a c i l i t y  were made. 
simulated out of r eac to r  piping at  the designed 50 f e e t  per  second. 

A sample capsule w a s  transmitted through the 
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hprovelpent Work Status (Significant Items ) 

Work Completed 

Gatma Scaaner Modifications 
Revision of PFER Exhaust Fan t o  ESnergency Parer  
storage Basin Alann 

Work P a r t i a l l y  Come leted 

Corrosion b o p  Ins ta l la t ion  
Primary Water Sarpple Station 
Shim Rod Shroud t o  Top Cap Modification 
Repair and Recoating of PRTR Containment Vessel Roofing 
Air Lock Door Operators 
Modification t o  PRTR Warehause 37184 
Vibration Snubbers f o r  Earthquake W t e c t i o n  
Supplemental h r g e n c y  Water Addition 
Voltage Off Normal Cetection and Ala.nn fo r  24-Volt Battery System 

Additional Fuel Storage and Examination Fac i l i ty  
Mark I11 Shim Prototype 
Creep Test Fac i l i t y  
nux W i r e  scanning system 
C C e l l  Instrument Tubing Penetration 

Steam Uti l izat ion 

Design Work Completed 

Bypass f o r  LWI: Flaw Switches 
A l a r m  Annunciator - H i g h  He l ium Flow t o  RLT-1 
Thermal Barrier Seal and Hoist lmprwemnts 

Desicpl Work Pa r t i a l ly  Completed 

Ikcontamimation Building and %O Cleanup Fac i l i ty  
Fheumatic Irradiation. Fac i l i ty  
mrrZi Experimental and Building Faci l i ty  Addition 
PFER Increased Parer Level 

Process Engineerfng and Reactor Physics 

Studies i n  support of the high parer density core are  continuing. 
Level Coefficients have been computed fo r  the n o m 1  operating range (90 - 
106 inches) with both clean and borated +O. 
compatible with the requirements of the PRTR control system. 
of using H20 coolant i n  the small core is under study. 

Moderator 

The computed coefficients are  
The f eas ib i l i t y  
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Previous studies have shown tha t  the  existing l i gh t  water injection system 
would be inadequate fo r  the proposed high density core. A study w a s  
completed on the c r i t e r i a  f o r  the l i gh t  water injection system and 
presented several a l ternat ives  f o r  providing an adequate l ight water 
injection system f o r  the high density core. 

ExperFmental Reactor Services 

The status of the various tes t  elements a t  the end of September 1964, i s  
shown below. 
exposure o r  had been permanently discharged f o r  other reasons pr ior  t o  
September 1, 1964, have been deleted from t h i s  table. 

Those elements which had reached t h e i r  assigned goal 

Date Approximate 
Test Channel Element I n i t i a l  Date D i s -  Accumulated 
No. Location Number Description Charge char& MWD - 
14 
14 
14 
48 
54 
54 
61 
61 
61 
67 
80 
85 
37 
37 
37 

1956 
1352 
1758 
1156 
1542 
1554 
v49 
1354 
1445 
1746 
1047 

1855 
1548 
1550 
1552 

5097 
5098 
5099 
5150 
5116 
5118 
5185 
5186 

5230 
1098 
1097 
1099 

Moxt y l  -Swaged 4/2/62 
Moxtyl-Vipac . 5/8/62 
Moxtyl-Vipac 5/8/62 
Moxtyl (4" x *" pads) 8/1/62 
Moxtyl (c l ip  on pads) 5/8/62 
Moxtyl (c l ip  on pads) 5/8/62 
MoXtylA?hysics 5/28/63 
Moxtyl-Physics 5/28/63 
Moxtyl -Physics 6/13/63 
Moxtyl (Repaired Wire ) 10/20/63 
Moxtyl (1% Pu@,Swaged)11/18/63 
Moxtyl (15 Pu02, Vipac) 1/30/64 
uo2-Physics 5/=/62 
U02-Phys i c s  5/12/62 
U02-Physics 5/12/62 

219.3 
326 8 
229.0 
226.9 

355.8 
238.7 

240.9 

232.2 
234.6 
194.2 
191 9 9 
129.2 
220.5 
236.2 
201.0 

ESramination of the band fran Fix1 Element 5118 (6728 MWD/Tu) showed crevice 
corrosion between the bands and between the band and the fuel rods. 

A temporary counting system w a s  set up i n  the FEZW Annex Control Area t o  
scan the irradiated wires from PRTR Test 89. 
of the wires were obtained over the i r  lengths. Samples of the wires were 
sent t o  200 Area f o r  absolute counting in  order t o  obtain absolute flux 
values from the activations.  

Relative ac t iv i ty  prof i les  

Process Rrbe 6084 was examined i n  the Gamma Scanning Facil i ty,  cut up, and 
five sections shipped t o  Radionetallurgy f o r  testing. 
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F b l  Element Rupture Testing Fac i l i ty  

Test #7, I r radiat ion of Longitudinal S l i t  Defected U%, continued 
through September 7 .  
cycled throu& f ive  c r i t i c a l  periods including three in which the reactor 
power exceeded 60 MW. 
The test element was dischdcrged from the loop on September 7, after a scram 
caused by the failure of the pressure control valve. Because of the increas- 
ing number of control valve and small line fa i lures  caused by vibration 
problems, the loop was taken out of service unt i l  the necessary changes could 
be made t o  decrease the frequency of these fai lures .  

During this period Fn September, the fuel element was 

The fuel element was subjected t o  one scram from 63 MW. 

TECIINICAL SHOPS OPEFWrIoN 

Total prcductive't- f o r  the period was 20,782 hours. 
hours performed i n  the Technical Shops, 4,785 hours assigned to J. A. Jones 
Compaay,  and 3,233 hours assigned t o  of f - s i te  vendors. 
20,255 hours, of which 
hours dist r ibuted Over a three-month period. 
totaled 578 hours o r  3.48 of the t o t a l  available hours. 

This includes 12,764 

Total shop backlog is 
is required Fn the current month with the r ek in ing  

Overtime worked during the month 

Distribution of tFme was  as follows: 
Man Hours $ of Total 

N Reactor Ikpartment 
I r radiat ion Processing Department 
Chemical Processing Department 
W o r d  Iaboratories 

14.8 
18.3 

1.5 
65.4 

Total. productive time was 17,200 hours of 18,800 potent ia l ly  available. 
t o t a l  productive t-, 959 was expended in support of Hanf'ord Laboratories 
camponents, with the remaining 5% directed toward providing service fo r  other 
RAP0 organizations. 
3.5% of t o t a l  available hours. 

O f  the 

C r a f t  avertime worked during September was 650 hours or 

Manpower 

A. 
B. 

C. 

ut i l iza t ion  (in hours ) f o r  September w a s  as follows : 

Sh& Work 2 000 
Maintenance 5 900 
1. Preventive Maintenance 2 400 
2. a r g e n c y  o r  Unscheduled Maintenance I 300 
3. No& Scheduled Maintenance 2 200 
R&D Assistance 9 300 

WD Richmond:bk 

1 2 2 9 1 3 9  

UNCLASSIFIED 



UNCLASSIFIED I -  1 

INVENTIONS OR DISCOVERIES 

HW-84291 

All p e r s o n s  engaged in work that  might reasonably be expected to  

r e s u l t  in inventions o r  d i s c o v e r i e s  advise  that,  to  the  best  of t h e i r  knowledge 

and belief,  no inventions o r  d i s c o v e r i e s  w e r e  m a d e i n  the c o u r s e  of t he i r  

work  dur ing  the  per iod  covered  by th i s  r e p o r t  except as l i s t ed  below. 

p e r s o n s  f u r t h e r  advise  that,  for the  period the re in  covered by th i s  r epor t ,  

notebook r e c o r d s ,  i f  any, kept in the  c o u r s e  of t h e i r  work have been 

examined f o r  poss ib le  inventions o r  d i scove r i e s .  

Such 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

C. A. Ratcl i f fe  Count Rate  or Frequency  Mete r  Ci rcu i t  

(HWIR- 17 58) 

Acting Manager ,  Hanford L a b o r a t o r i e s  

U N C L A S SI FIE D 



1 2 2 9 7 4 l  
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