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BUDGET AND COST SUMMARY . 

September  operat ing cos t s  totaled $2,697, 000, a d e c r e a s e  of $103, 000 

o v e r  the  previous month; f i sca l  yea r - to -da te  c o s t s  a r e  $7, 914, 000 o r  24. 570 
of the  $32, 269, 000 control  budget. 

development cos ts  fo r  September compared  with last month and the  control  

Hanford Labora to r i e s '  r e s e a r c h  and 

budget a r e  shown below: 

C O S T  
(Dol la rs  in  
thousands)  

H L  P r o g r a m s  

02 
03 
04 
05 
06 
08 

Sponsored by 

Curren t  P rev ious  % 
Month Month To Date Budget Spent 

$ 89 $ 239 $ 1 1 8 0  
40 42 107 250 

1196 1 2 0 8  3 414 13 485 
127 133 3 69 1 4 5 6 
275 2 69 798 3 604 
9 15 39 100 

1 727 1756 4 966 20 075 

$ 80 2 0% 
43 
25 
25 
22 
39 
25 
- 

NRD 174 167 462 1761 26 
IP D 68 63 187 660 28 
CPD 108 113 338 1 6 6 8 '  - 20 

Total  $ 2 077 $ 2 099 $ 5 953 $ 24 164 2570 

RESEARCH AND DEVELOPMENT 

1. Reac tor  and Fue l s  

I r rad ia t ion  fo r  two months in  a high p r e s s u r e  loop did not signifi- 

cant ly  change the  bulk density of eight exper imenta l  l i thium- aluminum t a r g e t  

e lements .  

Pos t i r r ad ia t ion  examination of f luted tubular  e lements  of t he  N-inner  

s ize ,  which w e r e  i r r ad ia t ed  to 2000 Mwd/ton in  cold water ,  indicated density 
l o s s e s  up t o  77'0 - p r i m a r i l y  by g ra in  boundary t ea r ing .  A n o r m a l  tubular  

1 2 3 3 0 1 2  
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element would probably have fai led a t  a much lower  volume i n c r e a s e  by 
clad necking. 

Pos t i r rad ia t ion  examinations of KSE- 5 elements ,  i r r a d i a t e d  to 
1070-1350 Mwd/ton at t empera tu res  f r o m  525-600 C, showed a 2 .3% volume 

i n c r e a s e  and evidence of s y s t e m s  of pa ra l l e l  m i c r o c r a c k s  within isolated 

uranium gra ins .  
t o  which these  mic roc racks  have contributed to  t h e  m e a s u r e d  fuel volume 
inc rease .  

F u r t h e r  examination will  be requi red  to  es tabl ish the  extent 

Br i t t l e  f r a c t u r e  t e s t s  on N- Reac tor  p r e s s u r e  tube sec t ions  containing 
milled s lo t s  1 . 5  in. in length and 80% through the  wall  thickness resu l ted  in 
f a i lu re  at s t r e s s  values  m o r e  than s i x  t i m e s  t h e  proposed r e a c t o r  operat ing 
s t r e s s .  

In - r eac to r  t e s t s  on Zircaloy-2 confirm tha t  the  c r e e p  rates during 

i r rad ia t ion  approach a s teady s t a t e  va lue  which is independent of path. 

is, the  s teady  s t a t e  c reep  r a t e  during i r rad ia t ion  is a function of t empera tu re ,  

stress, and neutron flux only. Th i s  r e su l t  is predic ted  by t h e  dislocation model 
developed to  explain i n - r e a c t o r  c r e e p  behavior of Zircaloy-2.  

That  

P r e l i m i n a r y  examination of data  f r o m  an e lec t r ica l ly  heated t e s t  
sect ion represent ing  the  downstream half of an N-Reactor  fuel  t r a i n  and 
p r o c e s s  tube indicates  tha t  t he  p r e s s u r e  drops during boiling conditions are not 

as g rea t  as calculated,  a n d  flow instabi l i ty  should b e  a l e s s e r  p rob lem than 
anticipated.  

Graphi te  burnout moni tors  in  B-Reactor  indicated no i n c r e a s e  in burnup 

Savings f r o m  r a t e  us ing  a gas  a tmosphere  containing up t o  60% carbon dioxide. 
reduced  helium l o s s e s  should r e su l t .  

An a l t e rna te  design ( r ing  suppor ted)  Mark  I P R T R  fuel  e lement  continues 
to  resist f r e t t i ng  co r ros ion  a f t e r  184 days of s e v e r e  tes t ing  in  an  out -of - reac tor  

faci l i ty  . 

1 2 3 3 0 1 3  
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Seventy-six PRTR fuel rods  w e r e  fabr ica ted  by the Nupac-Vipac 
The  homogeneity of t he  P u 0 2 - U 0 2  densified by the  Nupac p r o c e s s .  

( impaction) p rocess  makes  decontamination operat ions s i m p l e r  than those  

involving physical mix tures  of the  oxides.  

Capsule i r rad ia t ion  of e a r l i e r  prototypic EBWR fuel (depleted 

U 0 2 - 2 .  5 wt% P u 0 2 )  demonstrated be t t e r  per formance  ( m o r e  uniform 
plutonium and f iss ion products  dis t r ibut ion)  in impacted fuel than in physically 
mixed fuel. 

PRTR p r e s s u r e  Tube 6115 has been cut into 1 0  p ieces  in the  P R T R  
s t o r a g e  basin.  
hazard  potential of flaws on the  ins ide  su r face .  

to be discharged f o r  the  P R T R  p r e s s u r e  tube surve i l lance  p rogram.  

One of the p ieces  wil l  be  bu r s t - t e s t ed  to  de te rmine  the 

This  tube is the  eleventh 

Calculations for P R T R  operat ion at a power  leve l  of 105 Mw indicate 
that convective cooling would be  sufficient to cool t he  fuel e lements  following 

a b s s  of e lec t r ica l  power to  the  rec i rcu la t ing  pump. 

T h r e e  tubular  Zircaloy-2 clad thorium - 2.35 wt 70 U235 - 1 wtyo 
Z r  fuel elements have been i r r ad ia t ed  to  3400 Mwd/ton. 

continuing. 

i n c r e a s e  of 0.570 fo r  t h e  highest exposure element and 0.370 f o r  two lower 
exposure elements .  
minimum density change at t r ibutable  to the  f i ss ion  products .  

The  i r rad ia t ion  is 
Weight m e a s u r e m e n t s  made  at th i s  point indicate  a total  volume 

This  v e r y  low volume i n c r e a s e  r e p r e s e n t s  t h e  theore t ica l  

The  u s e  of a finely d i spe r sed  second phase  t o  improve  t h e  a l ready  
favorable  swelling r e s i s t a n c e  of meta l l ic  thor ium fuels  is under  study. 
Aluminum o r  beryl l ium additions (500 to  2000 ppm) have been m a d e  to  thor ium 
b a s e  alloys containing uranium and uranium plus  z i rconium. 

The  s tudy of meta l l ic  uranium fuel modified by "shot forming" to 

produce an extremely fine carb ide  d ispers ion  has shown tha t  t he  carb ide  

pa r t i c l e s  obtained a r e  1 micron  o r  s m a l l e r  even af te r  beta  heat t r ea tmen t  of 
t he  fuel. 

1 2 3 3 0 1 4  
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Finely d ispersed  in te rmeta l l ic  pa r t i c l e s  have been successful ly  

- delineated metallographically in -9  of the  31 dilutely alloyed uranium samples  

under  study f o r  t he i r  swelling r e s i s t a n c e .  

S t r e s s - s t r a i n  r a t e  t e s t s  on molybdenum at room t e m p e r a t u r e  indicate  

t h e  exis tence of a r a t e -  controlling, t he rma l ly  activated deformation 
mechanism.  The effect is sl ight ly  m o r e  pronounced in cold-worked ma te r i a l .  

Molybdenum seed  c rys t a l s  have been p r e p a r e d  fo r  growing s ingle-  

c r y s t a l  rods.  

s t r e s s e s  wi l l  be a maximum f o r  [ 11 0 ] planes and fo r  { 11 2 ] planes .  

Orientations se lec ted  a r e  those  f o r  which reso lved  s h e a r  

Diffraction micrographs  have been made  f r o m  (110) and (100) f aces  

The  (11 0) photographs show of a zone-ref ined molybdenum s ingle  c rys ta l .  
what appear  to be  regions of la t t ice  curva ture .  

f a c e s  show only a pa t te rn  of faint, finely spaced  l ines  resembl ing  s l ip  t r a c e s .  

Photographs f r o m  (100) 

The combined effect of reac t ion  r a t e  and compress ive  load on 
t ransformat ion  s t r a i n  during the  a= 

inves ti gat e d. 
t ransformat ion  of plutonium is being 

The  respec t ive  s teady  s t a t e  c r e e p  r a t e  of beta  phase  unalloyed 

plutonium at 150 C under compress ive  loads of 2300, 1300, and 800 p s i  was  
2 .4  x 7 x and l e s s  than l o m 7  p e r  minute.  The  s teady  s t a t e  c r e e p  

r a t e  at  130 C (266 F) at 2300 p s i  was  6 x p e r  minute. 

The  i n c r e a s e  in yield s t r eng th  of Zircaloy-2 as a function of neutron 

exposure  has  been compared  f o r  neutron i r r ad ia t ions  both at 60 C (140 F) and 

280 C (540 F). F o r  in tegra ted  exposures  l e s s  than 1O2Onvt, t h e r e  is no 

significant difference in the  r a t e  of damage accumulation f o r  t he  two i r r ad ia t ion  
t e m p e r a t u r e s  and  a l i n e a r  function ex is t s  between yield s t rength  and log nvt f o r  

s e v e r a l  conditions of p r i o r  cold work.  
1 0  

accumulation in annealed Zircaloy-2.  

yield s t rength  of cold worked Zi rca loy-2  begins to d e c r e a s e  with i r rad ia t ion ,  

At in tegra ted  exposures  g r e a t e r  than 

At exposures  g r e a t e r  than lo2 '  nut, the  

20 nvt, t he  higher i r rad ia t ion  t e m p e r a t u r e  r e s u l t s  in a higher  r a t e  of damage 

1 2 3 3 0 1 5  DECUSSIFI 
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indicating the occur rence  oA radiation-induced recovery .  

is higher f o r  the  higher  t e m p e r a t u r e  of i r rad ia t ion .  

Th-  rate of recovery  

A s e r i e s  of s in t e red  T h o 2 - P u 0 2  fuel spec imens  w e r e  fabr ica ted  and 

shipped to  NRTS f o r  i r rad ia t ion  tests. 
c r o s s e d  progeny fuel cycle.  

Fue l  compositions a r e  typicdl of a 

A sound, s t a in l e s s  steel - 26 wt70 P u 0 2  cermet (97.570 TD) having 
uniform plutonium distribution was  p r e p a r e d  by impaction. 

include both long and shor t  duration i r r ad ia t ions .  

Evaluations will 

A tungsten-molybdenum billet  has been successfu l ly  extruded on a 
low speed  p r e s s  employing only 170 of t h e  avai lable  700 tons  p r e s s u r e .  

Success  m a y  have been l a r g e l y  due to  the  unique u s e  of a pyrolyt ic  graphi te  

s l eeve  as a combined insu la tor  and lubricant  f o r  t he  bil let .  Th i s  successfu l  

extrusion r e p r e s e n t s  a m a j o r  s t e p  in the  p r o g r a m  of developing a tungsten 

clad, tungsten-UO honeycomb fuel  element by coext rus icn  techniques.  2 
The first i r rad ia t ion  test at 3000 C of an impacted, W-clad, W-20 

vol'lo U235 O2 c e r m e t  fueled p l a t e  was  successfu l ly  conducted. The fueled 
p la te  remained  intact  during the  four -hour  i r radiat ion,  and U 0 2  loss 
through nonclad a r e a s  appeared  minor .  Other, longer  i r r ad ia t ions  of W-50 
~ 0 1 %  U 0 2  and Mo-U02 c e r m e t  rods  w e r e  successfu l ly  conducted. 

A s e r i e s  of r eac t ions  was  visual ly  obse rved  in  a 50 wt7' W-U02 
c e r m e t  during heating between 800 and 1900 C. 

Vibrational compaction equipment was  i so la ted  and modified f o r  

compaction of U 0 2  into bery l l ium tubes  supplied by CEN, France. 

Esld c l o s u r e  welds  w e r e  successfu l ly  m a d e  on test p i eces  of 

bery l l ium employing t h e  magnet ic  f o r c e  welder .  

Two wt70 apd 1 0  wt% S m  0 spec imens  w e r e  pneumatical ly  impacted 2 3  
with micronized  U 0 2 .  Samples  w e r e  p r e p a r e d  f o r  ana lys i s  of Sm203 
distribution. 

I 2 3 3 0  I b 
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Tungsten clad, tungsten-U02 ce rme t  p l a t e s  w e r e  successfu l ly  butt 

welded. T h e r e  was no cracking. 

Beta-Pu203 was found to  b e  compatible with tungsten,  molybdenum, 

tantalum, niobium, and vanadium at 1650 C in helium at one  a tmosphere  

p r e s s u r e  f o r  24 hours .  

During i r rad ia t ion  to a high burnup a spec imen  of fused  P u C  f r ac tu red  

extensively and  r e l eased  22% of the  f iss ion gases .  

P r e s s u r e  drop measu remen t s  f o r  an e lec t r ica l ly  heated 19-rod 
bundle t e s t  sect ion w e r e  examined and equations w e r e  developed to  c o r r e l a t e  
t h e  r e su l t s .  An equation was developed to  give t h e  ove ra l l  p r e s s u r e  drop f o r  

t h e  bundle combining s ingle  phase,  loca l  boiling, and bulk boiling flow 

conditions. 

When i r r ad ia t ed  at 30 C, a series of graphi tes  m a d e  f r o m  different 

pe t ro leum fillers expanded i n  t h e  direction t r a n s v e r s e  t o  t h e  extrusion axis  

at about t h e  same r a t e  as conventional nuc lea r  graphi tes ;  however, one 
m a t e r i a l  made  with i ron  oxide addition showed significantly b e t t e r  dimensional 
st ability. 

Electrical res i s t iv i ty  of graphi te  f o r  poss ib l e  High T e m p e r a t u r e  
Lat t ice  Test Reac tor  u s e  was measu red  f o r  25 C to 940 C. 

observed  a t  550 C. 
A minimum was  

A g a s  chromatograph c la imed by the  vendor  to  be sens i t i ve  to  1 
ppm of 02, N2, H2, methane, CO, and C 0 2  is under  evaluation. Initial 
quantitative r e s u l t s  indicate  a sens i t iv i ty  of 1 0  ppm is at ta inable  and with 

f u r t h e r  cleanup of t h e  c a r r i e r  gas  the  claim of 1 ppm sens i t iv i ty  m a y  b e  achieved. 

2 .  P h y s i c s  and Ins t ruments  

Exponential p i le  exper iments  in an ove rbored  C-Reactor l a t t i ce  w e r e  

completed th i s  month. Information was  obtained on the  effect of adding one  
column of enr iched uranium (0. 947% U235) to  each eight columns of n a t u r d  

uranium.  
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The  PCTR was used to  obtain information in support  of operat ing 

K-Reactor with KVNS fuel pieces  in Zircaloy-  2 tubing. 

Assembly of N-Reactor s t a r tup  instrumentat ion is being acce lera ted .  
Water  cooled thimbles have been designed for  t he  installation Of ionization 
chambers  with which neutron flux m e a s u r e m e n t s  wil l  be made.  Sample 

l ine  changes w e r e  made on the  gamma energy s p e c t r o m e t e r  at K E  loops 
1 and  2 t o  permi t  adjustment of the  sample  delay t ime  f r o m  40 to  80 seconds.  

Installation of r eac to r  fue ls  t e s t  loop at PRTR is moving rapidly 

ahead. Pneumatic  line, e lec t r ic  l ines ,  and voltage cont ro l le rs  have been 
installed.  Water sample  l ines  have been extended to  t h e  cel l  room; flow 
t r a n s m i t t e r s  have been installed; and connections have been made  to  t h e  
sampl ing  glove box. 

N- Reactor  p r e s s u r i z e r  s imulat ion t e s t  runs  have revea led  new data 
that confirm the need f o r  addition of t h e  der ivat ive ( r a t e )  mode to the 

p r e s s u r i z e r  level  control sys t em.  S c r a m  induced p r e s s u r e  s u r g e s  w e r e  

evaluated with a propor t iona l -p lus- rese t  control,  and i t  was  determined 
that  addition of r a t e  action reduced  seve r i ty  of t he  p r e s s u r e  s u r g e s  by 

providing a negative e r r o r  signal to  the  r e s e t  mode. 
t h e  N-Reactor  p r i m a r y  flow s y s t e m  has been developed; i t  appears  to 

c i rcumvent  difficulties with the  first model.  The  s t eam generat ing s y s t e m  
has  been s imulated with a mathematical  model  now ready  f o r  t he  computer .  

A second model  of 

New r e s u l t s  w e r e  obtained in the Cr i t ica l  Mass Labora tory  f r o m  
experiments  applicable to  nuclear  safety problems assoc ia ted  with wet 

powders,  p rec ip i ta tes ,  s l u r r i e s ,  po lymers ,  e tc .  Plutonium oxide-polystyrene 

compacts  w e r e  used having a hydrogen-to-plutonium rat io  of 15. 
m a t e r i a l  was used without a neutron r e f l ec to r  it was found that  a block 

12  x 1 2  x 1 2 . 6 6  in. would chain r eac t .  

of 34 kg. With a re f lec tor  of luc i te  in place,  a cube 9 x 9 x 8.38 in. c o r r e -  
sponding to a m a s s  of 12. 6 kg, was  c r i t i ca l .  Cr i t ica l i ty  data w e r e  obtained 
a l so  on a 6 x 7 in. column. Neutron l i fe t imes  and t e m p e r a t u r e  coefficients 
w e r e  also measured .  

When th i s  

This corresponded to  a c r i t i ca l  mass 

I 2 3 3 0  I 8  



xii HW-79046 

The hfgh accuracy,  cyl indrical  interact ion code INTERSET was 

distributed to CPD and HL cus tomers .  
on the  interaction problem.  

in  this  code has advanced the  a r t  considerably beyond that in common u s e  
throughout industry.  
between cylinders with different  heights,  different nuc lear  cha r  act  e r i s t ics ,  

and ex te rna l r e f l ec to r s  . 
var iab les  exist, the 
explored. 

This  completes  t h e  scheduled work 
The  mathematical  interact ion model  postulated 

This is the  f i r s t  known descr ipt ion of interact ion 

Since l i t t l e  o r  no experimental  data with these  
possibi l i t ies  fo r  such experiments  a r e  being informally 

Nuclear sa fe ty  consulting s e r v i c e s  continued. Par t ic ipa t ion  in the  
hazards  review fo r  the  2 Plant  Waste  Trea tment  facil i ty was  completed.  
Two l ec tu re  s e r i e s  on nuc lear  safety w e r e  begun to t r a i n  C h e m i c d  P rocess ing  
Department personnel .  

Studies of the  sca t t e r ing  of slow neutrons by 95 C light wa te r  continued. 
This  month the reduction of raw data f r o m  previous m e a s u r e m e n t s  was 

completed.  Theore t ica l  calculations w e r e  pe r fo rmed  to  c o m p a r e  theory  with 
experiments .  At t he  moment the  comparison is rather unsat isfactory.  A 
s tep  plug which will  s e r v e  a s  a neutron beam shu t t e r  f o r  a new time-of-fl ight 
spec t romete r  f o r  slow neutron sca t t e r ing  s tudies  w a s  completed.  

Another s e r i e s  of total  c r o s s  sect ion m e a s u r e m e n t s  f o r  neutrons of 

F ive  elements  w e r e  s tudied f o r  which 3 t o  15 Mev energy w e r e  completed.  

no data previously existed.  
e lements .  

Measurements  w e r e  repea ted  on s i x  o the r  

Experimental  s tud ies  of t h e  nuc lear  physics  p r o p e r t i e s  of Pu -Al  

rods  in light wa te r  continued a t  a rap id  pace .  

data have now been obtained on four  different la t t ice  spacings.  
f if th la t t ice  spacing is under  way. 

Buckling and c r i t i ca l  m a s s  

Work on a 

A ma jo r  goal was attained on September  13 when t h e  f i r s t  i r r ad ia t ed  
P R T R  fuel c l u s t e r  was  moved into the  Plutonium Recycle Cr i t i ca l  Fac i l i ty  

(PRCF)  f o r  physics  measu remen t s .  This  fuel element was  a Pu-A1 c l u s t e r  
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which had been cooled f o r  a long t ime .  It w a s  poss ib le  t o  o v e r r i d e  the  

. photoneutron production f r o m  t h e  fuel element without exceeding the  cu r ren t  
operat ing limits f o r  the  PRCF.  
that techniques can be worked out t o  obtain worthwhile phys ics  measu remen t s  

in  sp i t e  of the photoneutron production problems.  

Thus,  f o r  long cooled fuel  e lements  it appea r s  

The  burnup data f r o m  t h e  des t ruc t ive  t e s t ing  of P R T R  element 5108 
240 

are  complete.  Element 5108 is a high exposure  P u  fuel  element,  P u  , 
1 6  at. 70 which has rece ived  an exposure of 30  Mwd. 

In the  analysis  of P R T R  burnup experiments ,  improved  values  f o r  

t h e  fuel  c r o s s  sect ion ra t ios  have been obtained us ing  f i t ted polynomials t o  
desc r ibe  the  atom density changes as a function of burnup. 

Extensive work on o ther  r e a c t o r  physics  codes  was  a l so  under  way. 

Development a n d / o r  checkout of RBU, BARNS, HRG, and PHYSICS CHAIN 

was  c a r r i e d  out. Modifications of s o m e  of the  c r o s s  sect ion constants  f o r  

t h e  one-dimensional burnup code ALTHAEA w e r e  formulated.  

Members  of a commit tee  appointed by the  ANS Mathematics  and 

Computing Division met at Hanford t o  plan a M a s t e r  C r o s s  Section L i b r a r y  
P r o c e s s i n g  Computer  Code t o  p r o c e s s  data f r o m  the  Brookhaven Mas te r  

Data F i l e  in  a f o r m  useful t o  all r e a c t o r  organizat ions.  

P r o g r e s s  was  made  on the  development of t he  High T e m p e r a t u r e  
Lattice Test Reac tor .  

not t u rn  up any s e v e r e  v is ib le  co r ros ion  or carbur iza t ion  on materials 
contemplated f o r  u s e  in  t h e  HTLTR. 

A 200 h r  co r ros ion  test in  ni t rogen a tmosphe re  did 

Work on advanced r e a c t o r  concepts was  considerably expanded during 

September .  The  Phoenix c o r e  s u r v e y  w a s  extended t o  include va r ious  M:W 
r a t i o s  f r o m  0 to  2, and core sizes ranging f r o m  250 to  1000 liters. A brief  
s tudy a s s e s s i n g  the  accuracy  of c u r r e n t  fast r e a c t o r  c r o s s  sec t ion  sets was  

completed.  
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Reactor  t e s t s  t o  experimental ly  evaluate the  Bl1  neutron flux monitor  

w e r e  inconclusive because of beta  cu r ren t  a s sumed  to  be  generated in the  

e lec t r ica l  lead-in cable .  The  u s e  of isotopes o the r  than Bl1 is being con- 

s ide red  which permi t  measu remen t s  over  extended energy range,  and 
which s implify probe construct ion.  

to  confirm the magnitude of cable  induced e r r o r s .  

Continuing experiments  a r e  being made 

The  u s e  of ul t rasonic  boundary waves a s  a method of detecting 
z i rccnium hydride was suggested to  Tes t ing  Methods, N-Reactor.  

experimental  r e su l t s  by that organization suggest  this technique may be 
one of the  most promising methods investigated to  date. 

continuing in  HL fo r  studying this  application, in addition to  the  possible  

u s e  of t hese  waves for  bond s t rength  determination. 

Ear ly  

Experiments  a r e  

A significantly improved  u l t rasonic  t e s t e r  f o r  thin wall  fuel sheath 

tubing was made operat ional  and is now in u s e  f o r  rout ine tes t ing.  
down to 1 /20th  of the w a l l  th ickness  in  depth by one wall  th ickness  in length, 
both axial  and c i rcumferent ia l  or ientat ion,  a r e  consis tent ly  detected and 

automatically recorded  in t e r m s  of defect location and depth. 

Defects 

An excellent information exchanga and  field workshop on advanced- 

Devices 
design atmospheric  turbulence measu r ing  devices was  held a t  Hanford on 

September  9-13, in cooperation with the  Universi ty  of Washington. 
compared  included the  Hanford wind component m e t e r ,  t he  Universi ty  hot 
w i r e  anemomete r  and sonic  anemomete r  s y s t e m s .  The  Universi ty  s y s t e m s  
rece ived  field tes t ing  before  u s e  th i s  winter  on t h e  Internationdl Indian Ocean 
Expedition. 

The  s u m m e r ' s  whole body counting work in Alaska was  completed.  

ave rage  i n c r e a s e  of about 50% observed  at Anaktuvak P a s s  is probably the  

bes t  indicator  of the  genera l  t r end  of fallout conditions in Alaska.  

An 

At the o the r  

vi l lages  the  i n c r e a s e  was  modified by other '  effects tha t  will  b e  be t t e r  under-  

s tood when Biology Section completes  the ana lys i s  of the  d ie ta ry  and o the r  

information collected this  s u m m e r .  
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137 
F u r t h e r  study of the  ur ina lys i s  method of determining average  Cs 

. body burdens continued to  give good results. 
X- ray  scintillation counter w a s  completed. An experimentdl  method of 

spectroscopy of low energy fast  neutrons was  chosen and fabricat ion of 
apparatus  s ta r ted .  

Fabr ica t ion  of t h e  plutonium 

Intrathoracic  a i r  p r e s s u r e  on an experimental  animal  has  been 
Sensit ivity was equivalent t o  1. 5 m m  of wa te r .  successful ly  achieved. 

Experiments  a r e  being made to produce animal  anes thes ia  by e lec t r ica l ly  
exciting probes  placed on animal temples  at 700-900 cps,  at a power level  

equivalent to 12-50 ma.  

At the i r  request ,  equipment and profess iona l  a s s i s t ance  w e r e  
' 

provided Combustion Engineering to a s s i s t  t hem in the  f u r t h e r  evaluation 
of the  eddy-current  t e s t s  applied to  t h e  N-Reactor  heat exchangey. 

Our delivery commitment  f o r  the  second 1200 Zi rca loy  p r o c e s s  

T h e s e  tubes tubes f o r  K-Reactor  retubing was  met  ahead of schedule .  
w e r e  tes ted  and inspected and given t h e  Labora to r i e s  developed gr i t -  

blast ing p rocess  which reduced the  f a i l u r e  r a t e  of Vanstone flares on the  

r e a c t o r  to  around one-half percent .  This  f l a r e  f a i l u r e  rate is one-half  that  

experienced on the  previous 1200 Zi rca loy  tubes,  and both r a t e s  a r e  
substant ia l ly  l e s s  than that experienced with ducti le a luminum p r o c e s s  tubes 
f o r m e r l y  used.  

3 .  Chemis t ry  

Comparat ive t e s t s  of aluminum coatings under  out-of- r e a c t o r  
conditions showed reduction in uptake of phosphate by a f ac to r  of four  f o r  

teflon coating and by a fac tor  of 20 f o r  a coating of black mark ing  ink 
("Marks-a-Lot"  brand). 

In- r eac to r  t e s t s  
that  0 . 2  ppm "CatFloc" 

with the-exper imenta l  wa te r  t r ea tmen t  plant showed 

( a  cationic polyelectrolyte)  could b e  subst i tuted f o r  
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- ca.. 1 0  ppm of alum, yielding a f loc of z e r o  ze t a  potential  (des i r ab le  f o r  easy  

removal  of colloids) and without adve r se ly  affecting removal  of ionic phosphate. 
In similar tests with activated silica, conditions w e r e  not found which allowed 

simultaneous removal  of both colloidal m a t e r i a l  and ionic phosphate.  

In- reac tor  t e s t s  with deionized wa te r  have allowed e s t ima tes  t o  be  
madeof  the sepa ra t e  cor ros ion  r a t e s  f o r  p r o c e s s  tqbes  (cor ros ion  of which 

r e l e a s e s  Ga72 and NaZ4) and fuel cladding ( co r ros ion  of which r e l e a s e s  
Ga72, Na2? and N i 6 j ) .  

showed an init ial  apparent combined co r ros ion  r a t e  s o m e  tenfold higher  than 
that observed  a f t e r  5 o r  6 fuel changes, indicating s o m e  passivat ion of t he  
p r o c e s s  tube with u s e  and t ime .  
tube is an important  fac tor  in t h e  co r ros ion  of t he  fuel  jacke ts .  

Studies which s t a r t e d  with new aluminum p r o c e s s  tubes 

The f i lm which builds up on t h e  p r o c e s s  

A l ead-bear ing  sludge which had accumulated in  the  CR vault s t ron t ium 
s t o r a g e  tank proved readi ly  acid soluble  a f t e r  metathesis with 10% caustic,  

which conver t s  t h e  s ludge to  P b 3 0 4  ( r e d  lead) .  

Sugar  t r ea tmen t  to  des t roy  n i t r i c  acid was  shown feas ib l e  on was te  

T h e  efficiency is actual ly  promoted by solut ions containing 1 M  - aluminum. 

t h e  p r e s e n c e  of aluminum, which exhibits an apparent ly  catalyt ic  effect 
essent ia l ly  identical  to  that previously obse rved  f o r  was te s  containing 1M - 
i ron .  

Labora tory  s tudies  showed excellent technet ium r e c o v e r y  with the  

same feed  and r e s i n  used in a recent  apparent ly  unsuccessfu l  f ie ld  experiment .  

T h e  poor  r e su l t  r e p o r t e d  in  the  f ie ld  experiment  is believed due to e i ther  poor  

geometry  o r  hydraul ics  in the  res in- f i l l ed  c a s k  o r  poor  analytical data.  

Explora tory  s tudies  a r e  underway to de te rmine  the  feasibi l i ty  of 
producing T1204 in high specif ic  act ivi ty  via  a modified Sz i l a rd -Cha lmers  

effect, recent ly  r epor t ed  successfu l  in producing high spec i f ic  activity Co 

TlZo4, a beta e m i t t e r  with a 4-year  half 1if.e is an  isotopic  heat s o u r c e  
potentially competi t ive with Pm147 and P u  238 . 

60 . 
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Upon development of the n e c e s s a r y  improved  analytical  methods f o r  
chlor ide in uranium dioxide, it has  been found tha t  conditions readi ly  achieved 

in laboratory e lec t ro lyses  produce uranium dioxide containing l e s s  than 5 ppm 
chlor ide.  Such conditions have not ye t  been achieved in  p i lo t - sca le  equip- 

ment; however, the chloride contents in these  prepara t ions  is of the o r d e r  
of 100 to  200 ppm. 

Hot cell  runs tes t ing addition of phosphate to s p r a y  ca lc iner  feed to  
achieve a microcrys ta l l ine  "pseudo g la s s ' '  w e r e  completed without incident.  
Inclusion of phosphate in the  feed had no d iscern ib le  effect on ruthenium 
volati l ization. 

Studies of iodine emitted f r o m  separa t ions  plant s t acks  continue to  
show s t rong  evidence that t h e r e  a r e  a multiplicity of iodine spec ie s  present ,  

cer ta in  of which a r e  re la t ively nonreact ive and  the re fo re  not re ta ined  by 
caus t ic  s c r u b b e r s  o r  s i l v e r  mesh  but a r e  re ta ined  by act ivated charcoa l  
absorbents .  

Chloride ion, often p re sen t  at subs tan t ia l  concentrat ions in biological 
s y s t e m s ,  has been shown to be impontant when determining t h e  na tu re  and 

amount of radiation damage suf fered  by organic  chemica ls  in solution when 

exposed to  gamma radiation. 

is s m a l l  (ca.  - 0.0003), t h e ' l a r g e  excess  of ch lor ide  ove r  o the r  so lu tes  in  

biological sys t ems  makes  i t s  effect important .  

Although the  protect ion index f o r  chlor ide ion 

An experimental  comparison of two chromatographic  cation exchange 
flowsheets (one a Hanford development, the  o the r  ah ORNL development) fo r  
purification of prometh ium showed as t he  ma in  advantage of t he  Hanford 

approach, be t t e r  separat ion of p rometh ium f r o m  l ead  and y t t r ium.  
sugges ts  that  substi tution of HEDTA f o r  t he  EDTA used in the  Hanford flow- 
shee t  might yield a flowsheet re ta in ing  the ma jo r  advantages of both approaches .  

T h e  study 

If 0.1M - oxalic acid is used  to  s t r i p  plutonium and neptunium f r o m  
0.3M - TLA-Soltrol  (proposed a s  an ext rac tan t  t o  r e c o v e r  plutonium and neptunium 

va lues  f r o m  P u r e x  acid was te)  t h e  oxal ic  acid mus t  be  destroyed before  adding 
i t  to t he  neptunium-plutonium separa t ion  cycle  (3A-3C) to avoid high neptunium 
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A "sandwich" ca r t r idge  using thin (3/32-in.  f luorothene 

l eas t  as efficient as 3 /4- in .  polyethylene p l a t e s  in t h e  P u r e x  2E 

appears  at 
column. 

After  s i x  weeks '  exposure to  P u r e x  HAX at 70 C, s amples  of pe r fo ra t ed  
polyethylene plates  w e r e  seve re ly  embri t t led,  in agreement  with t h e  s h o r t  

life observed  f o r  polyethylene p l a t e s  in P u r e x  plant columns.  

The  u s e  of phosphoric acid to remove  s t ront ium f r o m  P u r e x  was te  

s ludges appears  promising.  

h s td l l a t ion  of equipment in C-Cell  of t h e  High Level  Radiochemical 

Fac i l i ty  f o r  process ing  30-lb batches of P R T R  fuel  by t h e  Salt Cycle  P r o c e s s  
has been completed.  Cold runs  w e r e  in p r o c e s s  at month end. 

A solvent extraction pilot plant demonstrat ion of t h e  ces ium purification 
p r o c e s s  proposed f o r  t he  Hanford Isotopes Plant was  highly successfu l .  

l o s s e s  of 0 . 0 8 %  and 0 .14% w e r e  obtained f o r  t h e  extract ion and s t r ipp ing  
columns and the  overa l l  sodium decontamination f ac to r  was  4000. 

Cesium 

Labora tory  tests indicate  that a recycl ing of ces ium product  f r o m  the  
ion exchange r ecove ry  p r o c e s s  can el iminate  the need f o r  an ammonium 

salt sc rub ,  provide a product of h igher  purity,  and p e r m i t  h igher  ces ium 

loading (ca .  - 2 m e q  C s / g )  in the  zeol i te  s t o r a g e  package. 

P r e l i m i n a r y  l abora to ry  s tudies  w e r e  made  with a s ix -membrane  
e lec t rodia lys i s  unit p rocess ing  acid condensate was te  t o  a id  i n  evaluation of 

ruthenium behavior.  Ninety percent  of the  ruthenium was  removed f r o m  t h e  
solution; however, t h e  distributions of ruthenium spec ie s  could not b e  de te r -  

mined because  of sorpt ion in t e r f e rences .  

A thin bed ion exchanger -pref i l te r  is being evaluated for u s e  in  an 
in tegra ted  p r o c e s s  f o r  condensate decontamination. 
p r e s s u r e  drop was  achieved with 50-80 m e s h  Decalso.  

An acceptably low 

A compara t ive  cos t  ana lys i s  f o r  ion exchange decontamination and 

a one-stage evaporation p r o c e s s  f o r  P u r e x  Tank Farm condensate  indicated 

that  t h e  iol: exchange p r o c e s s  would b e  at l e a s t  $9.50 p e r  1000 ga l  l e s s  than 

t h e  evaporation cos t .  
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Evaluation of t h e  recent  geophysical seismic su rveys  of s e l ec t ed  
P r o j e c t  s i t e s  yielded favorable  conclusions.  Combined re f rac t ion  profil ing 

and  r o t a r y  drilling, with thorough logging of dr i l led  holes,  appea r s  fastest, 
most  definitive, and most  economical.  

4. Biology 

Special agents f o r  cleaning N-Reactor  tubes  continue t o  be  t e s t ed  
f o r  toxicity to  f i sh .  Dowel1 F - 3 3  is one of the  latest. 
f o r  72 h r  is about 20 ppm, loss of equi l ibr ium o c c u r s  in young f i sh  at con- 
cent ra t ions  as low a s  1 ppm. The  effect of l o s s  of equi l ibr ium on surv iva l  
under  r i v e r  conditions is obvious. 

Although the LD50 

Another subs tance  being used is trisodiumphosphate,  and th i s  is 
a l so  being tested. 
600 ppm causing mor ta l i ty  in half-an-hour.  

It causes  l o s s  of equi l ibr ium in fish at 400 ppm, with 

River  water  t e m p e r a t u r e  has  r i s e n  f r o m  67 to  72 F during the  pas t  
30 days.  
co lumnar is  and mor ta l i ty  among rainbow t rou t  held in  t roughs .  

above no rma l  r i v e r  t empera tu re ,  observed  was  a 5070 i n c r e a s e  in  mor ta l i ty  
(cont ro l  about 770); columnar is  infection w a s  about 50% above cont ro ls .  

Oddly enough, 4 F  below t h e  r i v e r  t e m p e r a t u r e  r e su l t ed  in about t h e  same 
mor ta l i t y  as t h e  r i v e r  t e m p e r a t u r e  itself, with co lumnar is  infection above 
cont ro ls .  

incidence of columnaris ,  but t he  mor t a l i t y  of f i sh  was  t h e  same as in wa te r  
at the  r i v e r  t e m p e r a t u r e .  

This  is unusually w a r m  and has  i n c r e a s e d  t h e  incidence of 
At 4 F 

Ultra-violet  t r ea tmen t  of t h e  wa te r  definitely dec reased  the  

F r o m  r e s u l t s  observed  among pigs  fed 625 bc SrSo/day ,  it appea r s  
that  this  amount is about bo rde r l ine  f o r  killing after nine months.  

DTPA adminis te red  with z i rconium colloid o r  India ink was no m o r e  
effective than DTPA alone in  removing plutonium deposited in  rats 7 days 

p r i o r  to  t rea tment .  
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Among dogs, at least ,  it appea r s  that DTPA is 
Some of t he  leve ls  t e s t e d  f o r  t h e  previously beli,eved. 

m o r e  toxic  than 
removal  of Ce 144 O2 

in dogs caused vomiting and death. 
t h e  following: 1 g DTPA iv on day 1, followed by 0 . 5  g DTPA each on 

day 2, 3, and 4. Calcium gluconate was a l so  given on the  second day. 

levels a r e  c lose  to  those  adminis te red  to  humans.  

The  t r ea tmen t  given t o  each dog w a s  

T h e s e  

Iodine-131 labeled P V P  is being found as a useful indicator  of 
gastrointest inal  radiation damage. 

t h e  m a t e r i a l  is excreted into the intest ine dependent on X - r a y  and f iss ion 
neutron dose.  

ation, but did not dec rease  mor ta l i ty ,  s i n c e  t h e  death was  probably due to  
hematopoietic injury.  

Following intravenous injection of PVP,  

Cysteine dec reased  intestinal permeabi l i ty  of neutron i r r a d i -  

Yeast cel ls  grown in D 2 0  show d e c r e a s e s  in RNA, DNA, and pro te ins .  
Th i s  is probably due to  reduction of nucleic ac id  content in  t h e  ce l l s .  

t h e  ce l l s  a r e  removed f r o m  the  D 2 0  and placed in  a medium containing 

o rd ina ry  water ,  protein and nucleic  acid contents r e t u r n  t o  n o r m a l  in l e s s  
than one cel l  generation. 

When 

It appears  that deposited on plants  f r o m  the  a tmosphe re  will 

g radual ly  evaporate  off with a biological half life of about eight days.  A 
cons iderable  amount of t he  radioiodine s e e m s  t o  pene t r a t e  to t h e  c e n t e r  of 
t h e  r y e  leaves  used. 

Whole-body counting of no r the rn  Alaskan re s iden t s  was  completed with 

t he  examination of 1 2 0  people at Poin t  Hope and 157  people at Kotzebue. 
monthly r epor t  shows averages  and maxima obse rved  during 1 9 6 2  and 1963. 

The threefo ld  i n c r e a s e  in Cs137 among re s iden t s  at Point  Hope (1962-1963) 

is a t t r ibu ted  to t h e  g r e a t e r  availabil i ty of car ibou and g r e a t e r  Cs137 concen- 
t r a t i o n s  in car ibou f lesh  during 1963 as compared  to  1962.  

The  
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5. P rogramming  

The effects of specif ic  power and var ia t ions  in  t h e  AEC u s e  cha rge  

rate on fuel  cost  w e r e  each investigated f o r  s i x  different fueling s c h e m e s  in  
. a water  r eac to r  simulation. Resul ts  are avai lable  in  graphical  fo rm.  

A number  of presentat ions w e r e  made t o  t h e  Technological Hazards  
The  P R T R  Council during its meet ing at Hanford the  week of September  9. 

p r e s s u r e  tube surve i l lance  p r o g r a m  was  reviewed f o r  t h e  Council along 
with (1) recent  P R T R  operat ing experience,  (2)  t h e  u s e  of t he  P R T R  auto- 

mat ic  control ler ,  and ( 3 )  the effect of nonuniform distribution of plutonium 
in mixed oxides fue ls .  

Probable  sel l ing p r i c e s  of s epa ra t ed  f i ss ion  product  radioisotopes 
w e r e  est imated and r epor t ed  f o r  t h e  proposed Hanford I so topes 'P lan t .  

t h e  assumptions used, which a r e  considered reasonable  f o r  prof i t -making 

operat ion of t h e  plant, t he  following p r i c e s  resul ted:  SrgO, $0.2O/curie; 
C S ' ~ ~ ,  $O.lS/curie;  Ce144, $O.O2/curie; Pm147, $0 .08/cur ie .  

F o r  

Thor ium oxide samples  i r r a d i a t e d  t o  1, 850 and 3, 500 g of U233 p e r  

ton w e r e  analyzed f o r  U232 content. Resul ts  show tha t  in high concentrat ions 

(approaching 100  ppm) Th230 contr ibutes  marked ly  t o  t h e  formation of 
U232 contamination in t h e  U233 generated.  

TECHNICAL AND OTHER SERVICES 

No new plutonium deposition cases w e r e  confirmed by Bioassay 

ana lys i s  t h i s  month. 

than 1% of the  max<mum p e r m i s s i b l e  body burden (MPBB plutonium with 

bone as r e fe rence  as 0.04 u c )  revea led  that  no plutonium deposition had 
occur red .  
c a s e s  that have o c c u r r e d  at Hanford. T h e  to ta l  number  of individuals who1 

have rece ived  in te rna l  plutonium deposition at Hanford is 324 of which 235 

are cur ren t ly  employed. 

Re-evaluation of a case previously r epor t ed  as less 

Th i s  r e su l t ed  in  a reduction of one in the  number  of deposition 

1 2 3 3 0 2 8  
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A to ta l  of 62 c u r i e s  of 1131 was  r e l e a s e d  f r o m  the  P u r e x  Plant s tack  
- over  the  three-day  per iod f r o m  September  2 t o  September  4, 1963. The  

maximum concentration of 1131 found in milk as a r e su l t  of t h i s  emission 

was  between 300 and 500 p c / l i t e r .  

been delivered to  the  two-g thyroid of an in fan t  drinking this  milk throughout 
t h e  month of September  w a s  es t imated  to  b e  only 0 .05  to  0 .08  r e m .  

The  to ta l  radiat ion dose that  would have 

Calibration cu rves  w e r e  developed f o r  es t imat ing  two wall  th icknesses  
f r o m  char t  readings obtained on t h e  probolog ins t rument .  

f r o m  t e s t s  w e r e  analyzed to de te rmine  t h e  effect  of f ac to r s  such  as probe  

speed, wa te r  flow in tube, a n d  air p r e s s u r e  in the bellows on probolog cha r t  
readings  . 

In addition, data 

F u r t h e r  data  a r e  being analyzed to  c o m p a r e  the  p r o c e s s  control  
c h a r a c t e r i s t i c s  of fuel e lements  canned by the  AlSi and hot-die-sizing 

p r o c e s s .  

A study was  made  of the  probabi l i ty  of a spur ious  scram as a function 
of t he  number of individual tube s igna ls  which f a i l  within a t e m p e r a t u r e  
monitor  zone. P r e s e n t  r e su l t s  a r e  tentat ive.  A m o r e  complete  analysis  
is being planned. 

In anticipation of ons i te  f ie ld  tests cons iderable  effort was  devoted 
to  debugging and checking out t h e  computer  p r o g r a m  to p r e p a r e  magnetic 

t ape  input f o r  t h e  prototype Sheffield r o t a r y  contour gage. 

Recent theore t ica l  and experimental  developments in the  f ie ld  of ' 

sound wave propogation a n d  attenuation in  visco-  elastic 
d iscussed  with P r o f e s s o r  Leon Knopoff at t h e  UCLA Inst i tute  of Geophysics. 

T h e s e  d iscuss ions  w e r e  motivated by modeling difficult ies which a r i s e  in 
t h e  s tudy of nondestruct ive m a t e r i a l s  tes t ing  techniques.  

med ia  w e r e  

P r i m a r y  r e s u l t s  f r o m  t h e  Monte Car lo  based  diffusion s tudy exhibits 
des i r ab le  c h a r a c t e r i s t i c s  not prev ious ly  found in o the r  models .  

i 2 3 3 0 2 9  
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Considerable p r o g r e s s  has  been m a d e  in  defining an appropr ia te  

numer ica l  solution f o r  the  boundary va lue  formulat ion of t h e  nonlinear 
s y s t e m  of second o r d e r  differential  equation express ing  mass t r a n s f e r  in  a 
pulse  column. 

SUPPORTING FUNCTIONS 

Plutonium Recycle T e s t  Reac tor  output f o r  September  was  1359 Mwd, 

f o r  an experimental  t i m e  efficiency of 79.270 and a plant efficiency of 64.  770. 
T h e r e  w e r e  four  operating per iods  during t h e  month; one  w a s  a continuation 
of an August operating period. 
scheduled refueling and  planned maintenance; one  was  t e rmina ted  by a s c r a m ;  
and one continued through monthend 

p r o g r a m  as of September  30, 1963, follows: 

Two operat ing per iods  w e r e  t e rmina ted  f o r  

A s u m m a r y  of t he  fuel i r rad ia t ion  

P r o g r a m  

' N O .  Mwd N 0. Mwd No. Mwd No. M wd No. Mwd 
PUO2-UO2 Other  Tota ls  u02 A1-Pu 

------ - __L- 

In-Core  24 2 1 1 8 . 4  0 6 1  5840 .1  85 7 9 5 8 . 5  
Maximum 1 4 4 . 9  1 4 9 . 8  
Average 8 8 . 3  9 5 . 7  

In - Basin  19 1 2 1 6 . 8  6 6  5 7 0 2 . 8  16 5 5 4 . 2  1 7 . 3  102 7481.1  
Chemic a1 

33 2 3 8 7 . 3  P r o c e s s i n g  - 32 2 3 0 9 . 3  - 1 78: 0 
P r o g r a m  
To ta l s  75 5 6 4 4 . 5  6 7  5 7 8 0 . 8  77 6 3 9 4 . 3  1 7 . 3  220 1 7 8 2 6 . 9  

- - -  -- 

A to ta l  of 70 r e a c t o r  outage hour s  w e r e  charged  to r e p a i r  work.  Main 
items were :  

D 2 0  and helium l e a k s  17 hours  
Helium c o m p r e s s o r s  15  hours  
Instrument  air leaks 1 0  hours  

Injection pumps 8 hour s  

T h e  September  heavy wa te r  inventory indicates  a loss of 1654 l b  f o r  t he  

month. 
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Installation of the  motor ized  switches at the PRTR, 13 .8  kva, 

incoming l ine  was  completed during the month. 

switching f r o m  one l eg  of t he  13 .8  kva loop to t he  o ther  leg, should a local  

fault occur .  

This change p e r m i t s  r emote  

The  f i r s t  i r r ad ia t ed  fuel measu remen t  in  t h e  Plutonium Recycle  
Cr i t ica i  Faci l i ty  was completed on September  13. 

i r r ad ia t ed  fuel  handling w e r e p e r f o r m e d  with a ful l -s ized P R T R  element 
(Pu-Al) and with D 2 0  coolant. 

p re l imina ry  measu remen t s .  
and found to b e  adequate. 

Two complete  cyc les  of 

Crude  worth data w e r e  obtained f r o m  t h e s e  

Biological shielding integri ty  was  again checked 

Seven hot operat ing runs  w e r e  conducted during t h e  month in  t h e  
Fuel  Element Rupture Tes t  Faci l i ty .  

duration and  w e r e  te rmina ted  under  controlled conditions f o r  maintenance 
work.  

caused  a r e a c t o r  s c r a m ;  th i s  was  a high p r e s s u r e  condition caused  by f a i lu re  

of the  p r e s s u r e  control  valve posi t ioner .  

in  st all e d . 

Most of t he  runs  w e r e  of f a i r l y  s h o r t  

Only one run was  stopped because  of conditions which would have 

A m o r e  r e l i ab le  posi t ioner  has  been 

Operation of t h e  Gas Loop at design t e m p e r a t u r e  of 1500 F was  
achieved during the  month in  t h e  P r e s s u r i z e d  Gas-Cooled Loop Faci l i ty .  

Total  product ive t i m e  in  t h e  Technical  Shops Operation for the  pe r iod  
w a s  24, 068 hours .  Distribution of t i m e  was  as follows: 

Man Hours  70 of Tota l  
N- Reac tor  Department 3 212 13 .35  
I r rad ia t ion  P r o c  es s in g D ep artm ent 

Chemical  P r o c  e s  s ing  Department 
3 606 14 .98  

247 1 .02  
Hanford Labor  at0 ri es 1 7  003 70.65 
Hanford Utilities and Purchas ing  Operation - -  - -  

1 2 3 3 0 3  I 
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Totdl productive t i m e  f o r  t h e  Labora to ry  Maintenance Operation was  

.17,400 hours  of 19, 200 hours  potentially available.  
time, 91% was expended in support  of Hanford Labora to r i e s  components with 

the  remaining 9% directed toward providing s e r v i c e  fo r  o the r  H A P 0  organi-  
zat ions.  

Of t h e  to ta l  product ive 

Manpower utilization f o r  September  was  as follows: 

A. Shop Work 
B. Maintenance 

1800 hours  

6 1 00 hours  

1 . Prevent ive  Maintenance 1800  hours  

2 .  Emergency o r  Unscheduled Maintenance 1600  hours  

3 .  Normal  Scheduled Maintenance 2700 hours  
4 .  Overt ime (Included in  above f igu res )  83 0 hour s  

C. R&D Ass is tance  9500 hours  

The  heavy wa te r  inventory at the  end of September  1963 showed a 
loss of 1654 pounds ($22, 738) f o r  t h e  P R T R  and a loss of 99 pounds ( $ 1 , 3 6 1 )  
f o r  t h e  PRCF.  

3976 pounds, resul t ing in a $4059 cha rge  t o  opera t ing  cost .  
accumulated at  September  30, 1963 f o r  r e t u r n  t o  SROO amounted t o  17, 218  
pounds ($216, 675) .  

Heavy wa te r  s c r a p  generated during the month amounted t o  

Heavy w a t e r  

Vis i tor  activity is ref lected in t h e  following numbers :  

V i s i to r s  Center  
P lan t  Tours  

Number of V i s i to r s  

In September  Since 6-13-62  

2242  5 6 , 6 2 5  
25 9 n. a. 
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H A P 0  professional  recru i t ing  activity th i s  month is s u m m a r i z e d  

3 

Plant Offers  Acceptances Rejections Open Offers  
V i s i t s  Extended Received Received at Month End 

7 0 3 4 

3 
BS/MS (Direct  

P Ir  c em ent ) 2 
BS/MS ( P r o g r a m )  0 0 

0 1 
0 0 

Ten technical graduates  w e r e  placed on permanent  ass ignment .  Nine 
graduates  joined the  program,  two te rmina ted  to r e t u r n  to  school,  and one 
t r a n s f e r r e d  to  APED. Current  p r o g r a m  m e m b e r s  total  7 5 .  

Authorized funds f o r  nine ac t ive  p ro jec t s  total  $6, 739, 500. The  total  
es t imated cost  of t h e s e  p ro jec t s  is $10, 584, 000. 
w e r e  $1,134, 000. 

Expendi tures  through August 

Manager, Hanfor d Labor  at0 ri es P 

HM P a r k e r : J E B : m h s  
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REACTOR AND FUHS LABORATORY MONTHLY REPO€U' 

SEPTEM~ER 1963 

TECHNICAL ACTIVITIES 

A,  FISSICWBLE MATERIALS - 02 PROGRAM 

1. Metallic Fuel Development 

Target Element Development. 
lithium-aluminun: target  elements in KER Loop 2 has continued a t  a 
coolant pressure of 1600 ps i  and a calculated ta rge t  temperature of 
300 C.. 

The target  elements which were discharged from Loop 1 a f t e r  61.2 days 
a t  full reactor power were 'keasled". The resu l t s  indicated tha t  the 
r e l a t ive  exposure of the individual elements varied approximately 154. 
The bulk density of the target  elemeEts w a s  measured and compared t o  
%he pre-irradiation t e s t  values. 
experimexital errors .  
Radiometallurgy. 
viously reported, the elements, as received 'in Radiometallurgy, appeared 
unchanged as  a resu l t  of i r radiat ion.  
indicated the diameters of the element were unchanged. However, a 
slight increase in length w a s  observed. 

I r rad ia t ioc  tes t ing  of eight experimental 

The differences noted were within 
EX&naC,ion of the elements is  under way in 

With the exceptior of a reddish-brown deposit pre- 

Post-irradiation measurements 

Fluted Fuel Element Irradiations.  Two f lu ted  N-Reactor s ize  single- 
tube fue l  elements have completed six cycles of i r rad ia t ion  i n  the 
ETR M-3 f a c i l i t y .  
specif ic  power of 130 kw/f t  w i t h  a corresponding maximum fue l  tempera- 
t u re  of 520 C. The accumulated m a x u m ~ m  exposure i s  currently 
1200 W / T  and the measured volume increase i s  0.54. 

These f u e l  elements have operated a t  a maximum 

High Temperature I r radiat ion of I&E Fuel Elements. 
I&E fue l  elements have been i r radiated in  the GEEl-4 loop f a c i l i t y  i n  

Four Hanford tubular 

the MTR t o  investigate the Eusceptibil i ty of these elements t o  the grain 
boundary tear iog phenomenon. 
varied from 700 t o  50 C aLd 3130 t o  350 MWD/T, respectively. 
diameter increase of l e s s  than 1% was observed, indicating tha t  l i t t l e  
or  no grain boundary tearing occurred. 
f u e l  sections for possible evidence of grain boundary tearing i s  under 
way. Some bumging of the  outer and inner cladding was observed, as w a s  
a s l igh t  warping of a l l  four elements. 

The maximum fue l  temperatures and burnups 
A maxi- 

Metallographic examination of 

1 , 2 3 3 0 3 4  
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Fluzed PLei Elenen% Examinatior;. 
cf T.5e N-imer s i ze  f lu t ed  e l enz i t s  vhich were i r r ad ia t ed  t o  
2000 .HWD/T ir, coid var,er i n  the  KE-Reactar was cc-leted. 
a d d i t i m  t o  the observable gross swelling v h x h  cccurred t e a r  the 
ends cf the elemects, a considerabie vol;lme b c r e a s e  had taken 
place through0u.t the length of the element withcut damage t o  the 
Zircaloy-2 cladding. 

The pos t - i r rad ia t ion  examination 

In 

A density determination on a three-ioch long sect ion f romthe  cecter 
of one element indicated a voltme increase of 746 had occurred. 
swelling was the r e s u l t  of a "qrain boundary tear=" pheaomenon 
?=lased t o  %he anisctrDpic growth of uranium-kich has been seen 
brevicusiy in high exposure uszium i r rad ia ted  in cold water. 

The 

Alt&ccgh the fue l  f a i l u r e  which occurred i n  t h i s  i r r a d i a t i c n  tes?  
w a s  probably associated v i t h  the  gross sweillng observed a t  the end 
capsp it i s  noteworthy t h a t  t he  cent ra l  sec t icn  of the  f u e l  element 
swelled some 74 without evidence of cladding i n s t a b i l i t y .  A no& 
tubuiar element would probably have f a i l e d  a t  a much lower volume 
increase due t o  local ized i n s t a b i l i t y  (necking) of t h e  cladding. 

Examination of High Temperature Tubular Fuel Elemems. 
i r r ad ia t ion  examinations of KSE-5 e l e m n t s  is i n  progress i n  Radio- 

Post- 

n&allmgy. 
t o  an exposure of 1070-1350 MWD/T a t  maximum f u e l  t e q e r a t u r e s  i n  
t he  range of 525 t o  600 C. 
element which showed 2.284 volume increase during i r rad ia t ior .  has 
revealed evidence of p a r a l l e l  nicrocracks within i so l a t ed  uranium 
g r a b s .  A deta i led  examination w i l l  be required t o  e s t ab l i sh  the  
ex ten t  t o  which these microcracks have contributed 50 the  measured 
fuel volume increase.  

These elements were- i r r ad ia t ed  in a &-loop f a c i l i t y  

A metaliographic examination of one f u e l  

Cl'adding Defomation Studies. Thir ty-s ix  NaK capsuies containing a 
t o t a l  of 94 Zircaloy-2 clad uranium rods have been i r r ad ia t ed  t o  
provide data  on the  s t r a i n  capab i l i t i e s  of Zircaloy-2 claddlng a s  a 
function of cladding thickaess  uniformity, temperature, and exposure. 
A t o t a l  of 54 samples have been examiced v isua l ly  m d  diameter mea- 
surements cozapleted. 
deep s t r i a t i o n s  i n  a nominal 0.C25-inch t h i c k  claddfng, necking or 
s p l i t t h g  of the  cladding has occurred. The minimu cladding s t r a i n  
on these sampies is  approximately l$. On the  samples with 0.004-inch . 

deep s t r i a t i o n s  In a nominal O.025-inch th i ck  cladding, the  r e s u l t s  
a r e  not wholly consis tent .  On some samples no i n s t a b i l i t y  i s  observed 
even up t o  1.84 cladding strain. 
observed a t  locat ions other  than the  h t e n t i o n a l  s t r i a t i o n s .  Metal- 
lography cf t r amverse  cross-sections frcm ce r t a in  of these i r r ad ia t ed  
s a q l e s  is planned. 

!B a l l  s q l e s  w i t h  ose, twor o r  four  0.008-inch 

Alsoj oc soEe samples necking is  

. ,  . .  

1 2 3 3 0 3 5  



A- 3 

Macrophotography and diameter measurements have been completed on 
three,  6 - k c h  long saqles which xere i r rad ia ted  t o  provide quali- 
t a t i ve  daza CD the p l a s t i c  flow of uranium under i r rad ia t ion .  Two 
of these 0.6-inch diameter rods have nominal cladding thiclmesses 
of 0.020-inch mi  the other a nominal claddirg thickness of 0.040- 
inch. 
surface which offers LS resistaxice t o  longi tudiml  movement of the 
uranium fuel .  
samples showed tha t  z l a s t i c  flow of the uranium reduced the swelling- 
induced claddir,g s t r a i n  f o r  1.25 inches on the rod with the 0.040- 
inch th ick  cladding and f o r  Oe9-inch on the rods with the 0.020-inch 
thick c1addir;g. 
section was cLlculated t o  be L$ 01: The rods with the nominal 0.020- 
inch thick claddirig and approximately 2$ OL the  rad with the 0.040- 
L c h  thick cLa3dinge The estimated average c l addkg  C,emperature QIL 

these elements i s  400 C- 

One end of each of these rods i s  open, thus presenting a 

Measurements made from the  photographs of these 

The diamsr.er x c r e a s e  beyond the stress relieved 

Fuel Fouling Detecccr. 
was completed. 
coextruded rod of Zircaloy-2 clad thorium-uranium f u e l  a l loy.  
of the probes have Zircaloy-2 clad thermocouples in which a Be-Zr 
brazc joint  was ui=ed zo ef fec t  the thermocouple s e a l  aad four 
u t i l i zed  s ta in less  s t e e i  clad thermocousles i x i  which a compreEsion 
s e a l  i s  used. Fol lmisg  f i n a l  au%oclave t e s t a  cne of the probes 
with a Zircaloy-2 clad thermocouple w i l l  be i r rad ia ted  in the ETR 
P-7 loop t o  e v a l u t e  its performaxice ic high-temperature pressurized 
water e 

Fabrication of e ight  f u e l  fouling detectors 
!These one-inch diameter probes were prepared from a 

Four 

Destructive examkation of sectioris of the double-sheathed Wrcaloy-2 
clad thermocouples L=ed i n  ';he fabricatiofi  of +&e above probes con- 
t inues  t-o indicare t h a t  the  outer 20-mil th ick  shea%hs are sound. 
The defects indicated io eddy current t e s t s  have so f a r  been associated 
with the th-er inmr sheashs. 

Target Material Devrloynent. 
modified t o  permit lcnger e l t s  as p a r t  of the preparation for the  

The vacuum melt furnace has been 

Poison C O l m A  aLd Physics Test f o r  N-Reactor. 
w i l l  permit up to 60 i b s  of aluminum t o  be melted a t  one time. 
Graphite molds have been fabrica+,ed f o r  making extrusion b i l l e t s .  
These molds w i l l  make a 12G-lb extrusion b i l le t .  ir a double pour. 
A t o t a l  of four alummum b i l l e t  she l l  castings f o r  pre-extrusion, 
six aluminm-l$ l i t h i m  d i r e c t  cast  ingots,  and six pre-extruded 
extrusioc b i l leza  w i l l  be casfu. of these ,  the four aluminum b i l l e t  
s h e l l  c a s t b g s  havs bzen made and machining has s ta r ted .  
w i l l  be coextruded in the 333 Fress cold. 

This modification 

This material 

DECLASSIFIED 
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Weld Development. 
cmducted i n  NRD. 

A study t o  evaluate unbonded end caps is  being 
To prevent any argon gas which might be trapped 

durir,g T I G  welding an unbonded cap from becoming a fac tor ,  it was 
decided t o  electron beam veld the f i rs t  POT. 

Six+,een elements were welded. 
the end cap - 0.040-Fnch longer than the clad. NRD testiLg of the 
weids included x-ray, metallographic sez+,ion, and, because of some 
coccern over lack of f i t  between cap ard  element, an end loading 
zest TO determine i f  the weld would f a i l  i f  excessive pressures 
were encountered dsring charging. 
t e s t s  e 

A step jo in t  was formed by leaving 

The elements passed a l l  of these 

N-Reactor Fuel Support DeVelOFment. 
the e f fec t  of reactor t.he=mal cycling on the  g r a t h  of hydrides i n  

A t es t  w a s  rurr t o  determine 

su~pcrts.  m e r  supperts which-vere-attached to elements auto- 
clavEd, solution annealed, and sized UT accord- t o  ';he current 
manufacturing procedure were heated t o  260 C and furnace-cooled t o  
s inda te  a reactor thermal cycle. 
w a s  observed i n  the microstructure of the Wrcaloy-2. The e f fec ts  
on the  compressive fat igue strength of the sized-up supports i s  
being evaluated. 

Fretti= Corrosion of N-Reactor Fuel Elemerts. 
on N-Reactcr f u e l  elements in high temperature flowing water have 
been coq le t ed  during the year on elements with soft-sized and hard- 
sized buggy spring inner element supports. 
t e s t s ,  induced v ib ra t i c r  is  being impressed on the outside of the 
horizontal process tube. 
on tine soft-sized element after a one-day exposure a t  41 cps and s i x  
days a t  54 cps. 
during the  four remaining t e s t s  when the induced vibraticn frequency 
w a s  less than 60 cps. 'iienever the frequency w a s  increased over 
60 cps (up to 83 cps), severe f r e t t i n g  occurred between the inner 
element supports and-their  contact areas on the  outer element clad- 
ding. Tests on elements with microcracks in t he  buggy spring 
supports (pr ior  t o  t e s t i r a )  showed tha t  a l l  su?ports would f a i l  by 
a combination of fa t igue arid f r e t t i n g  corrosion whenever induced 
frequencies above 60 cps were employed. 

No deleterious grovth of hydrides 

Five f r e t t i n g  tests 

During portions of the 

Fretted areas up t o  18 mils deep were found 

No fretting w a s  found on the  hard-sized elements 

Rupture Testing of Irradiated N-Reactor Fuel Elements. 
element, i r rad ia ted  t o  1730 MWD/T i n  XER-4 a t  a vater  t e q e r a t u r e  of 
262 C y  w a s  predefected a t  Radiometallurgy and tes ted  in the Irradiated 
Rupture Prototype (mj. After nine hours a t  300 C, no reaction had 
occurred. 
penetrate t o  the  uranium and the  element w a s  returned t o  Radiometal- 
l u rgy  f o r  redr i l l ing .  

One f u e l  

It w a s  concluded tha t  the  defect w a s  not deep enough t o  
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Another fue l  element 2rradfat.ed t o  1200 MWD/T IL K-4 at a water 
temperature of 22e C had an inzubafion time of 45 minutes a t  300 C 
i n  the IRFL The temperature vas held a t  300 C f o r  f i v e  minutes 
and the= cooled a? the N-Reacsor programmed ccoldom r a t e  which i s  
about 3* C per mir-ute. The e c t t v i t y  as  i r l l icated i~ +,he two micro 
f i l t e r s  increased very slowly f o r  the  f i r s t  few m u t e s  a f t e r  the 
s t a n  of the  r q t u e  a d  ther. iccreased rapidly (from 45 mr/hr t o  
800 mr/hr 1 f o r  severai  minmes 
creased as  the temperature decreased. 
r i s ing  a t  1500 mr/hr. when the  temperasure dropped down t o  220 C. 
The f u e l  elemezt vas discharged h i t o  t he  242-B Basin f o r  examination 
and weighing. 
s'lngie raised alid t o n  rtnnd,  a b u t  3/4" i n  d iaEt .e r .  

T.hereaft.er the  corrmion r a t e  de- 
The filter a c t i v i t y  stopped 

Weight. l a s s  was 1 2  grams; the  rupture corisisted cf a 

These P-Reactor cuter f u e l  e l e x ~ z ~ t s  vere the  first t o  hs harf led Ir, 
ahe 242-B B a z f r  f s c i l i z i e s ,  The f a c i l i t i e s  worked s a t i s f a c t o r i l y  f o r  
mderwater loading 2rd uidaadhg cf casks, carinlng ruptured elements, 
examination and weighixig I) 

Dezoctandnatioxi sf the ;oap w a s  performed a f t e r  backflushing the  
f i l t e r  (backflushing reduced the  f i l t e r  a c r i v i t y  from 1500 mr/hr t o  
310 mr/hr j ., A s icg le  decataminat ion solut ion,  peroxide-peracetic- 
oxalate, re&uced the  f i l t e r  a c t i v l t y  t o  60 mr/hr a f t e r  30 minutes a t  
35 c .  

2. Corrosion and Water Q u u i t y  Studies 

Coatinuous In-Reac5or Corrosion hasurement.  Prcbes f o r  continuous 
measuremem of alumicurn md s t e e l  corrosioxi were installed in  the  
outlet .  ends of i r - r eac to r  charnels a t  the 1706 Single-Pass F a c i l i t i e s  
SP-5, 6, X, a~j. Y (current ly  e v a l u a t k g  quachrom glucosate h h i b i t o r ) .  
CorrosioL I s  meanred ind i r ec t ly  by change iL e l e c t r i c a l  resistaxice 
of x i r e  s p e c i m ~ ~ s ,  Recor3x-g instrumeLtaticn i n s t a l l e d  OL these 
probes prcvides a c o z = i r u s s  record af ccrrosfon during both reactor  
operating and shutdown periods.  fUl'asxrsmense f romthese  probes show 
the  periods of r e l a t i v e l y  rapid ccr ros ior  r a t e  a5 reac tor  ccolant 
temperatures increaFe d u r k g  sxarzup or  decrease duriug shu'down. 
Typical measuremeL;rs from one probe during t h i s  b i t i a l  exposure 
showed a penetration of 1,40 f G.iG micromches i~ a one-hour period 
just p r i o r  t o  reactor  shuzciswn: and 0.80 i 0.11 zicrcincki in the next 
hour (inmediately a f t e r  ehutdovrj.). These measuremmts correspoad t o  
corrosion r a t e s  cf i.0; f 0.07 niils per  mnth ,  acd 0.56 f 0.098 m i l  
per  mcnth; respec$ivelys duriw these one-133ur periods.  C~UFOE samplee 
a re  Fn place i m d i a r , e i y  upstream from each cf these probes. 
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hod ized  Aluminum Nozzles. 
(candidates f o r  color i den t i f i ca t ion  of spec ia l  reactor  nozzles) 
have been exposed e ight  days i n  cold process water and six days 
i n  90 C process water without shoving v i s ib l e  corrosion. 
seventh coating ( su l fur ic  ac id  anodized-chromic ac id)  showed 
near ly  complete color fading. 

High Velocity Corrosion Effects .  x-8001 and x-8003 aluminum coupons 
were discharged f romthe  high ve loc i ty  t es t  sect ion a f t e r  12  days of 
exposure t o  95 C process water a t  a bulk veloci ty  of 42 fps .  
coupons were coated w i t h  a uniform brown fi lm. After removal of the  
film, v i s ib l e  erosion, corrosion e f f e c t s  were discernible ,  particu- 
l a r i y  on the x-8003 al loy.  

Six types of anodized aluminum 

A 

The 

The quant i ta t ive r e s u l t s  were as follows: 

Penetration Film Buildup 
(*,/c$) 

Aluminum 
All3y (mils) 

X-8001 0.72 3.3 
X-8003 0.66 3.1 

Other csupons of these a l loys  remain In the  operating f a c i l i t y  and 
w i l l  be discharged a f t e r  lcnger exposures. 

A variable veloci ty  coupon holder was placed in the  system durillg 
September. The x-8001 aluminum specinrens are sub$ect t o  a linear 
veloci ty  gradient from 16 fps  t o  42 fps  over a length of f ive  inches. 

N-Reactor Steam Generators. 
t h e  fumes given off from charred purge balloons and charred o r  un- 
charred vapor phase m i b i t o r  (PI) w i l l  cause s t ress-corrosion 
cracking a t  room temperature or  a t  elevated temperatures. 
no cracking has occurred after 2i months of exposure a t  room t e m -  
perature  t o  uncharred W I  or a f t e r  14 months t o  specimens exposed t o  
charred purge balloon o r  VPI vapors. 

Tests were run t o  determine if loca l ized  carbon pickup in the steam 
generator tubing could have been a f a c t a  in the  intergranular  a+,tack. 
Samples containing residual amounts of severa l  types of lubr icants  
were heat- t reated a t  1150 F and then exposed t o  a Huey tes t .  
w a s  no increased corrosion a t  the areas  contaminated w i t h  the  lubr i -  
cants.  

Tests are continuing t o  determine i f  

To date,  

There 

. Passivation of Carbon S tee l  w i t h  Tri-Sodium Phosphate. Laboratory 
tests on the  passivat ion proper t ies  of tri-sodium phosphate on 
carbon steel  have shown tha t  c o q l e t e  passivat ion i s  maintained i n  
a i r  f o r  about one week. Passivation i n  a 0.5% TSP so lu t ion  was 

1 2 3 3 0 3 9  . 
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maintained f o r  an en t i r e  month, a t  which t i m e  t he  tes t  was con- 
cluded. 
half  immersed in the TSP solut ion and half  i n  a i r .  Waterline 
p i t t i n g  was found on samples removed f romthe  TSP, and then 
exposed half immersed in t a p  water and half  in air .  

There was no waterline p i t t i n g  on the samples exposed 

Examination of t he  N-Reactor primary piping two weeks a f t e r  
f lushing w i t h  a TSP solut ion has revealed only a few spots l e s s  
than 1/8" i n  diameter of very th in  surface rust. 

Development of Crud Detector Elements. 
i s  being conducted t o  determine the f e a s i b i l i t y  of using ammoniated 
coolant f o r  pH control i n  the N-Reactor primary system rather  than 
l i t h i a t e d  coolant. One of the major unknowns with amnonia pH control 
is the  r a t e  of crud deposition on f u e l  elements during the  i r r ad ia t ion .  
The most d i r ec t ,  avai lable  method f o r  measuring c r u d  deposition r a t e s  
is  t o  measure the change of metal surface temperature with a thermo- 
couple fue l  element or  crud detector.  To avoid previous def ic iencies  
i n  crud detectors  which resul ted i n  e a r l y  f a i l u r e s ,  a new design was 
prepared by packing enriched U$ powder t o  655 t heo re t i ca l  densi ty  
i n  a s t a in l e s s  s t e e l  can, welding, a t taching thermocouples, s l i p -  
f i t t i n g  i n t o  a 2 - 2  jacket and at taching supports. 
three s t a in l e s s  s t e e l  thermocouples located about t he  periphery of 
the s t a in l e s s  s t e e l  can. 

A s e r i e s  of in-reactor t e s t s  

Each element had 

Two of the  new crud detectors  were charged i n t o  K - 1  Loop, one element 
w a s  placed i n  the f ron t  and one i n  the  rear of the  charge. This i s  
the  f i r s t  t i m e  t h a t  two thermocouple elements have been charged i n t o  
a s ingle  reactor  tube. On s ta r tup ,  a l l  e ight  thermocouples were 
operating, although two seemed t o  give abnormally high readings. 
r eac to r  was shut down twice a f t e r  very short  operating periods and 
resumed operation a f t e r  min imum outages. 
not adversely a f f ec t  the  operation of t he  crud detectors .  

The 

mese power f luc tua t ions  did 

Evaluation of Ammoniated Coolant. 
wi th  ammoniated coolant w a s  resumed when the  reactor  tube outage was 
c o q l e t e d .  
downstream instrumented crud detectors .  

Operation of the I(-1 Loop a t  pH 10 

The loop charge includes hea ter  elements, and upstream and 

Ex-reactor operation of the  loop w a s  resumed two days p r i o r  t o  s t a r tup  
of the  reactor  t o  invest igate  the e f f e c t s  of t he  extended wet layup 
period with Bmmoniated coolant. Pr ior  t o  s t a r tup  of the  pumps, t h e  
loop coolant was very c l ea r ,  w i t h  no ind ica t ion  of so l id s  in the  samples. 
Within 30 minutes of pump s ta r tup ,  the  so l id s  (pr inc ipa l ly  magnetite) 
concentrztion increased t o  a high l eve l .  
on the  piping d id  not r e t a i n  i t s  adherent cha rac t e r i s t i c s  during the  

Evidently, the  magnetite f i l m  

:.,&7p.--- 
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extended wet layup period wi th  emmonisted coolant. 
layup treatment procedure vi11 be required ?o  micirmze t h i s  problem. 

The prccess tube was flushed wi th  high FGrisyr amnoniated coolant 
t o  remove process water before the loop resumed b-reac+uor opera- 
t i on .  
reactor  s ta r tup ,  and the  coolant qua l i t y  was within the  l i m i t s  
considered normal f o r  ammoniated cooiants a t  s ta r tup .  

A d i f f e ren t  

In-reactor zecirculat lon was resumed about 2L hourE p r io r  t o  

Operation of the loop since s t a r tup  has been sporadic due t o  reactor  
operating problem. 
mat.ei.y 1, 2, and 24 days duration have beer experienced TO da%e. Of 
special  k t e r e s z  is the  f a c t  t h a t  even w i t h  the  frequent temperature 
t r a m l e E t s  enccuntered, no problems were encax te red  with high so l id s  
concentrations or pH control In the coolant. 
symem w a s  used f o r  ;hese zests t o  obtain more representat ive samples 
of the ac tua l  coolant stream than those col lected previously. 
ammonium hydroxide in j ec t i cn  system w a s  a l s o  modifled t o  ?revent loss 
of ammonia t o  t h e  atmosphere. 
control of the  ammonia (and p H )  i n  t h e  coolant. 

Three separate a p e r a t k g  periods of approxf- 

h improved s q l i n g  

The 

This c h a g e  has resu l ted  i n  b e t t e r  

Formaticn of HpQ. 
product during radiolysis  of aqaeous coolant stream. When rad io lys i s  
is s igni f icant ,  peroxide concen-crations of 5-15 Fpm may be encountered 
ir the  coolant. Tests were conducted t o  determine the  amourt of 
interference exountered  i n  the  manual procedure f o r  dissolved oxygen 
measurement as a function of t h e  peroxide concentration. The results 
confirmed t h a t  peroxide does in t e r f e re  and icdlcated a r  b t e r f e r e n c e  
f ac to r  (ppm Wppm H2@) of 0.42-0.45 ccmpared tc a predicted value 
of 0.47 based on decomposition of peroxide t o  vater aDd oxygen. The 
discrepancy between observed and predicted values 1s a t t r ibu ted  to 
problems involved in preDaring accurate persxtde standards i n  the 
oxygen analysis  equipment, and t o  operatcr e r r o r  irr m a l y s i s .  The 
predicted interference f ac to r  1s copsidered a c r u a t e  f o r  analysis  of 
sample streams containing peroxide. Tests  are zov i n  progress t o  
determFne the  extent  of peroxide m t e r f e r e m e  with t h e  cantinuous 
analyzers t h a t  - d i l l  be used f o r  oxygen measwerent at N-Reactor. 

Hydrogen peroxide i s  formed as an intelmediate 

Di-Reactor Czpsule I r r ad ia t ion  of Lithiun-Alu.uLrxx@ Target Alloy, 
Rates of tritium evolution from i r r ad ia t ed  alumbun-li thium al loys 
were determined by withdrawai of helium-tritium gas mixtures from an 
b - r e a c t o r  capsule; tritium concentrations w e r e  determined by mass 
spectrometer analysis  e 

Tritium evolution rates a t  temperatures betweer. 500 C and 390 C infii- 
ca te  an ac t iva t ion  energy of 4.4 kcal  f o r  t h e  process. This ac t iva t ion  
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energy i s  s l i g h t l y  higher than the  range of ac t iva t ion  energies 
reported f o r  hydrogen permeation of aluminum. 
the ac t iva t ion  energy reported in DP-743 f o r  ex-reactor tritium 
outgassing of Al-Li a l loys  i s  140 kcal.  
apparent temperature coef f ic ien t  probably results from swelling 
and f i ssur ing  a t  the high temperatures of the  duPont outgassing 
experiments. 
evolution r a t e s  a t  r e l a t i v e l y  low temperatures (200-400 C )  where 
swelling e f f ec t s  are  apparently l e s s  than 15 (DP-744). 

On the  other hand, 

This extremely high 

The value of 4.4 kcal i s  more l i k e l y  t o  be t yp ica l  of 

A second capsule has been fabr ica ted  and w i l l  be charged on the  next 
reactor outage, probably near the f i rs t  of October 1963. The second 
capsule has provisions for water cooling and has two s e t s  of heating 
co i l s .  After su i tab le  i r r ad ia t ion ,  tritiun outgassing r a t e s  w i l l  be 
measured a t  controlled temperatures wi th  and without the  reactor  i n  
operation t o  study the e f f e c t  of rad ia t ion  on tritium evolution r a t e s .  

Erosion-Corrosion of Aluminum Alloys. Studies of accelerated aluminum 
corrosion are  being conducted a t  r e l a t i v e l y  low temperatures (90-95 C; 
194-203 F) in deionized, reac tor  process, and 300 Area sani ta ry  waters. 
Four-inch-diameter aluminum disks  a re  rotated in water a t  per ipheral  
speeds up t o  90 f t / s ec .  
occurs in 300 Area water which s t rongly resembles groove p i t t i n g  ob- 
served on aluminum in-reactor .  The a t t ack  produces groove p i t s  near 
the periphery of the disk; the  a t t ack  becomes l e s s  pronounced toward 
the  center of the disk a s  the  e f f ec t ive  ve loc i ty  decreases. Addition 
of 1.8 ppm sodium dichromate did not prevent the  p i t t i n g  a t t ack  in 
300 Area water. Rotational speeds up t o  75 f t / s e c  in deionized water 
and deionized water with 10 ppm chloride ion f a i l e d  t o  i n i t i a t e  p i t t i n g  
at tack.  P i t t i n g  a l so  did not occur in a s ingle  run in reac tor  process 
water. The pH rose from 6.8 t o  8.4 during the  run, due t o  water losses  
f romthe  tank, which apparently caused scal ing.  A s e r i e s  of m s  a re  
now under way t o  inves t iga te  the  e f f e c t  of pH on the  i n i t i a t i o n  of 
p i t t i n g .  P i t t i n g  did not 
occur during 72-hour runs a t  p H  6.7-6.9 and 7.5-7.7. Increasing the 
per ipheral  speed from 75 t o  90 f t / s ec  a t  pH 6.7-6.9 did not i n i t i a t e  
p i t t i n g  i n  a 72-hour t e s t .  
associated w i t h  combined e f f e c t s  of sample veloci ty  and water chemistry, 
w i t h  pH being the  most importarit s ingle  chemical parameter. To date,  
the results of the t e s t  point  t o  possible  l o c a l  increases  in pH as  a 
contributor t o  in-reactor  i n i t i a t i o n  of groove p i t s .  

I n  72-hour t e s t s  at pH 8.5-9, an a t t ack  

Carbon dioxide is  used f o r  pH adjustment. 

The groove p i t t i n g  a t t a c k  seems t o  be 

Corrosion of Aluminum i n  Neutral Deionized Water. 
run t o  determine the e f f e c t  of oxygen content in high temperature 
water on the oxidation of two aluminum a l loys ,  x-8001 and KYZ. 
Coupons were exposed f o r  two, seven, and 30 days i n  a 350 C (662 F) 

An experiment was 
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s t a t i c  autoclave. No e f f ec t  of oxygen on corrosion w a s  

3. Gas-Atmosphere Studies 

GraDhite Burnout Monitorhg. About the middle of July, 

observed. 

B-Reactor 
began operation under a tes t  authorization which permitted p a r t i a l  
replacement of helium with carbon dioxide and an increase in 
graphite temperatures (HW-77827). The plllpose of t he  t e s t  was t o  
deinonstrate reduction i n  He losses  (which amounted t o  about 1.8 
million dol la rs  l a s t  year (HW-74705 ) ), without s ignif  i czn t ly  in- 
creasing graphite burnout rates. 

A t  the  start  of t h i s  production tes t  the  usual burnout monitoring 
chamel,  3461, and a new channel, 1081, were charged with small 
TSGBF graphite monitors. The reactor  s tack  i t s e l f  i s  composed of 
KC-type graphite which is less pure and oxidizes abcut 1 .2  t o  3 
times as  f a s t  according t o  laboratory t e s t s .  

The monitors showed very low burnout r a t e s  - the  highest  measured 
rate was about 0.5$/KOD (v iz . ,  per 1000 operating days), on the  
basis  of KC- type  graphite. Mmeover, there  was no peak near 80 
inches in to  the  stack, indicat ing no a i r  in-leakage during the t e s t .  
There were some weight gains of monitors in t h e  end of channels, a 
f a c t  previously interpreted a s  due t o  the  disproportionation of CO. 

During most of the  tes t  the  CQ concentration in the  reactor  gas was 
about bo$. 
Hel ium losses  were reduced about one-third, t he  improvement a t t r ibu-  
t a b l e  e n t i r e l y  t o  the  change in gas composition. 

During the  l a s t  th ree  days it w a s  g rea te r  than 6o$. 

Mni to r s  were a l so  discharged and replaced in channel 3580 a t  F- 
Reactor. 
highest  burnout r a t e  was about 0.4$/KaO. 

For the  period from January 29 t o  A u g u s t  5, 1963, the  

Kinetics of t he  Reaction of Carbon Dioxide and Hydrogen a t  840 C. 
Study of t he  k ine t ics  of t he  react ion of carbon dioxide and hydrogen 
has continued. 
with the  f i r s t  power of the  Co;! concentration leading t o  the  following 
complete r a t e  expression when CO and H20 concentrations are small 

In recent work the  rate w a s  found t o  vary l i n e a r l y  

The spec i f ic  r a t e  cons an t  based upon 16 runs a t  840 C is  4.0 x 
10-2 l i t e r s V 2  moles- 'I2 sec- l  with an average deviation of f 16. 

I 2 3 3 0 4 3  
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4. 

The r a t e  expression i s  I n  agreement with published r e s u l t s  (Graven 
and Lorg, J. Am. Chem. Soc,, 76 ,  2026, 1954), but t he  rate constant 
i s  lower by a f a c t c r  of three. 

Effect of Precipizased Hydride on Hydrogen Absorption of Zircaloy-2. 
The August 1963 Monthly Report reported t h a t  t he  r a t e  of hydrogen 
absorption of Zircaioy-2 durirg corrosion i n  400 C (752 Fj, 1500 p s i  
steam was only s l i g h t l y  a f fec ted  by an i n i t i a l  hydrcgen content of 
410 ppm. 
addi t ional  234 ppm hydrcger: added during corrosion (655 ppm t o t a l )  
w a s  uniformly d is t r ibu ted  throughout The sample with no layers de- 
tec ted  under the  oxide. 

Metallography of samples corroded f o r  294 days showed the  

Process Tube DevelspeLt 

Tube B u r s t  Studies .  Brit . t le  f r ac tu re  t z s t s  have been performed a t  
room temperature OP N-Reactor pressure tube Sections coctaining 
mi l l ed  s l o t s  up 50 one and one-half inches in length and 8$ 
through the wall thickness.  
decreases with hicreasing crack length,  b e u q  1009000 psi a t  one- 
half  inch; 91,000 p s i  a t  : /8  inch; 80,000 p s i  a3 0.81 inch; 71,500 p s i  
a t  oae inch; and 55.000 p s i  a? oae and oxie-half inches. The lowest 
of these values i s  u r e  thar. s ix  t u n e s  the  proposed reacSor operating 
s t r e s s .  

The stress a t  which f r ac tu re  occurs 

Speed of crack propagation w a s  measured by a~ e lec%rmic  method on 
one of the tests ir t.he s e r i e s  rperitioned above. 
inch in  diameter were cemexited t o  the  Tube w a l l  a t  one-inch i r t e r v a l s  
across the  path t.0 be follcwed by the  crack. The wires were connected 
t o  a c i r c u i t  netwcrk in such a way tha3 as they were successively 
broken by the  advaxicx-g crack they produced a pulse on an oscil loscope 
screen. 
crack t i p  t o  be 2750 f t i sec , ,  xniparing well  witk a value of 2100 f t / s ec  
reported e a r l i e r  as m a s u e d  by high speed photography. 

Copper wires 0.022- 

Spacing G f  the pulees h d i c a t e d  the  veloci ty  of t h e  moving 

Stress-RLipture Fac i l i t y .  This f a c i l i t y  has continued t o  operate a t  
capacity during -he pas t  mmh. New over-temperature shutdown 
instrumertat ioss  have beer  i s s t a l l e d  t,; prevent t h e  loss of t e s t s  
when a malfmctiorr i n  The teqerature control  occurs, A new series 
of t e s t s  upon the  Stai51€5S sfem generator tubes for  the  N-Reac+,or 
w a s  begun. To dat.e, 25 s e c t i o r s  of t h i s  tubing with f l a w s  Ir excess 
of 8 6  of the  w a l l  thickness have each widergone 232 hours a t  300 p s i  
i n t e rna l  pressure aEd 300 C (572 F).  No measurable dimensional 
changes have occurred in these specimens, Twelve s q l e s  were burst-  
t e s t e d  a t  e l emred  t e q e r a t u r e s .  

i 2 3 3 0 4 4  
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5. Thermal Hydraulic Studies 

N-Reactor Studies. Experiments were continued i n  the heat t r ans fe r  
laboratory t o  investigate the pressure drop a t  the entrance t o  the 
N-Reactor rear  nozzles as affected by the  or ientat ion of the spacer 
pieces. Since the spacer pieces have holes between the  annular and 
inside flow channels, the  angular posi t ion of the most downstream 
spacer piece determines the degree of alignment of holes i n  the 
spacer piece w i t h  the  flow channel in the  e x i t  of the r ea r  nozzle. 
Previous experiments by Equipment Development, IPD, showed tha t  when 
holes i n  the spacer piece were i n  l i n e  w i t h  the  nozzle e x i t ,  the 
pressure drop was considerably l e s s  than when these flow passages 
were not i n  l i n e .  
d r i l l i n g  additional holes t o  allow be t t e r  chances of alignment of 
flow passages. 

. 

As a r e s u l t ,  the  spacer pieces were modified by 

Results of experiments showed the var ia t ion  i n  pressure drop with 
angular posi t ion t o  be much l e s s  f o r  the  modified spacers than f o r  
the  or ig ina l  spacers. 
spacers were approximately equal t o  those f o r  the  or ig ina l  spacers 
in t h e i r  most r e s t r i c t i v e  posi t ion.  
200 gpmthe pressure' drops w i t h  the  modified spacers ranged from 
9.3 t o  10.2 ps i ,  compared w i t h  7.4 t o  10.4 p s i  with the  unmodified 
spacers. 

However, the  pressure drops w i t h  the  modified 

For example, a t  a flow of 

It was noted t h a t  these pressure drops were subs tan t ia l ly  lower than 
those obtained i n  the Equipment Development loop w i t h  unmodified 
spacers. In the  Equipment Development loop a t  100 F and 200 gpm, 
the  pressure drop a t  the  o u t l e t  nozzle ranged from 11.2 t o  16.3 ps i .  
Thus f a r ,  the  difference i n  r e s u l t s  from the  two expe r iEn ta1  loops 
has not been explained. 

Outlet nozzle pressure drop measurements were a l s o  made w i t h  a 
d i f f e ren t  type of spacer in  the ou t l e t  nozzle. This spacer con- 
s i s t e d  of 2-inch long sect ions f romthe  ends of a normal spacer 
separated by a centered 15-inch length of 1/2-inch pipe.  Outlet 
nozzle pressure drops using t h i s  spacer were about 554 l e s s  than 
those obtained w i t h  the  modified spacers. 

Heat t r ans fe r  experiments were s t a r t ed  with a f u l l  sca le  e l ec t r i ca l ly -  
heated model of a half  column of N-Reactor f u e l  elements t o  determine . 

various thermal hydraulic cha rac t e r i s t i c s  of the  N-Reactor. One .hund- 
red and twenty-three s e t s  of measurements were made t o  determine the  
pressure drop-flow re l a t ions  of the f u e l  t r a i n  and hydraulic connec- 
t o r s  during heat generating conditions. Data were taken a t  1200 psig 
f o r  heat generation r a t e s  of 2600, 2500, 2250, 2000, 1500 and 1000 kw 
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with out le t  conditions ranging from 84 steam by weight a t  2600 kw 
t o  3 6  a t  1000 kw. 
generation r a t e s  of 2000, 1500, 1000, and 500 kw with ou t l e t  con- 
di t ions ranging from 11% steam bywight  a t  2000 kw t o  35% a t  500 kw. 

The t e s t  section used i n  the experiments consisted of a heater rod 
of N-Reactor geometry, together with prototypical  ou t l e t  piping 
beginning with the downstream spacer charge and continuing t o  the  
out le t  r i s e r .  
following dimensions: 

Data were a l so  taken a t  850 ps ig  f o r  heat 

The heater  rod is a tube-in-tube element of the 

Outer tube OD 2.390 inches 
I D  1.775 lr 

I m e r  txbe OD 1.220 'I 

ID 0.440 '.' 

The ac t ive  lecgzh of the heater  rod i s  17.5 f e e t  and is  made up of 
materials of various r e s i s t i v i t i e s  t o  represent the  cosine power 
d is t r ibu t ion  of the donstream half  of an &Reactor f u e l  column. 
The heater rod i s  housed i n  a 2.70-inch ID pressure tube. Ceramic 
supports attached t o  the inner and outer  tubes i n  the same pat te rn  
a s  the  ac tua l  f u e l  su2port.s serve both t o  suppcrt t h e  heater  rod 
and e l e c t r i c a l l y  insu la te  it. f r o n t h e  pressure tube.  Flow t o  each 
of the three f lov chamels  i s  separately controlled and measured, 
2nd since there  is  EO inner junction flow between the  channels, the 
flow remains separate u n t i l  it recombines upstream of the  downstream 
spacer charge. 
sect ion permit t.he pressure drop of each charnel t o  be measured. 
The heater  rod i s  histrumelited with 16 thermocouples equally divided 
between the  i m e r  ar;d ou%er tGbes. 
located a t  the  outer surface of the tube and the  other half  a r e  
located a t  the "adiabatic" radius of the tube. 

Pressure taps  a t  each end of the  heater  rod ac t ive  

Half of t he  thermocouples a re  

The pipicg downstream of the  heater  rod cons is t s  of a length of 
2.7O-inch ID pipe coxitaining the support charge of two short  and 
four 10% supports, an N-Reactor nozzle, a 47-foot run of connector 
piping, and a diversion valve dischargirrg in to  a 4-inch r i s e r .  
Pressure taps  a re  located along the piping system t o  provide pressure 
drop measurements acrocs selected comporents. , 

Burnout indicatioris were C G ~  observed a t  any of the  1200 psig 
operating conditioss.  
i n  the hole channel of t he  heater  rod w a s  observed a t  a condition 
of 1500 kilowatts and m o a t l e t  qua l i t y  of 214. This flow ins ta -  
b i l i t y  had the magnitude of a 505 swir-g-in flow alid a 1004 swing-in 

However, a t  850 psig,  a flow i n s t a b i l i t y  
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pressure drop across the hole channel. A thermocouple located a t  
the  "adiabatic" radius between the  inner and outer surface of t h e  
inner tube had a swing of 40 F. 

No detai led analyses of the  experimental r e s u l t s  have been made as 
yet. 
t h a t  a t  1200 psig the increase i n  r i s e r - to - r i s e r  pressure drop due 
t o  boi l ing during a flow r e d x t i o n  a t  constant tube power would be 
less than calculated. A t  3046 ou t l e t  qua l i ty ,  the estimated r i s e r -  
t o - r i s e r  pressure drop w a s  l e s s  than 10% grea ter  than a t  zero 
qual i ty ,  and well below the  pressure drop a t  normal operating flows. 
Under these conditions, flow i n s t a b i l i t y  should not occur. 

However, a preliminary examination of t he  data ind ica tes  

Hydraulic Tests of Spline Inse r t  bbdifications.  
number of scrams in the  present production reactors  have resu l ted  

In recent months a 

from fa i lu re  of the poison sp l ines  used i n  individual tubes f o r  
reactor  physics purposes. 
f a i lu re  from vibrations induced by the  high veloci ty  water stream 
enter ing the nozzle and impinging on the sp l ine .  
i n s e r t s  have been redesigned t o  allow grea te r  support and protect ion 
of the  poison spl ine and thus reduce t h e  vibrat ion and the  number of 
sp l ine  f a i lu re s  i n  the region of the f ron t  nozzle. 

Hydraulic tests were conducted t o  determine pressure drop r e l a t ions  
f o r  t he  redesigned nozzle i n s e r t  when used in a new K-Reactor nozzle 
of the extruded type which has a perforated p l a t e  over the nozzle 
M e t  por t .  (The perforated p l a t e  design w a s  intended f o r  use i n  
nozzles on nanribbed tubes which would be charged with s e l f -  
supported f u e l . )  
has s l i g h t l y  lower pressure lo s ses  than the old blunt shape i n s e r t  
which d id  not  support the  poison sp l ine  i n  the c r i t i c a l  area. 

These f a i l u r e s  were a t t r i bu ted  t o  fatigue 

The nozzle cap 

The tes t  r e s u l t s  show tha t  the new tapered insert 

F'urther t e s t s  were conducted t o  determine the  e f f e c t  of not per- 
fo ra t ing  a port ion of the  perforated p l a t e  i n s e r t  i n  t he  extruded 
nozzle. 
from the high veloci ty  water where it en te r s  the nozzle. Use of a 
perf p l a t e  w i t h  a blanked port ion d id  r e s u l t  i n  increased pressure 
losses  across the f ron t  nozzle. Quantitative r e s u l t s  of these t e s t s  
are presented i n  IIW-78883. 

This nonperforated port ion would pro tec t  the  poison spline 

6. Shielding Studies 

MAC Code Cross Sections. 
completed except f o r  t he  removal cross  sec t ion  compilation. 

The 31 group MAC cross  sec t ion  l ib rary  i s  
These 

cross-sections are cur ren t ly  being calculated.  
l i b r a r y  has been s e t  up, and ca lcu la t ion  of these group cross  sect ions 

A 1 5  group MAC 
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are  well under way. The group s t ruc ture  

EW-79046, .. 
'*. - 4. 

5. - . - .  

consis ts  of 13 equal 
groups of lethargy-width 1:15,-a 14th  group of le thargy width 
2.30, and a thermal group. 
the or igin and use of these cross sect ion l i b r a r i e s .  

I?-Reactor Shield E x p e r b n t  Preparation. Equipment required t o  
perform the evaluation of the  N-Reactor primary sh ie ld  i s  being 
tes ted  in the  exponential p i l e  laboratory.  
time t o  date has been spent with the  He3 neutron spec t ra l  analysis  
system. The He3 detector  has been operated s a t i s f a c t o r i l y  with 
noncoincidence e lec t ronics ,  however, without su f f i c i en t  resolut ion 
f o r  actual  spec t ra l  masurements. A coincidence pulse analysis  
system i s  being s e t  u? t o  improve the detector  resolut ion.  Cur- 
rent ly ,  this system is being adjusted f o r  pulse shapes and delay 
t i m e  t o  allow proper processing of the  detector  pulses.  

A report  i s  being wr i t ten  t o  e q l a i n  

The majority of t e s t i n g  

Other work being accomplished in support of the  N-Reactor sh ie ld  
evaluation includes: planning the  experiments in d e t a i l ;  designing 
apparatus t o  f a c i l i t a t e  placement of f o i l s  and detectors  i n  the  
r e f l ec to r ;  working out d e t a i l s  f o r  placement of experimental equip- 
ment and f o r  cable access through the  biological  sh i e ld  and contain- 
ment; and calculat ing f o i l  and detector  exposure required t o  obtain 
desired experimental r e s u l t s .  

7. Graphite Studies 

N-Reactor Graphite I r rad ia t ions .  The two third-generation capsules, 
E-4-3, i n  the  se r i e s  of long-term i r r a d i a t i m s  of N-Reactor graphite 
conthue  t o  operate s a t i s f a c t o r i l y  i n  the  GETR. 'The third-generation 
capsule, H-6-3, has been constructed and w i l l  replace H-4-3 in t he  
reactor  during the  cycle 48 shutdown the  l a s t  week in September. 

Research and development in the f i e l d  of plutonium metallurgy continued 
i n  support of the  Hanford 234-5 Building Operations and weapons develop- 
ment programs of the University of California Lawrence Radiation 
Laboratory (Project  Whitney). 
separately via  d i s t r ibu t ion  l is ts  appropriate t o  weapons development 
work. 

Deta i l s  of these a c t i v i t i e s  a re  reported 
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C. REACTOR DEVEZ0PMF;NT - 04 PROGRAM 

1. Plutonium Recycle Program 

Fuels Development 

Remote Fabrication Studies.  
ment personnel, a product container w a s  designed f o r  sa l t  cycle U@. 
Four product cans were bu i l t  t o  f i t  the three-ton Radiometallurgy 
t ransfer  cask. 

In cooperation with Chemical Develop- 

Each product can w i l l  hold approx-tely 20 pounds 
of U@. 

A new pl ier- type resis tance welder w a s  used t o  jo in  two pieces of 
wire end t o  end by spot welding a sheath f i rs t  t o  one wire and then 
t o  the  other, using current of approximately 1600 amperes. 

Wire Enriched Fuel Element. 
(GEH-4-W) cmta in ing  na tu ra l  U0;z p e l l e t s  enriched with a coaxial  
Pu-15 w/o Z r  a l loy  wire was fabricated and shipped t o  the  NRTS f o r  
i r rad ia t ion .  This novel enrichment scheme reduces the  complexity 
of the fabr ica t ion  process f o r  a plutonium-containing f u e l  element 
s ince the  plutonium enrichment can be added immediately p r i o r  t o  
making the f i n a l  end closure.  
applicable t o  the  invest igat ion of heterogeneously enriched fue l s ,  
and t o  f u e l  element rejuvenation s tudies .  

A four-rod c lus t e r  f u e l  element 

Data obtained from t h i s  t e s t  w i l l  be 

Fuel Element Design Studies.  
type end brackets designed t o  reduce f r e t t i n g  c o r r o s b n  has now 
accumulated 184 days of exposure i n  t h e  "-7 loop f a c i l i t y  operated 
a t  PRTR coolant conditions. 
f i c i a l  wear of the  bottom end bracket has occurred during t h i s  time. 
The excel lent  performance of t h i s  end bracket design warrants tests 
in the  PRTR. 

The Ue-mrk I fdel  element with ring- 

No process tube wear and only super- 

Cladding Alloy Procurement. 
the procurement of 2 - 2  tubes f o r  the fabr ica t ion  of Mark 11, PRTR 

Submitted bids  are being evaluated f o r  

nested tubular  f u e l  elements. 

FBTR Fuel Element Fabrication. 
1 w/o Pu02 w a s  impacted f o r  PRTR f u e l  elements. 
t h e  material  w a s  crushed t o  s ize  f r ac t ions  suitable fo r  vibra- 
t i a n a l l y  compacted rods; the remaining mater ia l  was fu r the r  crushed 
t o  make swage compacted rods. 
ea s i e r  t o  decontaminate than the  mechanically mixed UOpPu02. The 
homogeneity of the plutonium d i s t r ibu t ion  is apparent i n  gamma scan 
t races  of t h e  f u e l  rods, which show no var ia t ion  in plutonium dis -  
t r i bu t ion .  

Three-hundred-eight kg of Uo;! - 
Three-fourths of 

The impacted U02-Pu$ mixture i s  

UNCLASSIFIED 
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Seventy-six PRTR f u e l  rods, containing U@ - 1 w/o PuQ Nupac core 
material, were fabricated by vibrat ional  compaction. 
these rods which did not meet density spec i f ica t ions  were reclaimed, 
e i the r  by decontaminating the  rod and adding addi t iona l  core 
material, or  removing the core material ,  adding addi t ional  core 
material  and refabricat ing in a new f u e l  tube.  

Two s l i g h t l y  d i f fe ren t  designs of 4-.inch double w a l l  inpaction cans 
were made by scaling-up the  2&inch diameter, double w a l l  cans cur- 
ren t ly  being used f o r  the  impaction of PuQ-UO2 ceramics. 

Seven of 

One design 
u t i l i z e s  the  same inner and outer wall thicknesses as for  the  
cans (25 mil and 1/16-inch, respect ively) ;  the  other  involves 
inch walls f o r  both inner and outer cans. 
impacted w i t h  loadings of uranium dioxide, and a r e  now being examined 
t o  determine whether design modifications w i l l  be required. 

Six of these cans were 

Tho;?-Puo;! Fuel I r rad ia t ions .  
s intered Th@-Puo;? fue l  p e l l e t s  (0.50-inch diameter, 9 6  of theoret i -  
ca l  densi ty)  were fabricated and sen t  t o  the  McR/JiTR f o r  i r r ad ia t ion .  
ThQ-PuQ f u e l  i s  of Fnterest  f o r  the  production of U-233 in crossed 
progeny thermal reactor  f u e l  cycles, and of t h e  isotopic  heat source 
Cm-244. 
posit ions w i l l  be evaluated under various conditions. 
temperatures w i l l  be above mel t ing  (2600 C ) .  
conditions a re  summarized as follows: 

Twenty capsules containing hydrogen- 

The i r r ad ia t ion  performance of f i v e  d i f f e ren t  f u e l  com- 
Maximum f u e l  

The requested i r r ad ia t ion  

Fuel 
Compos it ion 

!RIG-2.23 PuQ 

(w 0) 

Th*-5.47 

T~Q-8.80 mo;! 

Power 
Generat ion 

w/cm (kw/ftj 

556 
720 

5 90 
750 

655 
85 0 

720 
985 
85 0 
1180 

Surface Heat F l u  
w/cmd (Btulhr-ftdx 

120 (390,000) 
158 (500,000) 

130 (410,000) 
167 (530,000) 

145 (460,000 ) 
igo (600,000) 

218 (690,000) 
158 (500/000) 

i go  (600,ooo) 
260 (825,000 ) 

Calc. Mi=. 
Center Temp. 

(W) 

1850 
265 0 

1850 
2600 

1800 
2600 

1750 
2600 

1850 
2750 

UNCLASSIFIED 
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me high thermal neutron absorption cross-section of plutonium 
CEXses a var ia t ion i n  the  f lux  depression which depends upon the  
PUO;! concentration. For example, the spec i f i c  heat generation 
r a t e  a t  the  surface of the ~h@-18.48 w/o PuO-, w i l l  be approxi- 
mazely 10 times grea te r  than a t  the center l i n e .  
specif ic  power var ia t ion alters the temperature p r o f i l e  f o r  
samples w i t 5  d i f fe ren t  Pu@ concentrations. Radial temperature 
p rc f i l e s  were computed on an IBM-7090 d i g i t a l  computer using the 
CHEAT code. 
besween rod power and center l i n e  f u e l  temperature is i l l u s t r a t e d  
i n  the  tab le .  
produces a maximum core temperature of 2650 c i n  a ~h@-2.23 w/o 
Pu@ sample, while 1180 u/cm i s  required t o  produce a comparable 
cemer  %emperature in the  mop18.48 w/o PuQ samples. 

Post-Irradiation Examination of PRTR Fuel Elements. 
ccmpacted UOpMark I f u e l  elements were examined i n  the  Fuel 
Element Examination Fac i l i t y .  
and clinging par t icu la tes ,  Fuel Element 1024 (3700 W I T )  appeared 
t o  be i=~ excellent condition and w i l l  be recharged i n t o  the  P€I'.FR. 
The s p i r a l  bundle wrap and some of the rod wire wraps on Element 
lW9 (3950 MWD/T) were severely worn a t  points  of contact w i t h  t he  
process tubes. Wear was more severe near the  ends of the element, 
and some of the w i r e s  were worn approximately one-half of t h e i r  
diameter (0.070 inch).  Other than the  worn wires, t he re  was no 
obvious reason why t h i s  pa r t i cu la r  element should have behaved in 
B L ~  abnormal manner and caused excessive process tube wear. 
not be recharged without repa i r .  

High f i s s i o n  product a c t i v i t y  was detected i n  the PRTR primary 
coolant during depressurization following a 10-day continuous 
opera5ing period. Fa i lure  of a nsw v ibra t iona l ly  compacted, Mark I, 
U Q - 1  w/o Pu@ element (Fuel Element 5203 w i t h  200 MND/T) containing 
iropacted f u e l  material  w a s  iridicated by streams of gas bubbles 
iss- from the top  end cap regions of seven of t he  19 f u e l  rods. 
There were no f u e l  fa i lure  indicat ions until f o m  hours after shut- 
down of the  reactor ;  however, ex te rna l  coolant pressure may have 
prevented the  escape of f i s s i o n  gases s ince there were no reacfYor 
power f luc tua t ions  t o  cause gas bursts. Corrosion, cracking, and 
embrittlement of t he  cladding in t h e  heat affected zone of t h e  end 
caps appear similar t o  those seen i n  a previously failed element 
(5174). 
sion of the  Zircaloy in the  crevice between the  end cap and the  
cladding tube. 
on the Zircaloy components are suspected as the cause of f a i lu re .  
%aged elements have not failed; it i s  believed t h a t  the end cap 

This radial  

Tfie e f f e c t  of Pu@ concentration on the  r e l a t ion  

For exanple, a rod power generation of 720 w/cm 

Two 'swage- 

Ocher than the usual minor scratches 

1% w i l l  

The previous failures were characterized by i n t e r n a l  corro- 

Traces of water on the  U@ p a r t i c l e s  and of f luor ide  

UNCLASSIFIED 
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design of these elements may make the difference.  
crevice as there  is between the  end plug and cladding of vibra- 
t i o n a l l y  compacted elements. 

There i s  no 

Corrosion and Water Quality Studies 

Concentration of Zirconium i n  Primary Coolant. 
rout inely the t o t a l  zirconium concentration in the  PRTR primary coolant 
was continued. Grab samples were col lected and emission spectrographic 
techniques were then used t o  obtain the  ana ly t i ca l  data .  

The ana ly t ica l  r e s u l t s  obtained indicate  the  zirconium concentration 
was generally within the  0-1 ppb range considered normal f o r  t h i s  
system. 
> 10 ppb and remained high for  three days. This high concentration 
occurred during s t a r tup  operations following an extended outage and 
may have resul ted from charge-discharge and/or tube inspection work. 

The ana ly t ica l  technique was improved by completely evaporating the 
ac id i f ied  heavy water t o  dryness instead of t o  1 m i l l i l i t e r .  
r e s u l t s  in increased emission i n t e n s i t i e s  f o r  both zirconium and the 
indium standard. 

The program t o  monitor 

On one occasion the  concentration increased abruptly t o  

This 

Development of Continuous Zirconium Monitoring Procedure. Lnvesti- 
gation of the continuous spectrophotometric procedure (using Arsenazo 
as  the  ind ica tor )  f o r  measurement of ionic  zirconium concentrations 
i n  water was continued. The r e s u l t s  ind ica te  the  procedure i s  s a t i s -  
f ac to ry  f o r  routine laboratory analysis  of concentrations as low as  
10 ppb with a reproducibi l i ty  of f Is$. A t  present ,  the  procedure is  
not s a t i s f ac to ry  f o r  continuous operation, however, due t o  hydrolysis 
and/or adsorption of t h e  zirconium in the  standard solut ions which 
r e su l t s  i n  a continuous decrease in the concentration with time. 

Fre t t ing  Corrosicc Studies. 
element with a 3600 r ing  support have indicated only supe r f i c i a l  
f r e t t i h g  w i l l  occur between the  supports and the  pressure tube based 
on t e s t s  in TF-7 f o r  192 days a t  PRTR co3ditions. 
occurs between the  individual  rod v i r e  wraps and the  pressure tube, 
however. 
t o  5 0 $  of the  diameter. 
vibration. 

Fre t t ing  corrosion s tudies  on a FRTR 

Fre t t i ng  s t i l l  

To date,  several  locat ions on the  wire wrap have worn up 
These t e s t s  a r e  being conducted with induced 

PRTR Corrosicm Studies. Portions of t h e  ex te r io r  area of three PRTR 
shroud tubes have been examined by borescope. The tubes a re  covered 
with a t h i n  uniform oxide l aye r  w i t h  no evidence of severe a t t ack  in 
e i t h e r  the  water or gas covered areas of the  tubes. 

UNCLASSIFIED 
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The lower six h c h e s  of t he  t o p  shield i s  covered by a heavy layer  
of red rust. No evidence of local ized corrosion w a s  seen. 
thickness of the  rust l aye r  could not be determined. 

The 

Exaslinetion of the  s t a in l e s s  s t e e l  cone assembly from t he  i n t e r i o r  
of the  PRTR feedwater deaerator (secondary system) revealed exten- 
SLVE cracking and f a i lu re .  
with the  metal immediately adjacent t o  the  weld beads. 
examication of f a i l e d  surfaces showed a s ingle  major crack with 
minste amounts of s ide branching. 
a m m f  of branchizg were l e s s  than i s  general ly  seen i n  s t r e s s  cor- 
rosion cracking cf aus t en i t i c  s t i i n l e s s  steels. 
of f a i iu re  w a s  corrosion fa t igue  possibly accelerated by a few s t r e s s  
corrosion cracks. 

Cracks were predominantly associated 
Metallurgical 

The extent  of cracking and t h e  

The proba5le mechanism 

It has l o t  been possible t o  adjust  the pH-2hosphate re la t ionship i n  
the  €"R bo i l e r  while using disodium phosphate addicYiom. This i s  
an undesirable s i t ua t ion  s ince it poses the  p o s s l b i l i t y  of caust ic  
corrosion cracking i n  areas where the  caust ic  could be concentrated. 
One possible solut ion t o  t h i s  problem is  the  use of monosodium 
phosphate addition. Since t h i s  chemical makes a more acid solut ion,  
it is necessary t o  determine t h e  e f f ec t  it w i l l  have on the  chemical 
aadi t ion piping. 

A t e s t  i s  being ma on s t ressed  s t a in l e s s  s t e e l  coupons t o  determine 
the  corrosion r a t e  and stress corrosion cracking suscep t ib i l i t y  of 
s t a in l e s s  s t e e l  i n  an NaH2P04 solut ion of PRTR addi t ion conceEtration 
(one-half pound/gal). Chloride i s  being added t o  the  solut ion in the  
zmount required t o  simulate t h e  chloride concentration i n  technical  
grade NaH2P04 (700 ppm in t he  phosphate). 
ducted i n  a static autoclsve a t  275 C .  
etched surface,  but t h e  corrosian a f t e r  250 hours of exposure ap ears  
r e l a t i v e l y  uniform. 
12 hours), the  samples have shown l o w  weight gains. 
yet  been s t r ipped t o  determine the  re la t ionship  between Weight gain 
and metal penetration. 

The t e s t  i s  being con- 
The samples show a rough, 

Mter a high i n i t i a l  weight g a h  (145 m g / b  i n  
No samples have 

3 

Reactor Cmonen t s  Develovment 

PRTR Pressure !I'ubes. 
PRTR storage basin,  PRTR pressure tube number 6115 has been cut i n t o  
10 pieces.  One of these w i l l  be burs t - tes ted  as soon as possible t o  
determine the  hazard po ten t i a l  of f l a x s  on the  ins ide  surface.  

Using underwater handling techniques a t  the  

This tube is  the  eleventh selected f o r  des t ruc t ive  examination f o r  the  
PRTR pressure tube survei l lance prcgram. 
p l e t i cn  of a reactor  operating month a f t e r  t he  t en th  tube w a s  removed.. 

It was discharged upon com- 



. 
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Selection of tube 6115, from channel 1358, was made from a group 
of seven candidates. 
A t  the  most recent in-reactor  monitoring, tube 6115 was reported t o  
have two flaws - one 12 mils deep and one grea te r  than 20 mils deep 
a t  approximately 11 f e e t ,  5 inches f r o m t h e  flanged end. 
these flaws which w i l l  be evaluated by the  forthcoming burst t e s t .  

Each candidate had flaws 10 mils or  more deep. 

It i s  

The bursting propert ies  of unirradiated cold-worked FKllR pressure 
tubes have been measured a t  room temperature, 149 C (300 F), and 
316 C (600 F). 
t i on  obtained were compared w i t h  similar values f o r  K- and N-Reactor 
Wrcaloy-2 pressure tubes,  
material  a t  the  lower temperatures was t he  same as  the  ultimate hoop 
strength of the K md N material ,  but a t  the  higher temperetures the  
PRTR material  szrength was about 6$ grea te r  than the  s t r e rg th  of the  
K and N material .  
a t  which the  PRTR material. became noticeably s t ro rge r ,  
Centigrade (125 F )  i s  the  terfperature a t  which the  PF2R material  
became noticeably l e s s  plastLc than the  K and N mater ia l .  
t i o n  of the  PRTR material  varied from 114 a t  room temperature t o  a 
maximum of 175 a t  121 C (250 F) and then t o  8% a t  316 C (600 F ) .  
The maxirmrm elongation of the  K az?d N material  was abmt 22$ a t  
121 C (250 F ) .  

The values of ult imate hoop szrength and hoop elonga- 

The ult imate hoop s t rength of the  PRTR 

Nmsty-three Ceritigrade (200 F) i s  the  temperature 
Fifty-one 

The elonga- 

Pressure Tube Wnitoring. 
examined t h i s  mmth. 

Fifteeri process tubes were v isua l ly  
While e l l  of t he  process tubes inspected t h i s  

time exhibited new areas of f r e t t i n g  corrosion,, none of the  f r e t t e d  
areas w a s  severely deepc 
h ib i ted  la rge  numbers (approximately 20) of f r e t t e d  areas  a t  both 
the  upper and lower f u e l  element support locatiorrs. In  these two 
process tubes the  fret . ted areas are  approaching about 3 6  t o  4 6  of 
the circumferential  area of the  tube a t  the  upper and laver  f u e l  
element loca t iozs  

Two of the tubes examined t h i s  month ex- 

The tube ir? process channel 1348 was agaixi icspected t h i s  month t o  
c o n f i r a t h e  preseme of b l i s t e r  sype defec ts  iri +his zube. 
examination disclosed three defected areas  of which two were lmown 
t o  e x i s t  from previous examinations. 
one of which was a t  l e a s t  20 nils deep, was deemed a su f f i c i en t  bas i s  
f o r  removal a t  t h i s  outage and subsequent des t ruc t ive  examination. 

This 

The seve r i ty  of these defects ,  

Shim Rod Development. 
t r o l l e d  coasting of the  single control element i n  t h e  revised f i r s t  
generation (Mark-I-A) PRTR shim assembly w a s  successful ly  demon- 
s t r a t ed  i n  the  environmntal  t e s t  f a c i l i % y ,  Tne advan%age of t he  
magnetic brake i s  i t s  r e l a t i v e  ease of i n s t a l l a t i o n  on the  as-built 
shims. 

The use of permarAer?t magnets t o  s top  uncon- 
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Fretti-.ag Corrosion Investigation. 
tec ted  ir! a pRTR pressure tube (being t e s t ed  i n  EDEL-I f a c i l i t y )  
a f t e r  52 hours of prototypical  service using an old s t y l e  
(carrow pad) urania f u e l  element. Continued vibrat ion measure- 
ments were made under several  conditions. A frequency of 16 cps 
with an zmplitude of 3-5 nils w a s  measured a t  the cenf,er of the  
pressure tube with no f u e l  element a t  f d l  flow. 
point w i t h  the  f u e l  element i n s t a l l ed ,  the  vibration w a s  34 cps 
w i t h  0.3 t o  0.5 mil a q l i t u d e .  

Design Analysis 

No fretting was v isua l ly  de- 

A t  the same 

PRCF-EWR Safety Studies.  
delay ia the Doppler e f f ec t  i n  mixed PUQ-UQ f u e l s  resu l tb-g  from 
a hetercgeceous d i s t r ibx t ion  of plutonium w a s  completed. Calcula- 
t i ons  a re  based 3n a simple ccnduction model in which it i s  ass-dmed 
$hat heat is  gecerated in a p a r t i c l e  of PuQ resiCing a t  the  center 
of a spherical  domain of fue l .  
2nd 0.05 mil l ine te r  i=1 diameter (which correspond t o  -70 t o  -325 me 
a re  considered. 

A prel-ary evaluation of the time 

Pa r t i c l e  s i zes  of 0.2, 0.15, 0.1, 

Two values of e n r i c h n t ,  a l s o  investigated,  a re  
1 .5  and 3.0 w/o Puo;!. 

The time cons tmt  f o r  U@ hest ing and hence f o r  t h e  Doppler e f f ec t  
t o  be ef fec t ive  i s  four,d t o  be a strong function of t he  f u e l  d i f -  
fu s iv i ty .  For PRCF-EaWR f u e l  and using wnat appears t o  be reason- 
able values f o r  t he  d i f fus iv i ty ,  a time constant of crbout 10-3 second 
is  obtained. This i s  short  enough t o  assure an e f f ec t ive  negative 
temperatare coeff ' icient f o r  periods accidental ly  encountered less 
than pronrpt c r i t i c a l .  The shortest  credible  period f o r  t he  PRCF 
with EBWR f u e l  i s  calculated t o  be 0.2 second. 
refinement of these calculat ions End data are needed t o  evaluate 
possible prompt c r i t i c a l  exc-nsions,  which may be credible  f o r  t he  

Additional experimental data  on d i f f u s i v i t y  and p a r t i c l e  
s i z e  d i s t r ibu t ion  are being obtained f o r  t h e  EBWR f u e l  t o  compare 
the  v a l i d i t y  of t he  calculat ional  model and the  d i f f u i v i t y  values 
used. Subsequeat calculat ions @&11 include any changes needed i n  
these  f ac to r s ,  together  with heat t r a n s f e r  by rad ia t ion  and f i s s i a n  
fragmellt deposit ion,  which a r e  neglected i n  the present  study. 

The above information w a s  presented t o  the  G.E. TeChnOlOgiCal Hazards 
Council t h i s  month. 
the addi t iona l  var iables  discussed cbove. 

However, addi t ional  

EBWR. 

The council i s  e q e c t e d  t o  request analysis  of 



UNCLASSIFIED A-23 HW-79046 

Thermal Hydraulics Studies 

Work has been directed toward the solut ion of two problems associated 
with a possible power increase of the  PKCR: 

1. The a b i l i t y  f o r  the  primary system t o  be cooled by 
convection cooling a f t e r  a complete l o s s  of e l e c t r i c a l  
power and a scram. 

The pressure t r ans i en t  r e su l t i ng  f romthe  loss  of 
pumping power where the  reactor  would f a i l  t o  scram 
u n t i l  a high pressure t r i p  is reached. 

2. 

A review of the pas t  celculat ions and pressure t r ans i en t  computer 
program was made with the  thought of simplifying the  calculat ion 
method. 

Primary system convection cooling calculat ions have been made for the  
reactor  operating a t  106 Mw with coolant flows of 9,000 and 11,500 gpm. 
I n l e t  and ou t l e t  temperatures were s e t  to give a 5 F margin below 
boi l ing in the  hot tube with a 10% reduced flow a t  steady s t a t e .  
DurFng the  p u q  coast-down a constant reac tor  M e t  temperature w8s 
assumed and the  i n l e t  texqerature was t h a t  of t he  heat  exchanger 
steam during the  convective cooling. A pump coast-down curve was 
used which complied w i t h  the  minimum PIiTR process specif icat ions.  
I n  both cases boi l ing should not occur a s  more than a 10 F margln 
below boi l ing e x i s t s  f o r  the hot tube a t  t he  worst time (65 sec)  
during the t r ans i en t .  The case of the  smaller f l a w  has a higher 
margin. 
parameters have been f ixed more firmly. 

More de ta i led  calculat ions w i l l  be made when operating 

Review of t he  method of calculat ion f o r  t he  pressure t r ans i en t  
indicated t h a t  a simpler and more d i r e c t  mthod of calculat ion 
would be desirable .  The equations f o r  an approximate thermodynamic 
model have been derived t o  give the  time r a t e  of change of system 
pressure.  The model assumes t h a t  t h e  pressure increase is  the  same 
everywhere i n  a constant volume system which cons is t s  of the volume 
of the  e n t i r e  primary coolant before the  t r ans i en t .  The only mass 
t r a n s f e r  out of the  system is  tha t  discharged from t h e  pressurizer  
s a fe ty  r e l i e f  valves. The subsystems include the  subcooled l iqu id ,  
sa tura ted  l i q u i d  and saturated vapor. The model i s  applicable only 
f o r  the first pa r t  of the  t r ans i en t ,  but t h i s  is  su f f i c i en t  time t o  
obtain t h e  peak pressure.  
the  predict ion of t h i s  model with previous calculat ions.  

Numerical work i s  yet  t o  be done t o  check 
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2.  Plutonium Ceramic Fuels Research 

preparation of PUQ-ss Cermets. 
fabr icated by pneumatic impaction w i t h  a density 97.55 of theo- 
r e t i c a l .  Photomicrographs revealed t h a t  the  -60 +200 mesh Pu@ 
p a r t i c l e s  were uniformly dispersed throughout the continuous, 
crack-free s t a in l e s s  s t e e l  matrix. 
cermet ver i f ied  the uniformity of Pu@ dispersion. 
reaction between Puo;! and s t a in l e s s  s t e e l  was observed. 

The l a t e s t  modification of a s p l i t  d ie  f o r  impacting cermet Fe l l e t s  
was successfully tes ted .  
8 die  t h a t  had been flame sprayed with Al2O3. 
opened, and the six p e l l e t s  remained i n t a c t .  
p e l i e t s  were ground t o  a f inished diameter of 0.481 inch. 

Beta-PqO? Compatibility. Equimolar mixtures of beta-Pu203 powder 
and each of several  refractory metal powders (W, Mo, Ta, Nb, V, Hf, 
and Re) were pressed and s in te red  f o r  24 hours in helium a t  1650 f 
50 C.  V i s u a l  observstions indicated t h e  only incompatible pa i r s  
were those containing rhenium and hafnium. 
s ions w i l l  be drawn z f t e r  completion of metallographic and x-ray 
analyses. 

I r r ad ia t ion  of Plutonium Carbide. 

1.5 x 1020 f iss ions/cc (36,500 MID/%), released 2% of the f i s s i o n  
gases 
t i o n ,  p r inc ipa l ly  a t  the grain boundaries. 

PUQ-ss cermet (26 w/o PUO;!) was 

Autoradiographs of the  Pu@-SS 
No evidence of 

Six 97.5$ TD UCQ-SS p e l l e t s  were made in 
The d i e  w a s  e a s i l y  

The one-inch long 

b r e  d e f i n i t e  conclu- 

A specimen of fused PuC (Ga-14- 
OB) i r r ad ia t ed  f o r  41.8 days t o  an estimated average exposure of 

The 0.450 gram sample fractured extensively during i r rad ia-  

3. Ceramic ( U r a n i u m )  F’uel Research 

Short-Term I r r ad ia t ion  of Cermet Fuels. 
tungsten-50 w/o Uo;? cemets  w a s  successful ly  i r r ad ia t ed  four hours 
t o  study the dimensional and chemical s t a b i l i t y  of t he  system. 
Cladding temperature w a s  g rea te r  than 2000 C.  

Examination of two previously i r r ad ia t ed  tungsten-50 w/o Uo;! cermet 
capsules w a s  completed. 
tungsten clad cermets were chemically and dimensionally s tab le .  
Autoradiographs show a uniform d i s t r ibu t ion  of f i s s i o n  products i n  
the  cermet. 

The t h i r d  i n  a s e r i e s  of 

bktallographic examination showed the  

The f i r s t  f u e l  specimen was clad in 0.063 cm (0.025 inch)  wall tubing 
made by spark discharge machining of hot swaged tungsten rod of 
random grain s t ruc ture .  The second cermet w a s  clad in 0.030 cm 
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inch) wall tungsten tubing produced by vapor deposition, a 
process which produces tubing w i t h  a r ad ia l ly  oriented, columnar 
grain s t ructure  The t h i n  wall 0.030 cm (0.012 inch)  tubing de- 
veloped a crack, probably because cf d i f f e r e n t i a l  thermal expansion 
of fue l  and cladding, 
No defects were fGur,d in the  other tungsten capsule. 

Minor f u e l  loss occurred through the crack. 

I r rad ia t ion  of Mo-UO2 Cermet Fuel. A cladding temperature greater  
than 2500 C was at ta ined during i r r ad ia t ion  of a vacuum insulated,  
Mo-clad Mo-Uo;! cermet (GEH-14-416) i n  t he  ETR. 
cladding and of the continuous Mo phase i n  the  cermet allowed egress 
of contained Ue0 Destructive examination revealea t h a t  nearly a l l  
of the released UO2 was deposited dendr i t ica l iy  on the  outer surface 
of %he Mo cladding near the  point of penetration, while only a t h i n  
(- G.OO1 i x h )  U02 f i l m  w a s  found on the inner surface of the outer, 
s t a in l e s s  s t e e l  can. The i n t e g r i t y  of the  s t a in l e s s  s t e e l  can was 
not compromised by the release of UD;! from the  inner cladding. 

Melting of the  Mo 

I r rad ia t ion  of Tungsten-UO2 Cermet Fuel Plate .  A W-U@ cermet f u e l  
p la te  was successfully i r r ad ia t ed  four hours under conditions de- 
signed t o  a l lov  a surface temperature grea te r  than 3000 C (5500 F). 
The pneumatically impacted, tungsten clad p l a t e  (1'' x 7/8" x 0.030"; 
20 v/o 934 enriched Uo;! plus 80 v/o tungsten) w a s  suspended inside 
an evacusted, gold-plated s t a i n l e s s  s t e e l  sheath t o  a t t a i n  the  
desired temperature. 
t h a t  tantelum (meltir,g point  2996 C ) ,  molybdecum, and niobium wires 
embedded i n  the t h i n  p l a t e  had melted or  otherwise disappeared. 
Minor loss of fue l  was suggested by U02 dendrites deposited around 
the holes through wnich the  temperature monitor wires were o r ig ina l ly  
threaded. 

I n i t i a l  pos t - i r rad ia t ion  examination showed 

Otherwise, the  f u e l  p l a t e  remained in t ac t .  

Beryllium Clad UO?. Vibrational compaction equipment w a s  i so la ted  
and modified f o r  compaction of UQ i n t o  bery i l iumtubes  supplied by 
CEN, France. Because of the possible b r i t t l e n e s s  of t he  beryllium 
cladding, bottom coupling t o  the  tubes will be used. 
chuck t o  hold the  beryllium tubes during v i b r a t i m a l  compaction w a s  
designed and fabricsted.  
capable of b r k g i x q  the  v ibra tc r  chuck and beryllium cladding up t o  
temperatures from 150 t o  200 C, in case heating i s  necessary t.o 
avoid cracking. 

A spec ia l  

A resis tance heater  vas also i n s t a l l ed ,  

End closure welds have been made on t e s t  pieces with the  magnetic 
force welder. 
f o r  establishmeLt of parameters which would r epe t i t i ve ly  produce top 
qua l i ty  welds. 
indicate  t h a t  the mater ia l  from the s intered bar i s  more su i tab le  

There w a s  not su f f i c i en t  t e s t  mater ia l  t o  provide 

Metallographic examination of t he  l a t e s t  welds 
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f o r  magnetic force welding than the material  from the arc  cast  
bar.  
tubes has shown t h a t  one tube has a crack about 3/4-inch long on 
the  ID. 

Burnable Poison Fuel. 
was pneumatically inpacted. 
Sm203 dis t r ibu t ion .  

Materials and Information Exchange. 
were prepared and characterized f o r  Rice University, where they w i l l  
be used in  s tudies  of reaction r a t e s .  

Recent dye penetrant examination of the four remaining 

Two w/o and 10 w/o Sm2O3 i n  micronized U@ 
Samples were prepared f o r  analysis  of 

Ten U02 single  c rys t a l  specimens 

Electron Microscopy Studies of Cermets. A s e r i e s  of reactions oc- 
curring i n  a 50 w/o W-single c rys t a l  U@ cermet has been disclosed 
by re f lec t ion  electron microscopy. Several d i f f e ren t  c rys t a l l i za t ions  
and vaporization phencmena took place i n  both tungsten and Uo;? between 
800 and 1900 C i n  vacum. 

Rapid reaction of UN w i t h  oxygen, without noticeable e f f e c t  on the  
tungsten i n  a 50 w/o W-UN cermet, w a s  demonstrated using a low 
pressure gas reaction device w i t h  r e f l ec t ion  electron microscopy. 
Subsequent hydrogen treatment on the  oxidized specimen caused no 
fur ther  change i n  e i t h e r  component. 

Thermal Dif fus iv i ty  Measurements. The thermal d i f f u s i v i t y  of a 
s ing le  c rys t a l  UO;? specimen w a s  determined a t  temperatures from 
700 t o  1200 C, using pulsed energy from a ruby l a se r .  Thermal con- 
duc t iv i ty  values calculated from these data  were in close agreement 
w i t h  previous r e s u l t s  by other  methods. 
the curve is  the confirmation of the peak in the  thermal conduc- 
t i v i t y  between 950 and 1050 C. 

O f  paI.ticular I n t e r e s t  i n  

Compatibility Studies.  
invest igat ing the  compatibil i ty of sa l t  cycle U@ with Wrcaloy 
and other claddings. 
t he  temperature and pressure conditions encountered i n  the  PRTR. 

A capsule has been designed f o r  use in 

This capsule w i l l  be capable of reproducing 

A standard se r i e s  of time-temperature-atmosphere t e s t s  has been 
devised t o  examine the broad area  of fuel-cladding compatibil i ty.  
These include both mixed powder samples t o  determine react ion 
products and sol id-sol id  samples t o  determine extent of reaction. 

Cermet Joining Studies. Two pieces  of tungsten clad, tungsten-U@ 
cermet material  were butted together  and joined using the  magnetic 
force resis tance welder. The tungsten-U@ bond was complete across 
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4. 

the  weld interface,  but t he  tungsten cladding was not. bonded. 
uo2 i n  the immediate area of the  j o i n t  appears t o  have vaporized, 
leaving small. voids. 

A cross was fabricated by welding one piece of tungsten clad, 
tungsten-U@ cermet t o  each s ide of a t h i r d  piece.  
resulted in a 5 6  bond on one s ide only. 

Some 

I n i t i a l  attempts 

Basic Swelling Program 

I r rad ia t ion  Program. 
f d l y  i r rad ia ted  i n  a reactor  a t  respective control  temperatures of 
500 and 575 C (932 arid 1067 F).  
capsules was completed and the  capsules were placed in  a shipping 
box f o r  transporting t o  the  reactor .  Two others  have been completed 
and w i l l  be bench-tested shor t ly .  Redesigned sample holders f o r  two 
more capsules have been constructed which w i l l  accommodate specimens 
of varying s i ze  and shape. 

Two general  swelling capsules a r e  being success- 

The tmdemizing of two addi t ional  

These capsules a re  about 1 6  complete. 

Capsules recent ly  constructed contain high pu r i ty  uranium specimens 
of varying enrichment, s i ze  and shape as well  as uranium containing 
Fe + Si and Fe + Al. Several heat t r ea t ed  conditions a re  represented. 

Post-Irradiat ion mamication. 
uranium specimen i r r ad ia t ed  t o  0.2 x 1So f iss ions/cc (0.03 a/o B.U.) 

Electron microscope examination of a 

a t  a t enp i r a tme  of 525 C (977 F)  has been completed. This specimen 
was beta-quenched p r i o r  t o . i r r a d i a t i o n .  
veloped in one l e g  of the  half  cylinder obscuring the  general  micro- 
s t ruc ture .  
t o  e x i s t  in patches. 
which a re  perpendicular t o  t w i n  bands. 
mation twins which were esseLt ia l ly  f r e e  of pores. 
porosi ty  was not observed a t  grain boundaries. 
show a raised rim about t h e i r  circumference s imi la r  t o  observations 
made several  years ago on specimens annealed a f t e r  i r r ad ia t ion .  A 
nonirradiated uranium specimen was processed i n  the  Radiometallurgy 
f a c i l i t y  f o r  metallographic comparison with i r r ad ia t ed  specimens. 
The rep l icas  of the specimen were examined in the  e lec t ron  microscope 
and no a r t i f a c t s  due t o  polishing o r  etching were noted. 

Extensive poros i ty  has de- 

On the  other half  of the specimen poros i ty  was observed 
The individual pores a re  arranged in rows 

Grains contained wide defor- 
Preferen t ia l  

m y  of the  pores 

Post-Irradiat ion Annealing. A systematic study of t h e  swelling of 
high burnup, clad and declad uranium as a function of pos t - i r rad ia t ion  
pulse annealing has continued. Replicas of the  unclad wafers which 
had been annealed at. 550 C (1022 F), 600 C (1112 F),  and 650 C (1202 F) 
f o r  one-half hour and an unclad wafer which had been annealed a t  600 C 
(1112 F )  f o r  f i v e  hours have been processed f o r  quant i ta t ive  
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metallography. 
f o r  one-half hour have also been prepared. 
indicate t ha t  there  is  an increase i n  volume and an increase i n  
observable porosi ty  as  the temperature and time of annealing are  
increased. 
c rys ta l l iza t ion .  

Thcrium. 
a re  being processed f o r  metallography, density and hardness subse- 
quent t o  a one hundred hour vacuum anneal a t  950 C (1742 F).  Pre- 
l imirary  opt ica l  examination of a polished and cathodic vacuum 
etched surface indicated t h a t  the specimen i r rad ia ted  t o  1 .5  x 1020 
flssions/cc (0.92. a/o B.U. ) had developed considerable porosity 
whereas the specimen i r r ad ia t ed  t o  only 0.6 x lC?O f iss ions/cc 
((3.18 a/o B.U.) had not.  

Replicas of clad wafers annealed a t  600 C and 650 C 
Qualitative observations 

This i s  accompanied by an increase i n  the  extent of re- 

The two i r rad ia ted  thorium specimens previ'ously discussed 

Examinations a re  continuing. 

Secord-Phase Distr ibut ion i n  Dilute Alloys of Uranium. 
metallography has been completed on nine of the  31 d i l u t e l y  alloyed 

Electron 
- -  

uranium samples current ly  being studied t o  determine the  s i ze  dis-  
t r ibt l t ion of second-phase pa r t i c l e s .  Finely dispersed in t e r -  
met.allic p a r t i c l e s  have been successful ly  delineated in these 
samples, which include six dingot uranium samples with d i l u t e  Fe-Si 
additions,  and three ingot uranium specimens d i l u t e l y  alloyed with 
Fe-Si and Fe-Al. 

Twelve random photographs a t  15,000 X were obtained f o r  quant i ta t ive 
metallographic analysis  of each sample. The p a r t i c l e s  have been 
measured and the  raw data a r e  being processed through a computer 
program which w a s  previously developed on t h i s  program. 

Several of the  completed specimens were mechanically polished using 
the  Syntron polishing technique outlined in the  previous monthly 
report  (August 1963). Samples which had received similar polishing 
and etching treatmerits, and which had been prepared by both the  
Syntron'and the hand polishing methods, were compared by electron 
metallography. 
uniform surface conditions. This attainment w i l l  g r ea t ly  a id  i n  
defining a general e lectropol ishing treatment f o r  the  remaining 
specimens, since the  i n i t i a l  surface condition i s  important i n  de- 
termining the  polishing charac te r i s t ics  of each sample. 

Specimens prepared with the  Syntron exhibited more 

Intermetal l ics  present i n  the  alloyed ingot uranium samples a re  
readi ly  delineated by electropol ishing f o r  60 seconds a t  a closed 
c i r c u i t  po ten t i a l  of 18 vol t s ,  followed by electroetching a t  a po- 
t e n t i a l  of f i v e  vol t s  fo r  120 seconds. The e l ec t ro ly t e  i s  the  same 
as t h a t  discussed in  the August 1963 monthly report .  
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A similar technique has been employed on the  dingot uranium samples 
and Eas yielded very sporadlc r e s u l t s ,  
microstructures were obtained a f t e r  th ree  t o  f i v e  polish-etch cycles 
while a similar treatment of other samples rendered the surface 
completely unacceptable f o r  e lectron microscopy. 

The large difference i n  specimen s i ze  and geometry, as well a s  t he  
differences io. metallurgical his tory,  undoubtedly contribute t o  t h i s  
observed variatioL of pclishing charac te r i s t ics .  
curves of the  e l ec t ro ly t i c  c e l l  were determined f o r  both types of 
samples. 
electropolishing cf dixigat samples. 
indicates improved r e su l t s .  
the  proper electropoiishing conditions f o r  the remaining specimens. 

In some cases acceptable 

Current-potential 

Closed c i r c u i t  po ten t i a l  of 12.5 vol t s  w a s  se lected f o r  the  
Preliminary irivestigation 

Further study I s  necessary f o r  defining 

5. I r radiat ior .  Damage t.3 React.or bktals  

Alloy Select ioc 

Procurement of materials t o  be used as t e s t  specimens f o r  the Ir- 
radiat ion Effects  on Reactor S t ruc tura l  Materials Program i s  con- 
t inuing.  
A286 and 406 were receive6 during the past  mortth. 
t he  AISI 348 SS was made during the week of September 16>  1963. 

Additional q u a r t i t i e s  of AIS1 304 SS, Zircaloy-2, AM-350, 
Final  shipment of 

Specimen quadrants from the  ETR hot water loop f a c i l i t y  containing 
HastellGy N,  Dxonel 702 , R-235, Incoliel 625, Inconel 718 and R-27 
have arr ived ori-site and are  present ly  being examined in  Radiometal- 
lurgy Laboratory. In addition, capsules from the  ETR G-6 cold water 
f a c i l i t y  containixq t e n s i l e  specimens of R-235, R-27, Hastelloy N, 
and Inconel 625 exposed t o  1.8 x 1020 nvt ( f a s t )  and Cb - 1 Z r ,  
Cb-752, and Ta - 10 W exposed to 1 x 1$* ( f a s t )  were received on- 
s i t e .  These materials w i l l  be exambed t o  de%ermine the  e f f e c t s  of 
i r r ad ia t ion  upon t h e i r  nechanical propert ies  and microstructure. 

Four graphite boats containing specimens of Inconel 600, Incoloy 800, 
Inconel 625, AISI 406, Hastelloy X, AISI 348, R-235, Hastelloy N, 
Inconel 702, Inconel 718, and !I’D Nickel were delivered t o  the  reactor  
f o r  i r r ad ia t ion .  These a l loys  w i l l  be i r r ad ia t ed  a t  an estimated 
temperature cf 600 C (lli2 F)  t o  d i f f e ren t  exposures iC a gaseous 
environment. Similar boats i r r ad ia t ed  a t  525 C (977 F )  are scheduled 
f o r  discharge during the  next reactor  shutdown. 
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--Reactor Measurements of Mechanical Properties 

The two in-reactor creep t e s t s  on 2036 cold worked Zircaloy-2 s t a r t ed  
l a s t  month were continued. 
p le t ion  of a long reactor  outage during which t h e  t e s t s  were stopped. 
The observed in-reactor creep r a t e s  were 1.04 x 10-5/hr a t  320 C 
(608 F) and 35)OOO p s i  (2450 kg/cm2) and 1.25 x lO'5/hr a t  365 C 
(688 F) and 25,000 p s i  (1750 kg/cm2). These r a t e s  a re  s l i g h t l y  lower 
than those found during i r r ad ia t ion  before the  outage. 
lower r a t e s  were expected a s  ne i ther  t e s t  reached a steady s t a t e  
condition before the outage. 
the  temperature of both t e s t s  was increased t o  provide addi t ional  
steady s t a t e  dzta.  

Creep r a t e s  were determined af ter  com- 

The s l i g h t l y  

After t he  creep r a t e s  were measured, 

Creep r a t e s  found are a s  follows: 

- St re s s  ( p s i )  Temp., C Creep Rate, hr 

25, ooo 
25 ) ooo 

35 ) 000 345 (653 F) 1.0 x 10- 
20) 000 395 (743 F) 3.2 x 10-< 

377 (711 F) 3.0 x 10:; 
395 (743 F) 4.2 x 10 

25, ooo 377 (711 F) 3.0 x 10:; 
25 ) ooo 395 (743 F) 4.2 x 10 
20) 000 395 (743 F) 3.2 x 10-z 
35 ) 000 345 (653 F) 1.0 x 10- 

All of the  above data  p l o t  w e l l  on t h e  Arrhenius p lo t .  
energy for  t h i s  p l o t  i s  86,000 cal/mole, while ex-reactor t h e  activa- 
t i o n  energy f o r  creep i s  60,000. 
a t t r i bu ted  t o  the formation and annealing of rad ia t ion  produced creep 
obstacles.  

The act ivat ion 

The excess ac t iva t ion  energy is 

The in-reactor creep behavior of Zircaloy-2 is becoming w e l l  defined. 
A t  t he  present time it is possible,  with the  a i d  or' t h e  Arrhenius 
p lo t ,  t o  pred ic t  in-reactor steady s t a t e  creep r a t e s  over a wide 
range of temperature and stress. It i s  a l s o  possible  t o  pred ic t  the  
magnitude of t he  creep r a t e  increase during a reac tor  outage as w e l l  
as t h e  time required t o  i n i t i a t e  such an increase.  
in-reactor creep t e s t s  are required t o  complete the study of 
Zircaloy-2. 

Only three  more 

These w i l l  be completed i n  about th ree  months. 

I r r ad ia t ion  Effec ts  i n  S t ruc tura l  Miterials 

The purpose of t h i s  program is t o  inves t iga te  the  combined e f f e c t s  of 
i r r ad ia t ion  and reac tor  environment on the mechanical proper t ies  of . 

s t ruc tu ra l  mater ia ls .  
mination of mechanical property changes produced i n  metals by i r rad ia-  
t i o n  a t  elevated temperatures. 

Special  a t ten t ion  w i l l  be given t o  the  deter-  

A cask containing 21 GEH-20 quadrants discharged from the  G7 hot  
water loop and nine GEH-14 capsules discharged from the  ETR G-6 
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ambient water p o s i t i m  was received by the  Radiometallurgy 
Operation a t  Hanford. 
shipment consis t  of re f rac tory  meta l  a l loys ,  nickel-base al loys,  
s t a in l e s s  s t e e l s ,  and Zircaloy-2. 

I r rad ia ted  mater ia ls  included i n  th5s 

Three cent ra l  f lux  monitors of a new design containing continuous 
dcsimeter wires were fabricated and shipped t o  the ETR f o r  inser t ion  
i n  the G7 loop. The purpose of these new cent ra l  monitors i s  t o  
obtain continuous f lux  data  over the  e n t i r e  length of the reactor  
core as opposed t o  the in te rmi t ten t  measurements current ly  obtained, 
The f l u x  monitor assembly i s  designed t o  reduce handling time and t o  
eliminate hot c e l l  disassembly. 

A Magna-Gage has been obtained f o r  determining r e l a t i v e  magnetic 
suscep t ib i l i t i e s  of various s t a i n l e s s  s t e e l s .  Preliminary measure- 
ments show t h a t  t h i s  gage is  sens i t ive  t o  changes in ferromagnetic 
cors t i tuents  in aus t en i t i c  s t a in l e s s  s t e e l  r e su l t i ng  from cold work 
and heat treatment. 

A vacuum furnace u t i l i z i n g  an induction current  concentrator has 
been desigzed f o r  high temperature t e s t s  of nickel-base and refrac-  
t o r y  al loys.  This f u n a c e  i s  being employed t o  measure the high 
temperat7.u-e s t ress-rupture  proper t ies  of Haynes Alloy-25 and the 
r ec rys t a l l i za t ion  temperature of varicus re f rac tory  al loys.  The 
furnace has been equipped w i t h  automatic temperature control and is  
being modified f o r  hot c e l l  use w i t h  a remotely operated Instron 
t e n s i l e  frame. 

The increase hi yield s t rength of Zircaloy-2 as a function of neutron 
exposure has been compared for neutron i r r ad ia t ions  both a t  60 C 
(140 F )  and 280 C (540 F). 
1020 nvt, there  is  no s ign i f i can t  difference i n  the  r a t e  of damage 
accumulation f o r  the two i r r a d i a t i o n  temperatures, and a l i nea r  
function e x i s t s  between y ie ld  s t rength and log  nvt f o r  several  con- 
d i t i o c s  of p r i o r  cold work. A t  in tegrated exposures grea te r  than 
1020 nvt, the  higher i r r a d i a t i o n  temperature results i n  a higher r a t e  
of dama e accumulation i n  annealed Zircaloy-2. 
than loB0 nvt ,  the  y ie ld  s t rength of cold worked Zircaloy-2 begins t o  
decrease with i r r ad ia t ion ,  indicat ing t h e  occurrence of radiation- 
induced recovery. The r a t e  of recovery is  higher f o r  the  higher 
temperature of i r r ad ia t ion .  

For integrated exposures l e s s  than 

A t  exposures grea te r  

Ambient temperature i r r ad ia t ions  of various program mater ia ls  a re  
being conducted in the  ETR G-6 and other core pos i t ions  t o  provide 
comparative data f o r  the elevated temperature i r r ad ia t ions  a t  280 C 
(540 F) i n  the  G-7 hot water loop. Nine capsules containing 
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refractory a l loy  t e n s i l e  specimens and Zircaloy-2 notched beam 
Specimens were assembled and shipped t o  the  ETR f o r  inser t ion  i n  
Cycle 58. 
were a l so  shipped. 
inser ted fo r  low temperature i r r ad ia t ions  over the  pas t  four  
months t o  200, of which approximately one-third have been dis-  
charged and a re  awaiting t e s t h g .  

A pcgram hzs been i n i t i a t e d  t o  study t h e  e f f e c t s  of pre- i r radiat ion 
conditioaing by mechanical working and therms1 treatment on the  
stress-rupture and t e n s i l e  propert ies  of i r r ad ia t ed  Hastelloy X-280, 
IxlcDcel 600, znd Inconel X-750. 
c z d m t e d  t o  determine the e f f e c t s  of i r r ad ia t ion  on solution- 
harlened and precipitation-strengthened nickel-base, binary and 
te rnary  al loys.  
t h i s  program have been discharged from t ke  G-7 hot  water loop and 
have been returned t o  HAP0 f o r  t e s t ing .  The specimens were given 
various aging treatments p r i o r  t o  i r r ad ia t ion .  Additional examina- 
t i ons  w i l l  include hardness and weight-gain measurements and metal- 
lography. 

Nine matching capsules f o r  the  ETR c r i t i c a l  f a c i l i t y  
This brings the t o t a l  number of specimens 

In addi t ion,  basic  s tud ies  w i l l  be 

Sixty-two Hastelloy X-280 t e n s i l e  specimens f o r  

Recent evaluations of notch t e n s i l e  t e s t s  on Zircaloy-2 specimens 
contaiaing 0, 10, 20, and k$ cold work and i r r ad ia t ed  i n  the  G-7 
hot va+,er loop have been made. 
of cold work (0, 10, and 204) have retained considerable notch duc- 
t i l i t y  and resis tance t o  fast crack growth a f t e r  i r r ad ia t ion  t o  
2.6 x 1020 nvt ,  the highest exposure evaluated t o  date .  I r rad ia ted  
mater ia l  containing 4 6  cold work exhibits good d u c t i l i t y  and res i s -  
tance t o  crack propagation p a r a l l e l  t o  t h e  longi tudinal  direct ion.  
Hcwever, a ser ious decrease i n  notch d w t i l i t  

gation p a r a l l e l  t o  the transverse d i rec t ion .  Duc t i l i t y  i s  near ly  
zero a t  2.6 x 1$O nvt f o r  crack growth in t h i s  d i rec t ion ,  and an 
extrapolat ion of the data  shows t h a t  the  nominal stress f o r  failure 
w i l l  be l e s s  than the  y ie ld  point  a f t e r  an exposure of 4 x 1020 nvt. 

Specimens containing lower amounts . 

and resis tance t o  fast  
crack growth s e t s  in a t  approximately 8 x l$ 5 nvt f o r  crack prcpa- 

Damage Echanisms 

The object ive of t h i s  program i s  t o  e s t ab l i sh  the  nature of the  
in te rac t ions  between defects  present  in the metal p r i o r  t o  i r rad ia-  
t i o n  and those produced d u r i n g  i r r ad ia t ion ,  w i t h  emphasis on the  
r o l e  played by i n t e r s t i t i a l  impurities. 
present ly  concerned w i t h  high p u r i t y  i ron  and i t s  low carbon and 
nitrogen a l loys .  

' 

The invest igat ion i s  
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Tests on the  s t r a i n  r a t e  s e n s i t i v i t y  of t h e  lower y ie ld  stress of 
Ferrovac "E" i ron were completed f o r  the strain r a t e  range of 
0.003 inch/& t o  2 inch/-. The r e s u l t s  indicate  t h a t  only one 
deformation mechanism is  operative under the  temperature and s t r a i n  
r a t e  conditions of the  t e s t  according t o  the  G i l m a n  and Johnson 
theory. 

An examination of the f r ac tu re  surface of t he  Ba t t e l l e  zone refined 
i ron sample tes ted  i n  l i qu id  nitrogen showed the  presence of a few 
t w h s .  
investigation of the grain boundaries using electron microscopy. 
Small prec ip i ta te  p a r t i c l e s  were observed along some of the grain 
boundaries 

The intergranular nature of the  f r ac tu re  surface p r o q t e d  an 

I n i t i a l  experiments t o  determFne ac t iva t ion  volumes of i ron  were 
begun w i t h  t e s t s  a t  room temperature using s t r a i n  r a t e  changes of 
a fac tor  of 10 between the s t r a i n  r a t e s  of 0.002 inch/& and 
0.02 inch/&, and between 0.02 inch/& and 0.2 inch/&.. 
act ivat ion volumes (xLB) were found t o  l i e  in the  range 20 t o  65 b3, 
where x is the  distance a d is loca t ion  moves during a thermal activa- 
t i o n  over a ba r r i e r  t o  s l i p ,  L is the  length of dis locat ion taking 
pa r t  in the thermally act ivated jump,.and b i s  the Burgers vector 
(about 2.5 A i n  Fe). 

The 

Environmental Effects  

ETR G-7 loop water analyses have continued t o  show oxygen concentra- 
t ions  below one p a r t  per  mill ion.  

The E 7  loop downstream out-of-flux specimen exposure chamber w a s  
fabr icated,  examined f o r  defects  by use of radiography and f luores-  
cent dye penetrant and shipped t o  Idaho F a l l s ,  Idaho. Four coupons 
of Wrcaloy-2 p l a t e  a 9 7  were loaded i n t o  t h e  in t e rna l  sample holder 
f o r  exposare t o  i r r ad ia t ed  loop water during ETR Cycle 58. 
the  coupons a re  i n  the br ight  etched condition and the  remaining two 
have a @-hour, 360 C (680 F )  water autoclave precoat.  Water t rans-  
por t  time from the ac t ive  zone t o  the  exposure chamber is expected t o  
be on the order of one second. 

Two of 

As a consequence of t he  observed higher r a t e  of weight gain shown by 
i r r ad ia t ed  Zr-2 specimens as compared with unirradiated specimens of 
the  same p l a t e  material  during the  i n i t i a l  two-week exposure of a 
39-day autoclave t e s t  i n  1500 psig steam a t  400 C (752 F),  a 24-hour 
autoclave t e s t  was conducted t o  confirm the  observation. The 24-hour 
test  comprised both i r r ad ia t ed  and unirradiated Zr-2 w i t h  half  of the  
specimens of each type pre-heat t r ea t ed  f o r  24 hours a t  400 C (752 F )  
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i n  vacuo. The purpose of the  vacuum heat treatment was t o  explore 
the poss ib i l i t y  t ha t  annealing of radiation-induced defects  during 
autoclaving may have caused oxidation r a t e s  of the i r rad ia ted  
material  t o  approach normal r a t e s  during extended autoclaving. No 
s igni f icant  differences i n  specimen weight gains a t t r i bu tab le  t o  
i r rad ia t ion  or  annealing e f f ec t s  were observed a t  the  end of the 
24-hour period, but 2.11 weight gains were 30 t o  106 greater  than 
the  "expected" Lustman and Kerze value of about 10 mg/&. A l l  
specimens were reloaded i n t o  the autoclave f o r  an addi t ional  13 
days a t  temperatare. 

Metallography on a sample cut from in-reactor  coupon 8 -10, 4C$ 

and 8.2 x 1020 nvt showed an average oxide thickness of 0.313 mil 
equivalent t o  a weight gain of 129.3 mg/dm2. The measured weight 
gain of this  specimen w a s  135.6 mg/dn?. Hydrogen content of t h i s  
50-mil th ick  specimen w a s  found by analysis  t o  be 188 ppm, End t h i s  
was confirmed by micrographs showing a hydride d i s t r ibu t ion  equiva- 
l e n t  t o  about 200 ppm. 

cold work, 125 days in-core a t  540 F (282 C) 7.6 x Id- I nv ( f a s t )  

ATR Gas LOOD Studies 

H e l i u m  Corrosion Studies. 
specimens were exposed t o  lgO f t 3  of flowing A Grade helium a t  1038 C 

Single rows of Hastelloy X and Haynes 25 

(1900 F )  over a period of 10 days. 
weight while downstream samples l o s t  weight, though a l l  the samples 
were oxidized. 
tenacious oxide f i lm  t h m  the  Haynes 25 a l l o y  and d id  not lose weight; 
however, t he  lead samples gained the  most weight. 

Lead samples of Haynes 25 gained 

The Hastelloy X specimens appeared t o  have a more 

Weight losses  of Hastelloy X descaled e l e c t r o l y t i c a l l y  in a molten 
NaOH-Na2C9 bath, corresponded t o  penetrat ions of 0.06 m i l  t o  
0.13 mil f o r  the  rear  samples and lead samples, respectively.  For 
the  Haynes 25 specimens the  average penetrat ions were 0.08 mil t o  
0.15 mil f o r  the  rear  and lead  samples, respectively.  
ments do not take in t e rna l  oxidation i n t o  account. 

These measure- 

In order t o  calculate  oxide losses  during the t e s t ,  it was assumed 
that the  molecular r a t i o  of metal l ic  const i tuents  i n  the  scale  w a s  
t he  same as in the  metal. 

Calculations based on this assumption show t h a t  during exposure t o  
the  high temperature helium, the Hastelloy X specimens lost l i t t l e  
o r  no oxide, compared t o  a t  l e a s t  254 loss f o r  t he  Haynes 25 specimens. 
bktallographic examination t o  determine t h e  extent  of i n t e rna l  oxida- 
t i o n  i n  the  two materials i s  now in progress. 
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Helium Purif icat ion.  
t o  maintain gas pu r i ty  i n  the  ATR gas loop. 
pur i f ica t ion  system depends on the  amount of contamination i n i t i a l l y  
present in the gas and in the system, and on the  amount of contami- 
nation continuously introduced because of leaks.  

A helium pur i f i ca t ion  system i s  necessary 
Correct s iz ing  of the  

On s ta r tup ,  the time required t o  a t t a i n  a given low impurity l eve l  i n  
the  loop gas can be estimated by the  r e l a t i o n  

where t = time required,  h r .  
v = t o t a l  volume of gas in  loop, f t 3  
G = flow r a t e  through helium pur i f i ca t ion  plant ,  f t3 /hr .  
z = impurity concentration in loop gas ,  ypm (v iz . ,  

x = i q u r i t y  concentration i n  e f f luent  from helium 

y = i n i t i a l  impurity concentration in loop gas, vpm. 

volume p a r t s  per mi l l ion) .  

pu r i f i ca t ion  p lan t ,  vpm.  

Upon attainment of steady s t a t e  conditions, a t  which time the  helium 
pur i f ica t ion  system i s  maintaining system pur i ty  against  a constant 
in-leakage of contaminant, the  by-pass f r ac t ion  may be estimated by 
the  r e l a t ion  

G Q 
H Q-x + z - =  

where G = flow r a t e  through gas pu r i f i ca t ion  system, f t3 /hr .  
H = t o t a l  flow rate through loop, f t3 /hr .  
Q = the  in-leakage occurring in the  time required 

f o r  t h e  gas t o  make one cycle, vpm. 
x = impurity concentration i n  pur i f ied  helium, vpm. 
z = aim impurity concentration i n  loop gas, vpm. 

The helium pur i f ica t ion  system must be designed t o  handle the  heavier 
of t he  two types of loads, i . e . ,  i n i t i a l  gas pu r i f i ca t ion  in a rea- 
sonable t i m e ,  and maintenance of p u r i t y  against  constant in-leakage. 

Gas Analysis. 
ion cross sect ion detector  which the  vendor claims w i l l  detect  one ppm 
of oxygen, ni t rogen,  hydrogen, methane, carbon monoxide, and carbon 
dioxide in helium. 
hydrogen as  well  as  t he  other  gases. This instrument w a s  i n s t a l l e d  in 
326 Building f o r  evaluation and ca l ibra t ion .  
d i f f i c u l t i e s  were encountered including a very troublesome feedback 

A gas chromatograph was received which u t i l i z e s  a new 

This de tec tor  i s  unique in i ts  a b i l i t y  t o  detect  

A number of s t a r tup  

UNCLASSIFIED 
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problem i n  the  control c i r c u i t s  which prevented sa t i s f ac to ry  
temperature control.  
solved, and i n i t i a l  t e s t i n g  shows t h a t  the  detector  responds 
well  t o  oxygen, nitrogen, and carbon monoxide. 
and methane have not yet been checked. I n i t i a l  quant i ta t ive 
results indicate a s e n s i t i v i t y  of 10 ppm i s  a t ta inable  and with 
fu r the r  cleanup of the c a r r i e r  gas the claim of one ppm s e n s i t i v i t y  
may be achieved. The new detector  is  f a r  superior t o  a t h e m 1  
cmduct ivi ty  detector f o r  hydrogen and appears a t  l e a s t  equal f o r  
the  other gases. 

These i n s t a l l a t i o n  problems have 'been 

Carbon dioxide 

S t ra in  Cycling Loop W t e r i a l s .  
signed, and some candidate loop materials have been ordered f o r  

A t e s t  configuration has been de- 

strain,  cycling t e s t s .  
The materials t h a t  have been ordered a re  Hastelloy X, Haynes 25 and 
304 SS. 
Inconel 702, and 316 SS. 

The t e s t s  w i l l  be run i n  helium atmosphere. 

Other materials which w i l l  be t e s t e d  a re  Inconel 600, 

Insulat ion Studies. Refinements have been made i n  the  fabr ics t ion  
method developed f o r  the  la rge  castable Fiberfrax insulat ing blocks 
t o  be used between the hot helium containing superalloy inner pipe 
and the cooler pressure bearing s t a i n l e s s  s t e e l  outer pipe on the  
model gas loop. The combination of s t a i n l e s s  s t e e l  wire and mesh a s  
reinforcing material  i n  the block i n t e r i o r  has overcome the tendency 
of t he  blocks t o  crack during thermal cycling. Studies an the  out- 
gassing and load bearing cha rac t e r i s t i c s  of the  Fiberfrax insulat ing 
blocks a t  service temperatures expected in the  model loop are  under 
way. 

Test Section Construction. Construction of the  Mark I t e s t  section 
f o r  the  model loop has s t a r t ed .  
s t a in l e s s  s t e e l  t ; lbes.for t he  t e s t  sect ion s h e l l  and the Grayloc 
flange f o r  the  opening a t  the  top  of the  t e s t  section a re  on hand. 

The pressure bearing type 347 

Germinative Grain Growth in Superalloys. Large grains  such as those 
of ten produced by germinative type grain growth can have detrimental  
e f f e c t s  on the  t e n s i l e ,  impact and corrosion propert ies  of m t a l s .  
A study i s  under way t o  determine i f  the re  i s  a c r i t i c a l  s t r a i n  f o r  
the  model loop metals Hastelloy X and Haynes a l loy  25 which, upon 
annealing, w i l l  r e s u l t  in germinative grain growth. A s t r a i n  range 
of about O-l& i s  being invest igated for temperatures from 927-1177 C - 
(1700-2l50 F) f o r  Hastelloy X and from 927-1240 C (1700-2265 F)  f o r  
Haynes a l loy  25 f o r  annealing times of one and 24 hours. Samples with 
varying amounts of s t r a i n  were made by r o l l i n g  s l i g h t l y  tapered t h i n  
p l a t e s .  They were sealed inside a quartz tube in a helium atmosphere 
f o r  thermal treatment. 
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Results thus far  indicate  that  there  is  no germinative grain 
growth fo r  Hastelloy X or Haynes a l l o y  25 when s t ra ined  over 
the  range of about 0-16 and annealed a t  927, lolo, and 1093 C 
(1700, 1850, and 2000 F )  f o r  one or 24 hours. 
or iginal  grain s i ze  of ASTM 7 f o r  the Hastelloy X and ASTM 3-4 
f o r  the Haynes a l loy  25 d id  not appear affected by the ro l l i ng  
and thermal treatments. 

M h e r ,  the 

Heat Transfer Program. The computer program prepared f o r  calcu- 
l a t i n g  interface temperatures and heat  losses  f o r  t h e  doubly 
contained pressure piping with insu la t ion  between pipes has been 
expanded t o  include a l t e rna t ive  construction materials. The 
program ce? be u s e d  t o  ca lcu la te  temperatures f o r  up t o  e ight  layers  
of materiel plus the ins ide  and outside f i l m  drops using e i t h e r  
helium or  water. 
316 and 347 s ta i r i less  s t e e l ,  Hastelloy C and X, carbon s t e e l ,  
Zircaloy-2, TD Nickel, Inconel and Inconel X, Rene 41, and aluminum. 
Insulators  include carbon f e l t ,  s i l i c o n  carbide, Fiberfrax,  Micro- 
Quartz, Refrasi l ,  Zirconia, meta l l ic  insu la t ion  and molded dia- 
tamaceous ear th .  The program i s  arrarged t o  permit addi t ion of 
other material  equations and permit modificatior, of mater ia l  thermal 
conductivit ies as more precise  data  become available. 

S t ruc tura l  materials i rc lude the  re f rac tory  metals, 

Tensile Specimen Holder. A report. on the "Tensile Specimen Holder 
f o r  the  ATR High Temperature Gas Loop" has been wri t ten.  This re- 
por t  evaluates a t e n s i l e  specimen holder designed ear l ier  t h i s  year, 
provides a revised design, compares materials fo r  construction of 
the holder and ind ica tes  areas f o r  fu r the r  invest igat ion.  
vised holder contains fewer parts and i s  e a s i e r  t o  fabr ica te  than 
the  or ig ina l  holder. 
because of i t s  high melting temperature, low creep r a t e ,  high re- 
c rys t a l l i za t ion  temperature, ease of fabr ica t ion ,  and excel lent  
welding cha rac t e r i s t i c s  be used f o r  construction of t h i s  holder. 
Possible a l t e rna te  materials are cclumbium a l loy  B-66 or molybdenum 
a l loys  Mo-0.5 T i  or  TZM. F ina l  choice of construction material 
w i l l  be based on f u r t h e r  invest igat ion.  

The re- 

It i s  recommended t h a t  columbium a l l o y  CB-752, 

Creep-Rupture Tests.  
creep-rupture proper t ies  of Haynes 25 a t  2100 F (1149 C ) .  This 
material  is being cozsidered f o r  use in t h e  A l T  as a s t r u c t u r a l  
material  f o r  the heater  e x i t  piping. 

A program has beer s t a r t e d  t o  evaluate the 

An induction heating furnace has been modified t o  nu shor t  time 
creep-rupture t e s t s  FC conjuction with the  Instron t e n s i l e  machine. 
Temperature is control led an3 recorded automatically by the  use of 
a magnetic amplif ier  &?d Brow. recorder.  A compression-type 
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extensometer i s  incorporated i n t o  the system t o  measure elongation. 
A load pan i s  hung from the  lower pu l l  rod and lead weights added 
accordingly, depending upon the  s t r e s s  required. 

To date, two t ens i l e  t e s t s  and four creep rupture t e s t s  have been 
rwi. 
i n  the l i t e r a t u r e .  

These t e s t s  a re  i n  agreement w i t h  the  l imited data available 

Radiation Damage meory 

Ib m-68758A, calculations were reported which showed t h a t  i f  a 
sgecif ic  materialwere exposed t o  neutron spectron of widely d i f -  
ferent  energy ciistribution, vacancy production by each spectrum 
wouldbe d i r ec t ly  proportional t o  the flux of neutrons having 
energies greater  thm a "limiting energy", EL. 
constant f o r  a given mater ia l  but  varied i n  a somewhat systematic 
fashion from material  t o  mater ia l .  

This concept has been fu r the r  t e s t ed  by calculat ing the  vacancy 
production using the Kinchin & Pease model, the  Beeler model and 
the  Beeler model modified t o  give tr ivacancy and l a rge r  c lus te r  
production. 
(E > 1 MeV) d i f f e r s  by a f ac to r  of 10 among the models, correlat ion 
of vacancy production with nvt (E > LL) agrees t o  within 1 6  i n  all 
instances.  
differences occur accounts f o r  the  smallness of the e r ro r .  This 
r e su l t ,  however, lends more support t o  the  u t i l i t y  and v a l i d i t y  of 
t h i s  approach f o r  characterizing neutron f lux  i n  damage s tudies .  

was found t o  be 

Although the  weighting of high energy neutrons 

Relatively low f lux  in the energy range where theo re t i ca l  

6. Gas Cooled Reactor Studies 

EGCR Graphite I r rad ia t ions .  
of long-term i r r ad ia t ions  of EGCR graphi te  was successfully removed 
f romthe  GETR on August 17, a f t e r  completing a four-cycle i r r ad ia t ion  
period. 
sample measurement, f lux  monitor analyses, and temperature deterrdna- 
t i ons  a re  now in  progress. 
be 16 x 

Low Temperature I r rad ia t ions .  
petroleum-coke f i l l e r s  have been i r r ad ia t ed  t o  an exposure of 
8300 MWD/ATK a t  30 C.  
were included f o r  a comparison of dimensional s t a b i l i t y .  
were graphitized a t  2700 t o  2800 C with the  exception of TSGBF 
graphitized a t  2450 C. 

The s i x t h  capsule, H-3-6, in  the  se r i e s  

A l l  24 samples and 65 f l u x  monitors were recovered and 

Maximum neutron exposure i s  estimated t o  
E > 0.18 MeV. 

Graphites prepared with e ight  d i f f e ren t  

Three nuclear graphi tes ,  CSF, KC and TSGBF, 
All graphites 

Samples were 0.426 inch diameter x 4 inches 
long. 

UNCLASSIFIED 
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8 .. 

I n  the transverse d i rec t ion  a l l  samples expanded. 
2.21 t o  4.739 i n  comparisor w i t h  3.34 f o r  CSF and 4.77 f o r  KC. 
The exception w a s  a graphite prepared w i t h  i ron  oxide addition 
which expanded 0.5@ i n  the  p a r a l l e l  d i rec t ion .  This material  
expanded only 2.324 t ransversely and thus shows good dimensional 
s t a b i l i t y .  

The range was 

Graphite Radiat.ioIi Damage Studies 

Effect of Long-term Heat Treatment on Graphite. TWO transverse un- 
i r rad ia ted  graphite s a q l e s  were subjected t o  temperatures of 800 C 
for 64 days w i t h  in te rmi t ten t  periods at. room temperature. 
t i a l l y  no change vas oSserved. 

Elec t r ica l  Res is t iv i ty  of Graphite. 
grade GC-126 graphite,  a candidate f o r  ETLTR heat- element use, 
was measured from 25 t o  939 C. 
and 4 inches long. The e l e c t r i c a l  r e s i s t i v i t y  a t  25 C w a s  1.23  x 
10-3 ohm-cm a t  550 C. Above 550 C the e l e c t r i c a l  r e s i s t i v i t y  in- 
creased about 0.018$/~c acd the  value measured a t  939 C was 1.04 x 
10-3 ohm-cm. 

Essen- 

The e l e c t r i c a l  r e s i s t i v i t y  of 

The sample w a s  0.5 inch in diameter 

Boronated Graphite Studies 

Analysis of Gas Annulus Capsule. 
design i n  which heat wouid be t ransfer red  from boronated graphite 
samples by gas conduction and r ad ia t io r  only. Calculations of gas 
annulus spacing f o r  various heat generation r a t e s  were carr ied out 
and the r e s u l t s  were tabulated in graphical form (heat generation 
versus gas-gap spacing). 
t h e  t o t a l  heat would be t ransfer red  by rad ia t ion  loss. 

A study w a s  =de of a capsule 

The r e su l t s  ind ica te  t h a t  only 0.5s of 

Burnout of Boronated Graphite. 
(@"(n,cr)&?., E = 7.6 MeV) is the  major source of hea t  in i r r ad ia -  

Because the  burnout react ion 

t i o n  of boFonated graphite,  graphite cha rac t e r i s t i c s  were calculated 
f o r  specimens of vary- boron content under typ ica l  i r r ad ia t ion  
conditions.  
t r i b u t e s  t o  the  radiation-induced damage. 

The B(n,cY) Li  react ion ie a l s o  important s ince it con- 

During an i r r ad ia t ion  i n  which the  boron concentration I n  the  outer 
10% of a sample would be reduced from 84 t o  44, t he  heat generation 
r a t e  would decrease only 6.54. 
r e l a t ive  heat generation r a t e s  i n  samples containing 6 and 30 w/o 
boron a re  only 5$ l e s s  and 13% more than the  r a t e  in an 8 w/o boron 
sample. Thus, because of self-shielding,  the  heat generation r a t e  
i s  r e l a t i v e l y  insens i t ive  t o  burnout and t o  i n i t i a l  boron concen- 
t r a t i o n .  

Furthermore, t he  expected t o t a l  
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Self-shielding a l so  leads t o  severe react ion gradients  in samples 
with boron concentrations exceeding 3$. For example, the re- 
act ion r a t e  a t  the surface of a 0.426 inch diameter, 85 boron 
sample is  seven times the r a t e  a t  the center  and the  difference 
is  even more pronounced f o r  higher boron concentrations. I n  the 
case of the 3 6  boronzted samples the react ion r a t e  i s  reduced 
by 7046 within 0.05 cm of the surface.  These data i l l u s t r a t e  the  
necessi ty  f o r  careful  design of i r r ad ia t ion  t e s t s  and laboratory 
r e su l t s  so  t h a t  data meaningful t o  p r a c t i c a l  appl icat ion can be 
obtained. 

9. Metallic Fuel Element Development 

I r rad ia t ion  of Thorium-Uranium Fuel Elements. 
Zircaloy-2 clad thorium - 2.35 w/o U-235 - 1.0 w/o Zr fuel elements 
have completed t h e i r  four th  cycle of i r r ad ia t ion  i n  the  GTR P-7 
Loop. A t  the end of t he  fourth cycle the  maximum exposure achieved 
w a s  1.2 x 1020 f iss ions/cc (3400 EaJD/T). Maximum spec i f i c  power 
during the  fourth cycle was 68 watts/gm (205 kw/ft) w i t h  a corres- 
pondbg maximum f u e l  temperature of 580 C. 

Three tubular  

Weight measurements made a t  the  end of the  fourth cycle showed a 
t o t a l  volume increase of 0.5% f o r  t h e  highest  exposure fuel  element 
and O.3$ f o r  the  two lower exposure f u e l  elements. WS l a w  ob- 
served volume increase e s s e n t i a l l y  represents t he  theo re t i ca l  
minirmun densi ty  change associated w i t h  f i s s i o n  product generation 
within the  f u e l .  

Dispersed Phase Thorium Alloys. One phase of the  meta l l ic  f u e l  
development program f o r  FY-1964 i s  the  study of quarternary ad- 
d i t ions  t o  thorium base, s o l i d  solut ion strengthened, Th-U-Zr 
te rnary  alloys f o r  development of f i n e l y  dispersed in te rmeta l l ic  
compounds i n  the  s t ruc ture .  The dispersed phases are expected t o  
contribute t o  addi t ional  i r r a d i a t i o n  swelling res i s tance  i n  these 
high strength,  corrosion r e s i s t a n t  a l loys .  

l h i t i a l  alloys have been prepared as 100-gram a r c  melted buttons 
w i t h  aluminum or  beryllium addi t ions (500 t o  2000 ppm) t o  thorium 
base alloys containing 2.5 or  5.0 w/o U and 2.0 o r  5.0 w/o Zr. 
Attempts t o  hot  roll t h e  Th-2.5 w/o U-2.0 w/o Zr t e rnary  a l l o y  and 
the  same composition w i t h  Al o r  Be addi t ions resu l ted  i n  severe 
cracking. 
o r  900 C. 
1.0 w/o Zr previously vacuum melted w a s  e a s i l y  ro l l ed  a t  900 C 
preheat a t  0.010"/pass t o  0.125'' t h i c h e s s  without cracking. 
d i t i o n a l  a l l o y  buttons were melted f o r  fabr ica t ion  work t o  

Heating w a s  done in a neu t r a l  sa l t  bath a t  e i t h e r  850 
By contrast  , an a r c  melted button of Th-2.5 w/o U- 

Ad- 
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determine whether the  d i f f i c u l t y  in fabr ica t ion  is due t o  com- 
posi t ion o r  i s  re la ted  t o  m u r i t i e s  not removed in the  a rc  button 
melting (argon atmosphere). 

Submicron Uranium Carbide Dispersion i n  Metall ic Uranium. 
previous monthly report  described the  formation of a uranium carbide 
dispersion, submicron i n  s ize ,  i n  uranium metal shot; and the simul- 
taneous demi f i ca t ion  and cladding of t he  mater ia l  t o  form a f u e l  
rod su i tab le  f o r  i r r zd ia t ion  t e s t i r g .  AdditioIial examination has 
been made of heat t rea ted  sectioris of these f u e l  rods including 
electron microscopy of cathodically et.ched specimens. The uranium 
carbide pa r t i c l e s ,  in electron microscope exanination, appear one 
micron ana smaller a f t e r  beta heat treatment of the  fue l .  An addi- 
t i o n a l  quan5izy of uraxifum shot;  -10 +30 mesh, containing approxi- 
mately 650 ppm ca,-5oL, has been prepared f o r  addi t iona l  fabr ica t ion  
s tudy t o  determine the s i ze  of t he  uranium shot on densif icat ion,  
and carbide s ize  and d is t r ibu t ion .  

The 

Corrosion Studies or? Thorium-Contaminated Braze Alloy. A se r i e s  of 
Zircaloy-2 + 5 w/o beryllium braze a l loys  containing thorium con- 
tamination ranging from 0.0125 TI? t o  3.1$ Th have been made by arc  
melting. A l a rge  number of corrosion coupons have been machined 
f romthe  buttoas.  Prelimina-ry weighing and measurements have been 
completed, and the  i n i t i a l  charge of corrosion coupons a re  t o  be 
autoclaved. 

Compatibility of S t ruc tura l  Materials with the  ElTLTR Environment. 
A group of candidate materials f o r  cladding and s t r u c t u r a l  components 
a re  being evaluated f o r  use i n  the High Temperature La t t i ce  Test Re- 
ac to r  (HTLTR). 
Inconel 6251 Nickel-A, TD Nickel, Hastelloy Z80P Hastelloy B, and 
unalloyed molybdenum. 
of the reactor  atmosphere on corrosion, d u c t i l i t y  and microstructure, 
the  materials were exposed 192 hours in nitrogen gas a t  1000 C in the  
presence of graphite.  Prepurified nitrogen gas (nominal impurity 
l eve l s :  02-5 ppm, A-10 ppm, hydrocarbon - 1 ppm) w a s  passed through 
graphite a t  1000 C mid ther; over the specimms, with one group being 
i n  contact w i t h  the  graphite.  The only mater ia ls  which did not under- 
go a weight gain a f t e r  the exposme were Nickel-A and TD nickel .  
With the  other materials,  weight g a i m  ranged from approximately 
400 mg/dm2 f o r  molybdenum in ccntact with graphite t o  approximately 
700 mg/dn2 f o r  Inconel 600 ix contact w i t h  graphite.  
the  mater ia ls  not ili coxitact with graphite had s l i g h t l y  smaller weight 
gains than the  specimens i n  contact w i t h  graphite.  
show a pronomced loss  i n  d u c t i l i t y  f o r  t he  Hastelloys i n  the  nitrogen 
atmosphere, and f o r  Hastelloy XP Inconel 625 and molybdenum f o r  
Nickel-A and TD Nickel in the  bend t e s t s .  

The mater ia ls  being evaluated a re  Inconel 600, 

U a preliminary t e s t  t o  determine the e f f ec t  

In general, 

Bend t e s t  r e s u l t s  
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Tensile t e s t s  and metallographic evaluation of samples from th i s  
preliminary t e s t  are  being obtained. Other samples of the  above 
materials,  along wi th  ceramic specimens and graphite f e l t  samples, 
w i l l  be evaluated i n  addi t ional  t e s t s .  

Aluminum Corrosion and Alloy Development 

Ins t a l l a t ion  of In-Reactor Loop (C-1). The in-reactor  portion of 
the C - 1  Loop was ins t a l l ed  i n  C-Reactor, and the  t e s t  section was - 
operated on process water cooling. 

USAEC-AECL Cooperative Program on Development of Heavy Water Moderated 
Power Reactors 

Thermal Hydraulic Studies. 
t r ica l ly-hea ted  19-rod bundle t e s t  sect ion were examined t o  deter-  
mine the f e a s i b i l i t y  of correlat ing the r e s u l t s .  
were e amined where the flow r a t e  varied between 0.5 x lo6 and 
5 x 10 lb/hr-sq f t  and the  heat f l u x  varied between 0.046 x lo6 
and 0.468 x 106 B/hr-sq f t .  

The analysis  of the  data was divided i n t o  f i v e  main areas:  

Pressure drop measurements f o r  an elec- 

Data from 255 runs 

2 

(1) Single-phase nonisothermal flow. 
(2 )  Determination of t he  s t a r t  of l o c a l  boi l ing.  
( 3 )  Correlation of the heat t r ans fe r  coef f ic ien ts .  
(4)  Pressure drop i n  the l o c a l  boi l ing region. 
(5)  Pressure drop in the  bulk boi l ing region. 

For single-phase nonisothermal flow, it was found t h a t  the  f r i c t i o n  
fac tors  f o r  the  bundle were about twice a s  grea t  a s  those for  smooth 
tubes. 
on 12 of t he  19 rods t o  promote mixing and maintain spacing, and 
also t o  two rings around the  bundle t o  maintain e l e c t r i c a l  b s u l a t i o n .  

The s t a r t  of l o c a l b o i l i n g ,  as  indicated by changes in the r e l a t ion  
between surface temperature and heat flux, took place a t  considerably 
higher surface t e q e r a t u r e s  than predicted by the common correlat ion 
of Jens and Lot tes .  
thermocouple e r ro r s  i s  being fu r the r  invest igated.  

This i s  probably due t o  the presence of h e l i c a l  wire wraps 

While t h i s  i s  unexplained, the  p o s s i b i l i t y  of 

A corre la t ion  of heat t r ans fe r  coef f ic ien ts  f o r  single phase cooling 
indicated t h a t  the  Reynold's number had an influence t o  the  0.6 power 
r a the r  than the  usual 0.8 power. However, t h i s  has been found pre- 
viously f o r  unbaffled rod bundles i n  heat exchangers and the  possi- 
b i l i t y  a l s o  e x i s t s  t h a t  t he  wire wraps would cause such an influence. 
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It w a s  found t h a t  the pressure drop during loca l  bo i l ing  could 
be correlated by the equation 

where Urn = pressure drop during l o c a l  boi l ing 

hpsp = pressure drop during s ing le  phase 

Q/A = heat f lux ,  B/hr-sq ft 

G = mass flow, lb/hr-sq ft. 

The bulk boi l ing pressure drop could be predicted qui te  well by 
using Levy's momentum model t o  calculate  void volume and h i s  
r e l a t ion  between the  void volume and the  r a t i o  of pressure drop 
during boi l ing t o  pressure drop f o r  single phase. 

Based on t h e  correlat ioas  discussed above, an equation was developed 
t o  give the over-all  pressure drop f o r  t h e  bundle when it combines 
s ingle  phase, l o c a l  boil ing,  and bulk boi l ing.  A computer program 
was  wr i t ten  t o  allow conpr i son  of t h i s  equation with the  experi- 
mental r e su l t s .  

12. Advanced Reactor Concept Studies 

Fast  Supercr i t ica l  Pressure Power Reactor. 
parameters f o r  the 300 W e  FSPPR have been determined. The Doppler 

Further physics 

coef f ic ien t  i s  c a l c i a t  d t o  be -2 x 10-5 Ak/OC f o r  normal cool-ant 
conditions and -8 x 10-8 &/OC for void coolant conditions. The 
value f o r  normal coolant conditions i s  somewhat l a rge r  than those 
f o r  other f a s t  reactor designs, but t h i s  i s  expected i n  view of the  
large amount of H20 coolant present in the  core. 

Reactivity as a function of reactor  core coolant inventory was  cal-  
culated f o r  t h e  reference design. 
near normal coolant conditions. If t h e  r e a c t i v i t y  a t  normal coolant 
conditions i s  defined as 0 r eac t iv i ty ,  then the  r e a c t i v i t y  a t  voided 
conditions i s  -0.5% Ak/k and a t  flooded conditions -8.8% &/k. 
a c t i v i t y  change a s  a functioa of t he  hydrogen densi ty  i n  the  
moderator region without. control rods has a l s o  been calculated.  
maximum r e a c t i v i t y  loss of -9.7% Lk/k occurs when 5 6  of the  hydrogen 
i n  the  moderator region i s  l o s t .  Hydrogen losses  of up t o  8 6  can be 
sustained without increasing r eac t iv i ty .  Calculations a l s o  show t h a t  
t he  void e f f e c t  w i l l  remain negative f o r  a hydrogen loss of up t o  5 6  
i n  the  moderator region. 

The maxFmum r e a c t i v i t y  occurs 

Re- 

The 

1 2 3 3 0 1 b  



UNCLASSIFIED A- 44 HW-79046 

Cost estimates were made by E s t i m a t i n g  Operation, HUPO, f o r  
several possible power p lan t  arrangements described i n  very 
br ief  f o m .  
no difference in the  cost  of the  p lan t  regardless of building 
arrangement, and the t o t a l  d i r e c t  cap i t a l  cost  of the 300 We 
FSPPR would be $32.4 mil l ion - i den t i ca l  t o  the  SPPR. 
deta i led  analyses of the  p lan t  layout a re  under way so t h a t  more 
thorough cost  estimates can be made. It i s  expected t h a t  a sub- 
s t a n t i a l  reduction (> $1 mil l ion)  can be made in the  building 
ces t s  below current estimates.  

According t o  these estimates,  there  i s  e s sen t i a l ly  

More 

The cost  of fabr icat ing the  f i rs t  f u e l  loading for  the  300 We 
FSPPR i s  estimated t o  be $5.9 million. 
(including ax ia l  blankets and flux t r a p s )  cos t  $4.5 mill ion 
($256 /kg )  of which the  Rene' 41 s t ruc ture  accounts fo r  very 
near ly  one-half. 
( @ 5 / k g ) ,  the  Rene' 41  s t ruc tu re  representing only one-sixth. 

A fue l  cycle diagram (suitable f o r  both 300 and 1000 We p lan t s )  
has been dref ted.  
t i o n  Handbook procedures, is nearly complete for the  300 MWe 
p l a n t ' s  f u e l  cycle. 

The 42 core elements 

The 30 r a d i a l  blanket elements cost  $1.4 mill ion 

A cost  analysis, following the AEC Cost Evalua- 

The f i rs t  rough d r a f t  of a formal report  on t h e  FSPPR i s  nearing 
completion, and some sect ions have been revised. 
i s  being done on the  second pass tubing t o  reduce the  high primary 
stresses resu l t ing  fron the tube dimensions selected.  
combined primary and secondary stresses are w e l l  below values, 
tube w a l l  thiclmess can be increased s l i g h t l y .  

Some r e d e s i e  

Since the 

A presentat ion describing the  FSPPR w a s  prepared f o r  de l ivery  a t  
t h e  ANI, meeting on fas t  reactors  i n  October. 

Plutonium-Fueled Rocket Reactor. Preliminary calculat ions by 
Applied Physics Operation of power d i s t r ibu t ion  in the rocket 
reac tor  indicate  an approximately linear front- to-rear  var ia t ion  
i n  average power per  fuel p l a t e ,  w i t h  about lo$ of the power i n  
the  last (fourth)  p la te .  Approximate heat  t r a n s f e r  calculat ions 
ind ica te  a maximum temperature a t  t he  center l ine  of t he  f u e l  
webbing of about 5200 t o  5300 R, i n  t h e  t h i r d  and four th  f u e l  
p l a t e s .  
of power d i s t r ibu t ion  and of temperature-pressure relat ionships .  
The indicated temperatures are somewhat higher than the desired 
maximum of 5000 R. If these  temperatures a re  confirmed i n  more 
re f ined  calculat ions,  some temperature relief can probably be ob- 
tained by skewing the  power d i s t r ibu t ion  more s t rongly  toward the  

Work i s  progressing on obtaining more ref ined calculat ions 
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i n l e t  of the reactor.  
i n l e t  p l a t e ,  whose calculated temperature is lower than desired 
for  freedom from hydrogen embrittlement. 

This would a l s o  improve conditions a t  the  

A preliminary calculated pressure drop through the  reactor  a t  a 
hydrogen flow of 207,000 pounds per hour ( fo r  1000 hW power) and 
w i t h  a 1000 p s i  ou t le t  pressure,  i s  l e s s  than 200 p s i .  The pressure 
drop i s  d is t r ibu ted  approximately equal ly  across the  four f u e l  
p la tes ,  with about 10 p s i  of the  drop being contributed by the f ron t  
r e f l ec to r .  
computation of pressure drop. 

A computer code i s  being prepared t o  allow more exact 

13.  Program Proposels 

Ultra-High Temperature Liquid hkta l s  Component F e a s i b i l i t y  Experiment. 
A t  the  request of the AEC, a program proposal (Form 189) has been 
prepared f o r  an ultra-high temperature l i q u i d  metals component fea- 
s i b i l i t y  exgeriment. This experiment had been proposed previously 
a s  a "scouting" e f f o r t  t o  i den t i fy  promising areas  of development in 
the  l i qu id  metals f i e l d  and involves t he  design, development, f ab r i -  
cation, and operation of a bench sca le  l i q u i d  metal flow system with 
components capable of service t o  3500 F. The system would contain 
models of a l l  necessary process equipment except a nuclear heat source 
and includes pump, flowmeter, heat exchanger, heater ,  power converter 
un i t  piping and other necessary a u x i l i a r i e s  f o r  an i n t eg ra l  operating 
system. 

It is considered t h a t  th ree  basic  components which make the  u l t r a -  
high temperature component experiment f eas ib l e  a r e  (1) a tungsten 
fully-bonded honeycomb heat exchanger, ( 2 )  an electromagnetic pump 
fabricated w i t h  nonferrous mater ia ls ,  and (3 )  flow system materials 
of tungsten tubing mater ia l  joined by advanced fabr ica t ion  techniques. 
Development of techniques f o r  the fabr ica t ion  of tungsten honeycomb 
s t ruc ture  and tubing i s  present ly  under way as  p a r t  of another program. 

D. DIVISION OF RESEARCH - 05 PRERAM 

1. Radiation Effects  on hkta l s  

This program i s  directed toward es tab l i sh ing  the  combined e f f ec t  of 
impurit ies and neutron i r r a d i a t i o n  on t h e  propert ies  and s t ruc ture  
of spec i f ic  metals, and deducing from thermally act ivated recovery 
processes how the damage s t a t e  can be a l t e r ed .  Present s tudies  in- 
volve s ingle  and polycrystal l ine specimens of molybdenum, nickel ,  
and rhenium. 
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The ef fec ts  of s t r a i n  r a t e  and temperature on the  yielding and 
flow of high pur i ty  p o l y c r y s t a l l h e  annealed and cold worked 
specimens have been studied a t  295 K (72 F). Work performed 
eiaewhere on molybdenum of lower pu r i ty  has disclosed t h a t  the  
0.2$ offset  yield s t r e s s  var ies  in such a manner t h a t  there  a r e  
f G u r  d i s t i nc t  regions i n  the  curve of yield s t r e s s  versus log 
s t r a i n  ra te  a t  room temperature. Results obtained i n  t h i s  program 
w i t h  molybdenum of nigher puri ty ,  on the  other hand, show only two 
&is t inc t  regions over the same range of s t r a i n  r a t e s  (1.67 x 10-6 
t o  8.33 x 10-3 sec-1). 
the slope of the cxrve. 

S t ra in  r a t e  s ens i t i v i ty  experiments are  a l s o  being conducted; i n  
t n i s  t s e  of t e s t ,  the  s t r a i n  r s t e  i s  cycled between two values, 
usua l ly  mrying by an order of magnitude,, while the t e s t  i s  i n  
progress. 
(Fe and Ta, f o r  example) t e s t ed  a t  295 K (22 C, 71.6 F) ,  t he  in- 
crease i n  flow s t r e s s  f o r  a given instantaneous s t r a i n  rate increase 
i s  independent of the s t r e s s  l eve l ,  molybdenum shows a marked s t ress -  
dependence. This dependence on stress l e v e l  becomes more pronounced 
as the s t r a i n  r a t e  is decreased. 

The e f f ec t  of p r i o r  cold work is  t o  decrease 

Whereas in  the  case of other body-centered cubic metals 

These experiments a re  being extended t o  lower temperatures ( i . e . ,  
195 K, 77 E;, and 4.2 K) (-108.4 F, -320.8 F, -451 F); 500 specimens 
are i n  preparation of f -s i te ,  and these specirnens w i l l  be used f o r  
s imi la r  s tudies  a f t e r  i r rad ia t ion .  In addition, t he  work will a lso  
be extended t o  cover s ingle  c rys t a l  specimens. These specimens are  
a l s o  i n  preparation; a t o t a l  of 75 cy r s t a l s  of suitable length have 
been grown and are  now being machined by an e l ec t ro ly t i c  technique 
reported previously. 

X-ray l i n e  broadening s tudies  a re  being car r ied  out on i r rad ia ted  
and unirradiated molybdenum. It is intended t h a t  t h i s  work be per- 
formed w i t h  t he  sample a t  an elevated temperature, but measurements 
t o  date have been made a t  room temperature. 
d i f f r ac t ion  peaks w i l l  be analyzed by the  Fourier rnethod t o  determine 
the magnitude of short  range strains associated with the  formation of 
defect c lus te rs .  
denum f o i l  annealed a t  1900 C (3452 F), a similar f o i l  in the as- 
received condition, and a molybdenum f o i l  containing 10-30 pa r t s  per  
mill ion carbon, a l l  i r rad ia ted  t o  1 .5  x 1019 nvt (E > 1 Mev). 
of the  data  is i n  progress. 

The p ro f i l e s  of the  

Data have been col lected f o r  8 high pu r i ty  molyb- 

Analysks 

Gross s t ruc tu ra l  i r r e g u l a r i t i e s  i n  the single c rys t a l s  may be d i r e c t l y  
observed by means of x-ray d i f f r ac t ion  micrography. 
l a r i t i e s  are recorded on f i lm  a s  var ia t ions  i n  in t ens i ty  of t h e  

These irregu- 
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di f f rac t ion  image from regions on the  c rys t a l  surface.  
six specimens has been prepared from one s ingle  c rys t a l  molybdenum 
rod grown in t h i s  laboratory.  !I!hree were prepared with (100) faces 
and three with (110) faces .  Diffract ion micrographs were made a f t e r  
grinding, metallographic polishing, and electropol ishing of the  faces .  
The c rys ta l s  were then subjected t o  a second electropol ish and again 
examined. 
e f fec ts  resul t ing f romthe  grinding operation. 
grains  can be observed, but the  micrographs made from (110) faces show 
what appears t o  be a randomly curved o r  rumpled tex ture .  The pa t te rn  
resembles the "deformation bands" observed op t i ca l ly  in some deformed 
metals. 
pa ra l l e l  s t r a igh t  l i n e s  making an angle of 10 t o  15 degrees with the 
rod axis .  These features  a re  found f o r  each of the  six samples, the  
pat terns  d i f fe r ing  only i n  minor d e t a i l s .  
i s  there any evidence cf subgrains. 
f r ee  of substructure than the  c rys t a l s  obtained from connnercial 
sources. 
if the substructure can be fu r the r  improved by such treatment. 

A s e r i e s  of 

The resul t ing micrographs a re  apparently f r e e  of surface 
No individual sub- 

Micrographs made from (100) faces show a pa t te rn  of f a i n t  

In  none of t he  c rys ta l s  
The c rys t a l s  a r e  markedly more 

The present sample c rys t a l s  w i l l  be annealed t o  determine 

Nickel, a face-centered cubic metal, and rhenium, a close-packed 
hexagonal metal, a re  being investigated in a manner analogous t o  
the  molybdenum studies .  
confined t o  sample preparation and development of associated experi- 
mental procedures 

Work t o  date on these two metals has been 

Forty high pur i ty  (99.9954) nickel  s ing le  c rys t a l s ,  of length suit- 
ab le  f o r  t e n s i l e  specimens, have been prepared and are  being electro-  
l y t i c a l l y  machined. 
specimens machined from each of th ree  l o t s  of n icke l  f o i l  with 
p u r i t i e s  of 99.997, 99.97, and 99.6$. These f o i l  specimens a re  50 
microns th i ck  and w i l l  be used f o r  t e n s i l e  t e s t i n g  a f t e r  quenching 
or i r r ad ia t ion .  
t e n s i l e  t e s t s  which ensures alignment of the specimen and minimizes 
ac tua l  handling of the specimen. 

Also on hand a re  30 polycrystal l ine nickel  

A spec ia l  f i x t u r e  has been fabr ica ted  f o r  f o i l  

Twelve rhenium single  c rys t a l s  and 15  polycrys ta l l ine  Re f o i l  
specimens, 99.9929 pure, a r e  a l so  on hand. 
able e l ec t ro ly t e  f o r  e lectrolyLic machining of t he  c rys t a l s  i s  in  
progress.  

E lec t ro ly t ic  thinning techniques have been developed f o r  99.997> 
99.97, and 9 9 . e  f o i l s ,  azd f o r  99.992$ rheEium f o i l s .  An elec-  
t r o l y t e  consisting of 23 ?arts perchlor ic  acid and 77 p a r t s  ace t i c  
acid was u t i l i z e d  f o r  both nickel  and rhenium. 
of 30 vol t s  was used f o r  the riickel f o i l s ,  while 24 vo l t s  proved 

Development of a suit- 

An applied poten t ia l  
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adequate for  thi,ming rhecium. 
e l ec t ro ly t i c  j e t  t o  remove the thinned sample from the  f o i l  i n  
t he  case of rhenium. 
of i n t e re s t  w i t h  an insulat ing lacquer and applying a po ten t i a l  
of 100 vol ts  DC between the  je t  stream and the  s a q l e .  

It w a s  found necessary t o  use an 

This was accoq l i shed  by pasting the  area 

Exmination by transmission electroxi microscopy of nickel  f o i l s  
amealed fo r  one hour a t  TOO C (1292 F )  revealed the presence of 
many dis loczt ions and stacking faults. 
were noted ia the 99.6$ nickel  f o i l s .  Rheni-m foils annealed 16 
hours a t  1300 C (2372 F )  were observed t o  be incompletely re- 
crystal l ized.  
f o r  10G hours, are  current ly  under invest igat ion.  

Second phase prec ip i ta tes  

Additional f o i l s ,  annealed az t he  same temperature 

2. Plutonium Physical Metallurgy 

The objective of t h i s  program i s  t o  determine some of the basic  
physical  metallurgical p rcper t ies  of high pu r i ty  plutonium and t o  
es tab l i sh  the e f f ec t  of ce r t a in  spec i f ic  alloying additions on 
these  propert ies .  
transfcrmztions and zecnanisms of deformation arid recovery. 

Two areas a re  under study - mechanisms of phase 

The influence of concurrent phase transformation on the  deformation 
of p l u t o n i m  i s  being studied under compressive stresses from 0 t o  
3000 ps i .  The t o t a l  strain during transformation consis ts  of creep 
strain, transformation strain, and transformation volume change. 
The u n i t  length change of the l a t t e r  i s  0.030. 

The t r ans fo rmt ion  s t r a i n  i s  s ign i f i can t  a t  nominal s t r e s ses  and i s  
a t  l e a s t  an order of magnitude grea te r  during the  alpha t o  beta 
transformation than during t h e  be ta  t o  alpha traasformation. 
transformetion s t r a i n  during the alpha t o  beta  transformation is a 
nonlinear increasing function of applied stress and a nonlinear de- 
creasing function of t he  transformation rate. 
invest igat ion showed the  transformation strain t o  be 0.003, 0.026, 
0.031, and 0.040 a t  150, 650, 1150, and 2150 p s i ,  respectively,  a t  
a transformation rate of 0.3 k 0.2% per  minute. Under an epplied 
stress of 650 p s i  the  transformation s t ra in  w a s  0.026, 0.021, and 
0.008 a t  transformation rates of 0.3 i 0.2, 7 k 3 ,  and 35 f 15% per 
minute, respectively.  The transformation r a t e s  a re  average r a t e s  
which were computed over a time period corresponding t o  8 6  trans- 
formation. 

The creep strain of t he  alpha phase w a s  found t o  be less than 10-7 
per minute a t  120 c (248 F) under a stress of 3100 p s i .  
s t r a i n  is  ins igni f icant  relative t o  t h e  transformation strain. 

The 

The preliminary 

This creep 
The 
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respective steady s t a t e  creep r a t e s  of the  beta phase a t  150 C 

s t a t e  creep r a t e  a t  130 C (266.0 F) under 2300 p s i  w a s  6 x 10-6 
per minute; a t  120 C under 3100 p s i  it was 9 x per  minute. 

ress ive s t r e s ses  of 2150, 1150, and 650 p s i  were :E?, 7 x 10-7, and l e s s  than 10-7 per minute. The steady 

A major e f f o r t  during the pas t  month has been devoted t o  the analysis 
of the textured s t ruc ture  induced in alpha plutonium by ro l l ing .  
appears t h a t  the  (201) plane tends t o  l i e  in the  plane of t he  s t r i p  
a f t e r  about 9 6  reduction a t  70 C (158 F). This observation is  
strengthened by the  f a c t  t h a t  the  (020) r e f l ec t ion  predominates the  
d i f f rac t ioa  pat tern of the surface perpendicular t o  the  ro l l i ng  
direct ion.  The standard (019) projection of alpha plutonium 
indicates t h a t  these two planes a re  mutually perpendicular i n  t h e  
c rys t a l  l a t t i c e .  The complexity of the  d i f f r ac t ion  pa t te rn  compli- 
cates  the  posi t ion iden t i f i ca t ion  of these l i n e s  i n  v i e w  of the  
f a c t  t h a t  each i s  paired with r e l a t i v e l y  strong l i n e s  from other 
planes s o  t h a t  the 20 values of each p a i r  d i f f e r  by values of t he  
order of 10 minutes. Annealing s tudies  have been undertaken in an 
attempt t o  insure tha t  the residual  s t r e s ses  which might prevent 
the resolution of these p a i r s  a re  relieved (as-cast  s t ruc tures  can 
de f in i t e ly  be s t r e s s  re l ieved) .  
(212 F )  have npt a l t e r ed  the charac te r i s t ics  of t he  pa t t e rn  s ign i f i -  

It 

To date,  200-hour anneals a t  100 C 

cantly.  

I n  view of the lack  of hardening in the  as-rolled mater ia l  together 
with the absence of s ign i f icant  l i n e  broadening, there  i s  reason t o  
suspect t h a t  r ec rys t a l l i za t ion  has occurred and t h a t  the  d i f f r ac t ion  
pa t te rns  observed thus far a re  those representat ive of a recrys ta l -  
l i z e d  s t ruc ture .  Consequently, the  pa t te rns  a re  not necessar i ly  
indicat ive of t h a t  resu l t ing  d i r e c t l y  from the  rolling operation. 
For t h i s  reason it i s  not p ro f i t ab le  a t  t h i s  time t o  speculate on 
possibbe s l i p  planes and direct ions which may have been ac t ive  i n  
the  deformation process. 

An invest igat ion of the  influence of both t e n s i l e  and compressive 
s t r e s s  on the  beta t o  alpha transformation of alpha plutonium has 
been undertaken. An i n i t i a l  experiment in which a inch diameter 
plutonium rod has been transformed under the  influence of an ap@ied 
bending moment i s  cur ren t ly  being evaluated. The metallographic 
invest igat ion of the  lopgitudixial s t ruc ture  should reveal some evi- 
dence of the  e f f ec t s  of both types of s t r e s s  on the  transformation 
process and re la ted  grain growth process. 

The recent ly  developed appl icat ion of e lectron microscopy t o  f rac to-  
graphic s tudies  of plutonium is being u t i l i z e d  in t h e  study of the  
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beta to alpha transformation mechanisms. 
the incubation time of this transformation is 3 function of the 
tlme and temperature of prior beta heat-treatment. Samples are 
beiag treated at 120 C (248 F) and 180 C (356 F) for 200 hours. 
Upon completion of this treatment samples from each temperature 
will be iqact-fractured at 100 C (212 F). 
examination of replicas taken from the fractured surfaces will be 
utilized to determine if beta microstructure can be correlated with 
the iacubation the of transformation. 

It has been shown that 

Electron microscopic 

The electron microscopy of plutonium necessitates the decontamination 
of replicas. 
cleaning of both the cellulose acetate and the palladium shadowed 
carbon repliczs in hydrochloric acid. 
the carbon replica is not attacked and the cellulose acetate is only 
slightly affected by the acid decontamination. 
sible acid concentration that can be employed is being determined. 

The t w o  stage plastic-carbon replica process requires 

It has been established that 

The maxinun permis- 

E. CUSTOMER WORX 

1. Rad1ome.callurgy Laboratory 

Examinations and Measurements. Routine examinations and measurements 
are o r  will be reported as part of the sponsoring research and de- 
velopment programs; however, items of unusual lnterest or representing 
new or different laboratory techniques will be briefly described. 

Examination of an irradiated fluted N-Reactor inner element revealed 
that severe grain boundary tearing and porosity occurred in the 
uranium fuel. 
compered to 17.0 gm/cc for similar nonirradiated uranium. 

Bulk densities of this fuel material were 15.8 gm/cc 

Higher crushing loads and increased brittleness were observed by 
crush tests of buggy spring supports on NIE type fuel elements after 
irradiation. 

An irradiated PuC specimen was found to be badly fragmented when its 
container was opened. 
but their small size prohibited etching. 
phase was seen in the polished specimen. 

Several fragments were mounted and polished, 
An unidentified second 

Examination of a tungsten clad rod containing Uo;! single crystal 
pellets and two tungsten clad, U@-tungsten cermet rods was completed. 

UNCLASSIFIED 
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2. 

Metallography of two thorium specimens was completed a f t e r  vacuum 
annealing a t  950 C f o r  100 hours. Gas voids were observed a t  the 
grain boundaries of one specimen. 

Vacuum-pulse anneals were completed on a s e r i e s  of clad and unclad 
uranium samples. 
the  customer for  study. 

Approximately 425 t e s t  specimens ( t e n s i l e ,  notch t e n s i l e  and bend) 
were received, sorted and ident i f ied  f o r  t he  i r r a d i a t i o n  damage t o  
metals program. 

Temperature char ts  and data  were submitted t o  

Metallographic s tudies  of an Inconel thermocouple sheath revealed 
carbide formation a t  the ex ter ior  surface a s  a r e s u l t  of sheath- 
graphite contact and high temperature operation during i r radiat lor i .  

Four samples (two fused and two unfused) were sectioned from a Li-A1 
capsule. The three  flux wires were recovered and shipped f o r  counting. 

Remote Induction Furnace. A s t a i n l e s s  s t e e l  mercury d i f fus ion  p'um, 
was added t o  the  induction furnace vacuum system t o  a c t  a s  a valve 
and maintain the  pressure over the  sample a t  about 10-3 Torr during 
melting. 

Fission Gas Collection. Fission product gas was successful ly  col- 
l ec ted  from a t inch diameter molybdenum clad tungsten-U02 cermet 
capsule suspended Inside a l a rge r  capsule. A vacuum s e a l  was made 
011 the  outer container and holes were then d r i l l e d  through the outer 
wall and the  inner capsule w a l l .  

EIigh Temperature Extensometer. A promising commercial devlce, an 
electromechanical transducer o r  distance detector  is being evaluated 
f o r  t e n s i l e  specimen elongation measurelnents a t  high temperatures. 

Metallography Laboratories 

During the  report  month 251 samples were processed, a to t81  of 765 
micrographs and micrographs taken, 2552 negatives pr in ted ,  and 8801 
p r i n t s  processed. 

Routine Metallography Laboratories a c t i v i t i e s  w i l l  be reported a s  
p a r t  of t he  sponsoring research and development component's work; 
however, items of unusual i n t e r e s t  or  representing departures from 
routine operations w i l l  be reported here. 
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Stereo electron micrograph p a i r s  were made f o r  a s e r i e s  of notched 
Zircaloy-2 specimens fractured a t  temperatures between +22 C and 
-182 c. The spec i f ic  areas studied were pre-selected by opt ica l  
examhation. 
t i o n  show r e l i e f  t h a t  may prove extremely valuzble f o r  in te rpre t ing  
the  mode of f rac ture .  

Tke s te reo  e lec t ron  micrographs a t  5000X magnifica- 

Support was given this m n t h  t o  work in behalf of the  Boeing Company 
on experimental spot welding of heavy sect ions of titanium al loy.  
The a l loy  responded very w e l l  t o  t he  same chemical po l i sh  used f o r  
zirconium and zirconium a l loys .  This e tch  consis ts  of 45 volumes 
of comeatrated HNO3:, 10 volumes of concentrated HF, and 45 volmes 
af -4ster. Weld specimens approached 
The veld nuggets were ground through 3 4 0 emery then chemically 
polisked by ro ta t ing  the  sample in a c i r cu la r  motion on an 8-inch 
diameter s t a in l e s s  s t e e l  p l a t e  covered w i t h  cotton c lo th  and wet 
w i t h  the  acid mixture. Etching t i m e  was from 60 t o  90 seconds on 
most pieces. 
This procedure allowed t h e  e n t i r e  surface of even the l a rges t  
sect icns  t o  be chemically polished t o  an evenly finished, s ta in- f ree  
surface . 

x 3 inches in cross section, 

The sample was then rinsed with warm water and dried.  

3. I?-Reactor Design Testing 

I?-Reactor Magazine Loader and Tongs. 
magazine loader have been completed, so t h a t  a l l  control  and drive 
mechanisms a r e  now e l e c t r i c a l l y  powered. Three charges of 24-inch, 
l g - h c h ,  and 12-inch long f u e l  elements were successful ly  loaded in 
magazines without damage t o  the fue l .  

Modifications t o  the  N-Reactor 

The tongs used t o  move f u e l  elements from pallet t o  magazine loader 
performed s a t i s f a c t o r i l y  following counterbalancing and i n s t a l l a t i o n  
of new gripper pads. 
elements on the  loader is s t i l l  under invest igat ion.  

The problem of proper posi t ioning of f u e l  

I?-Reactor Charging Tests.  I?-Reactor f u e l  charging t e s t s  were con- 
t.inued t o  define the conditions which result i n  excessive self- 
support deformation. For instance,  it has not been possible  t o  
consis tent ly  charge f u e l  elements against  a back pressure of 1500 
pounds force without excessive self-support  deformation. 
of back pressure does not  represent a normal charge cnndition and is 
probably not s ign i f i can t  f o r  the i n i t i a l  N-Reactor f u e l  loading, 
since prototypical  charges have been made (using an eccentr ic  tapered 
adapter wi th  no back pressure)  without damage. 
cessive deformation was noted using a concentric tapered adapter a t  
the discharge end of t he  magazine. 

This amount 

In 10 o ther  m s  ex- 
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4. High Temperature Lat t ice  Test Reactor Mockup 

Detai l  design of t he  graphite core blocks and keys f o r  t he  High 
Temperature Lat t ice  T e s t  Reactor mockup i s  98$ complete. 
t a i l e d  layout of t he  insu la t ing  materials i s  approximately 4@ 
complete. 
t h e  "jack arch" t o  v e r t i c a l  support rods; therefore ,  permitt ing 
t e s t i n g  of a shortened sa fe ty  rod in a v e r t i c a l  posi t ion.  

The sirigle pass gas coolant concept has been changed t o  a recircu- 
l a t i n g  closed system as a result of calculat ions which indicate  
nitroger, costs  i3 excess of $6,000 f o r  each two-day cool-down cycle. 

De- 

Supporz of the  ce i l i ng  br ick  has been changed from 

Init ial  sco;.e z?d layout drawings have been completed f o r  both the  
safe ty  arid contrcl  rode. 
gadolkium has been seiec+,ed f o r  t he  poison port ion of t he  rods. 
Safety rod drop and braking mechanism has been de ta i led  and fabr i -  
cation of the  hardware is 5 6  complete.. 
t h i s  mechanism ha;re been ordered and 8 6  of these items have been 
received. 
the  rod release mechanism f o r  i n i t i a t i n g  scram of the  control  rods. 

Tentatively,, Hastelloy X alloyed with 

Gears and bearings f o r  

I n i t i a l  zest.ing has bee2 completed s a t i s f a c t o r i l y  on 

5 .  EBUR Fuel Elements 

I r r ad ia t ion  Testiag Program f o r  EBWR Prototypic Fuel Rods. Four, 
i r rad ia ted ,  Ei3WR diameter fuel rods containing Uu*@-2.5 w/o Puo;! 
were examined, two destruct ively.  
1020 f i s s i o n s j c d ,  o r  1300 MWD/T of fue l ;  however, the  flux- 
monitoring wires have not y e t  been measured. Two of t h e  Vipac 
capsules (Gm-14-421 and 422) contain impacted $@ and Puo;!. 
Longitudinal autoradiographs of the  unopened capsules indicate  
more uniform rad ioac t iv i ty  i n  the  impacted fue l .  Two capsules 
(421 and 424; were returned t o  the  M17R f o r  i r r a d i a t i o n  t o  1.43 x 
1020 fissions/cm3 (5000 MWD/T of f u e l ) .  The capsules are tenta- 
t i v e l y  scheduied f o r  i n se r t ion  i n  the  ETR f o r  Cycle 59. The re- 
maining two c a p s d e s  were sectioned. L i t t l e  o r  no s in t e r ing  was 
noted, which ind ica tes  t h a t  t he  specimens operated below design 
conditions (Zircaloy surface heat flux of 158 w/cxn2 o r  500,000 Btu/ 
hr- f t2) .  Autoradiographs of t he  t ransverse sec t ions  showed uniform 

EstiIDated exposure is 0.37 x 

plutonium d i s t r ibu t ion  i n  the  impacted f u e l  and less uniformity in 
t h e  physical ly  n;ixed fue l .  An autoradiograph of a longi tudinal  ~- 
sect ion of t h e  l a t t e r  capsule revealed a concentration of radio- 
a c t i v i t y  a t  one end of t h e  capsule. The in tense-ac t iv i ty  region 

m e  UD noza?ion s i g c i f i e s  deplet.ed uranium. 

l 2 3 3 0 8 b  
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would be caused by a plutmium-rich area o r  by a s teep neutron 
flux gradient during i r r ad ia t ion .  

EBWR Plutcrium Fuel Remerit Fabricaticjn. Preliminary vibratory 
cgmpaztion s tudies ,  usinq the  F%utoliium Fabricatlor. P i l o t  Elant 
Fac i l i ty ,  showed t h a t  EBWR-size f u e l  rods could be compacted t o  
U@ dens i t ies  exceeding 88$ of theo re t i ce l .  These results, ob- 
ta ined while the above f a c i l i t y  was s t i l l  under construction, 
compare favorably w i t h  those obtained using a prototype vibratory 
compaction f a c i l i t y ,  where similar f u e l  rods were multiple loaded 
and compacted t o  dens i t ies  of 88-9@ of theo re t i ca l .  

Ciaddkg Alloy Procurement. - 
cladding tubes was received a t  W C  and i s  being t e s t e d  by u l t r a -  
scn ic  techniques. 
The f i n a l  shipment i s  expected t o  be made by 9/30/63. 

Other Off-Site Customer Work 

Tungsten Clad Honeycomb Fuel f o r  SNPO. The month was highlighted 
by t h e  successful extrusion of a tungsten-molybdenum b i l l e t  on a 
low speed, 7OO-+*on press .  A composite b i l l e t  of Mo and W was ex- 
truded a t  a g:1 r a t i o  on the  306 Building TOO-ton press .  
b i l l e t  consisted of a 2-1.8 inch diameter, 1/8 inch w a l l  Mo can 
with 1/8 Inch th i ck  end caps, two nested l/8 inch w a l l  W sleeves,  
and a s o l i d  Mo core all enclosed i n  vacuum by e lec t ron  besm welding. 
The over-al l  b i l l e t  length was four  inches. The uncoated H21 hot 
work s t e e l  die  had a goo included angle entrance cone with a 0.750- 
inch th roa t  diameter. 
w a l l  and goo cone nose w a s  used as combinatiol; lubr icant  and insu- 
l a t i o n .  I n  preparatLon f o r  the  extrusion the die and graphi te  can 
were placed i n  the  2.250 d i a m t e r  c o n t a h e r ,  vhich was held a t  500 C, 
arid allowed t o  come up t o  coctainer temperature. The dummy block 
was fastened t o  the  stem and allowed t o  preheat in t h e  colltainer. 
The b i l l e t  w a s  preheated in argon by induction (3000 cycle)  t o  2200 C 
as measued w i t h  a tungsten-rhenium thermocouple, end t ransfer red  
mariually t o  the  c o n t a h e r .  
on tap of the  b i l l e t  an& the  extrusion made a t  a 60 inclz/min r a m  
speed (maxirmun f o r  t h i s  p re s s ) .  
dropped t o  140 tons minimum. 
about s ix  inches of extrusion and the remainder of t he  extrusion 
has an extremely rough surface.  
(15-20 sec)  between removal of the bi l le t  f r o m t h e  furnace and 

A second group of EBWR f u e l  element 

Altogetner, 1187 tube6 have been received. 

The 

A pyroly t ic  graphi te  can with a 1/32-Fnch 

A graphite cut-off w a s  manually placed 

Maximum force w a s  170 tons  and 
The d i e  w a s  severely washed after 

Eve= though there w a s  a long d e l a p  

Whe b i l l e t  bonded t o  the  furnace pedestal  and had t o  be broken 
loose before charging. 
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application' of load, the evidence ind ica tes  the  preheat temperature 
of 2200 C was too  high. 
preheat temperatures and with zirconia  coated d ies .  

Extrusion B i l l e t  Heater. (NASA) The 200 KW induction b i l l e t  furnace 
has been t e s t ed  fo r  heating re f rac tory  metals t o  2200 C .  
alumina outer l h e r  of t he  furnace cracked fromthermal  shock a t  
1500-18C~c. 
and swelled out a t  2200 C .  
material  was being used a s  the  inner l i n e r )  and appeared t o  withstand 
the  temperature without cracking. The zirconia  is very porous making 
it d i f f i c u l t  t o  hold a pos i t ive  i n e r t  gas pressure within the  furnace. 
However, as the l l n e r  heats ,  t he  gas l eak  through the  l i n e r  decreases 
making it possible t o  hold a pos i t ive  pressure a t  the  elevate6 
temperztures. 

Subsequent tr ials w i l l  be made a t  lower 

The 

Vycor g lass  was t r i e d  f o r  t h e  outer  s h e l l ,  but softened 
A zirconia  l i n e r  was then t r i e d  ( t h i s  

Resistance Welding of Heavy Titanium Alloy Pla tes .  The f e a s i b i l i t y  
of res is tance welding heavy t i tanium p l a t e s  has been demonstrated 
f o r  the  Boeing Aircraf t  Company. During t he  program car r ied  out t o  
da t e ,  res is tance welds were made which joined 4" p l a t e  t o  3" p la t e ;  
4" p la t e  stacked three high; 3/4" p l a t e  t o  3/4" p la te ;  3/4" p l a t e  
stacked three  high; and lit' p la t e  t o  l*" p l a t e .  
binat ions could be joined by the  600 KVA res i s tance  welder while 
s i n g  power outputs well within the  capacity of t h e  welder. 
cases  void formation occurred i n  t h e  weld nugget under the  arbi-  
t r a r i l y  selected conditions of i n i t i a l  tests.  In  each case the 
f l e x i b i l i t y  and control  of t he  welder permitted var ia t ion  of pre- 
heat ,  weld, post-heat cycles, and var ia t ions  of applied force suf- 
f i c i e n t  t o  overcome t h i s  problem. Study included formation of the  
basic  weld and the  study of in t e rac t ion  between adjacent p l a t e  edge. 
Considerable d i f f i c u l t y  was encountered w i t h  t he  li" p l a t e  because 
of lack  of f l e tnes s  of the  p l a t e  supplied and the  poor surface 
q u a l i t y  of the  metal. These p l a t e s  were successful ly  joined a f t e r  
being reconditioned here. Further work i n  t h i s  area w i l i  depend upon 
determinetion of the  customer's requirements. 

A l l  of these com- 

I n  many 

For Manager V 
Reector & Fuels Laboratory 

FV Woodf i e l d  : kb 
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A metis-zaenz of the bin,kling cf a supercell  l a t t i c e  L s m q  t h e  n a t u r d  
and enrizhed (0.9&7& U-235) C-pile overbcre -fuel has been cmple3ed. 
buckiing 'was determined f o r  6 supereell  i n  which one enricheci column i s  
surrounded by eight, natural f n d  c c l m s .  Frm These da ta  the buckling 
may be interpolated f o r  any smsller number of enriched columns. 
measurement cmplet.es zhe work on the  overbore fue l  program. 

The 

This 

K k t t ' l c e  Eqe r inen t s  Using Zirconiwn Tubes 

Absol-cze & values have been determme6 f o r  - M S  f u e l  pieces  i n  2 - 2  
process tubing i n  the  K-lat t ice .  
cases. 
obt.ained during the  experimentsl phase 

Cmpxter program IDtW h s  been used t o  c d c d a t e  t h e m  flux t raverses  
which agree to within abou: 2$ of the unpoisoned experimental t raverses  
measwed. 
e ra ture  as described by D. E. Wccd. C m p t e r  program - has also been 
Lsed f o r  t h i s  p r p o s e ,  and the P-3 sect ion +,hemal t r ave r ses  agree t o  w i t h i n  
about 1% cf the  unpoisoned exper imnta l  work, 
adjustei neutron t e q e r a t u r e  which is j u s t  tibait one-hdf  a s  far above roan 
temperature as the  IDICT progrm. 
methods described i n  Wemn3erg a d  Wiener. 
t o  l i e  i n  input control of :be soace term. 

This work has included both wet and dry 
An informal report  i s  being v r i t t e n  whizn includes all information 

Tnis has beer! made possible by using an adjust>ed neutron temp- 

This prqpam requires  an 

The lover temperature agrees with the 
The advantage of GAMDE appears 

I n s t m e n t a t i o n  

Development and procurement of spec ia l  P Reactor st .ertup a-d physics test 
instrumentation i s  being accelerstte6. C n  t he  btisis of heat, t r a n s f e r  cal- 
cu la t ions  which revealed that C,hin-rjalled, air cooled thimbles would not 
be p rac t i ca l  f o r  the  i m i m s i c n  chambere with vhich neutrcn f l u x  measure- 
ments a re  t c  be made, a more conservEtive cimble val led,  water cooled thimble 
has been designed. Adeqmcy  cf the  iatte:r- design has been andytically 
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confirmed by Laboratory m i n e e r i n g ,  M, and de ta i led  design drawings have 
been prepared. 

High temperature coaxial cable w i l l  be used t o  permit elevated temperature 
measuremnts which a re  l i k e l y  t o  be needed i n  fu ture  t e s t s .  
d i e l e c t r i c  w i l l  be employed t o  reduce microphonic noise. . 

Special t e f lon  

Tests a t  Locps 1 and 2 a t  I(E Reactor continued on one gamma energy spec- 
trane5er and detector  of the  N Reactor f u e l  rupture monitoring system. 
Specific sample l i n e  changes were made during the  las t  outage t o  permit 
adjusment of the sample delay t h e  over the  range of 40 t o  80 seconds. 
addicicn, t i e  instrumentation was moved t o  a new loca t ion  and was r eca l i -  
brated.  Data w i l l  be obtained following cmple t ion  of .the outage. 

In 

Rocurenent and i n s t a l l a t i o n  of the new reac tor  f b e l s  t e s t i n g  lool; being 
in s t a l l ed  EZ PRTR was accelerated.  Noise f i l t e r s  were in s t a l l ed  i n  the 
six rack c6binets which have been moved t o  the  i n s t a l l a t i o n  s i t e .  h e m a t i c  
l i n &  and e l e c t r i c  power were run t o  the  site, and l i n e  voltage cont rc l le rs  
were ins ta l led .  The water sample l i n e s  frcm the  loop were extended t o  the 
sample c e l l  roan, with flow t ransmi t te rs  i n s t a l l e d  and connections made t o  
the  sampling glove box. 
i n s t a l l ed .  Bids f o r  the spec t rme te r  e lec t ronic  systems were reviewed and 
the  equipment placed on order. 
been prepared and a purchase order i n i t i a t e d .  
i s  expected. 
t he  process tube be l e f t  empty r a the r  than being charged with a dumq f u e l  
element. 
a manuTacturer's representative,  in which the need f o r  more instrument 
s e n s i t i v i t y  was pointed out. 

'Ihe d e s i r a b i l i t y  of increased rad io logica l  shielding e f f o r t s  a t  Ha.nfor& are 
reviewed i n  a memorandum report  j u s t  published. mphas is  is given the  
advantages of coupling c-uter solut ions with experimental s tud ies  t o  
determine optimum shielding configurations f o r  pa r t i cu la r  appl icat ions.  

Flow control valves were received and are  king 

Neutron counting system specif icat ions have 

Recommendations have been made t h a t  during b a c k g r m d  t e s t ing  

Logarithmic response count-rate-meter changes were discussed with 

Stock del ivery of bath systems 

System Studies 

Addit ioml m s  were made on the N Reactor pressurizer  simulation t o  obtain 
new da ta  on the l i qu id  l eve l  and pressure control  systems. 
the  implications of s tudies  made e a r l i e r  which indicated that addition of 
t h e  der iva t ive  ( r a t e )  m o d e  t o  the  pressurizer  l e v e l  control  system would be 
advisable. Severe pressure surges following a normal scram were obtained 
with the  proportional-plus-reset mode of control.  Addition of r a t e  act ion 
reduced the  pressure surges by providing a negative e r r o r  signal t o  the 
reset mode before the  l e v e l  setpoint  i s  at ta ined,  thus  reducing t h e  coolant 

The data confirm 
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in jec t ion  r a t e .  A su f f i c i en t  number of runs 
e f f e c t s  of control ler  time constant and gain 

were made t o  determine the 
se t t i ngs  snd t h e i r  r e l a t i v e  

sens i t i v i ty .  
pressurizer  spray system and associated relief values. 
pressurizer  runs presently scheduled. 

A second model of the N Reactor primary f lar  control  system was developed. 
Di f f icu l ty  was experienced i n  ge t t i ng  accurate r e s u l t s  fram t h e  first. model. 
Debugging of the hydraulic sect ion of the  second model is  complete. It is 
being cmbined w i t h  a one-delayed group reac tor  k ine t i c s  model t o  permit 
s tudies  of the e f f ec t s  of primary loop flow control  system manipulations 
on resc tor  parer level ,  coolant f l a w  r a t e  and temperature. 

Additional data  were obtained on the  performance of the 
This ccmpletes the  

Three mathematical models for  the  N Reactor steam generator were invest i -  
gated and one was selected f o r  simulation on the  analog. 
problem preparations, with the exception of patching, have been cmpleted.  
I n  addition, two of the models have been programmed f o r  t h e  MD)AS system. 
Both programs are  being debugged. 

A l l  t h e  necessary 

delayed neutron groups f o r  t h e  fast f i s s i o n  of 
, and Pu239 and the  thermal f i s s i o n  of $35, $33, 

and h239 have been completed using a new 7030 code. 
t o  ca lcu la te  1, 2, and 3 group reduced delayed neutron cons_tants according 
t o  a c r i t e r i o n  which makes the  asymptotic behavior of the  reduced group 
t r a n s f e r  function agree with the  na tura l  group t r a n s f e r  funct ion a t  lm and 
high frequency. Calculations of t h e  magnitude and phase s h i f t  of the  trans-. 
f e r  f b c t i o n s  for all of the above isotopes f o r  1, 2, and 3 delayed neutron 
group models have been canpleted. 

This code w a s  used 

SEPARATIONS 

C r i t i c a l  mass experiments were continued with PuQ-polystyrene canpacts 
and t h e  Remote Split-Table Machine. C r i t i c a l  core configurations studied 
consisted of bare and re f lec ted  rectangular prisms with c r i t i c a l i t y  being 
achieved i n  three  d i f f e ren t  arrays described below. The concentration of 
Pu i n  the  polystyrene canpacts was 1.14 g/cc with an H/pU atomic r a t i o  of 
15. 
a r e  given in terms of the  t o t a l  At present including the  Pu240. 

The Pu contained 2.2 percent Pu240 by weight; t h e  c r i t i c a l  mass values 

1. The f i r s t  of these assemblies consisted 
tangular prism of near cubic geometry. 
were 12-in. x 12-in. x w  12.66-in., and 
w a s  34.06 bg. 

2 .  The second assembly was f u l l y  r e f l ec t ed  

of a non-reflected rec- 
The c r i t i c a l  dimensions 
t h e  c r i t i c a l  mass of Pu 

with Lucite. C r i t i c a l  core 
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dimensions were 9-in.  x 9-in. x -8.38-in. 
of FU was 12.6 kg. 

C r i t i c a l i t y  w a s  a l s o  achieved with a rectangular parallelopiped 
of cross sect ional  dimensions 6-in. x 7-in. The c r i t i c a l  length 
of the  parallelopiped, which w a s  re f lec ted  with Lucite on the 
s ides  but not on the ends, was -,26.8-in., and the c r i t i c a l  mass 
was 21.0 kg. 

The c r i t i c a l  quantity 

3.  

Pulsed neutron source experiments were performed concurrently with the 
c r i t i c a l  experiments, and several  measurements were made of t he  "reactor 
noise" by Dr. Albrecht of the University of Washington. 
source experiments and reactor  noise analyses were expected t o  give inde-. 
pendent but similar answers fo r  the  neutron l i f e t imes  i n  the  assemblies. 
The measured l i fe t ime corresponds t o  the  average time that a neutron l i v e s  
i n  the f i n i t e  system once it has been released i n  f i s s ion .  
agreement has been obtained between the  two methods of measurement. 
of t he  neutron l i fe t ime a re  given below f o r  several  of the measurements 
canpleted t h i s  month i n  which the  da ta  have been analyzed. 

The pulsed neutron 

Eccellent 
Values 

C r i t i c a l  Dimensions Neutron Lifet imew 

Bare 'Rectangular Prism* 1 .38d0-~  sec . 1 . 2 ~ 0 4  sec. 

Lucite Reflected Prism* l3.8~1.0-~ sec . Analysis not canpleted 
9 -in.  x9 - i n  .x8.38- in .  

* 

of Assembly Pulsed Neutron Source Reactor-Noise Analysis 

12- i n  ~ 2 -  in .x12.66- in. 

Ai concentration 1.14 g/cc; II/h atconic r a t i o  15. 

* In the  calculat ion of the  neutron l i fe t ime,  t he  delayed neutron 
*action (B) was assumed t o  be O.OG21 f o r  F'u. 

It is i n t e re s t ing  t o  note the considerable difference i n  the  neutron l i f e -  
time between the bare and re f lec ted  assemblies (a fac to r  of ten) .  
is because the l i f e t ime  in the  re f lec ted  case i s  the  weighted average of 
t he  core l i f e t ime  and the  mean time spent by neutrons i n  t h e  r e f l e c t o r  
region before returning t o  the core. (The l i f e t ime  of a neutron j u s t  i n  
the  r e f l e c t a r  mater ia l  i t s e l f  w o u l d  be-about 200 x 

This 

sec.)  

From Monte Carlo calculat ions the  neutron l i f e t ime  i n  the unreflected 
assembly is, estimated t o  be - 1 x 10-6 sec., which does not d i f f e r  
appreciably f rm the  measured value. 
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Cozper and gold 
'blies ( t h e  near 
!be hndiysis of 
however, i n  the 

f o i l  i r r ad ia t ions  were made i n  each of the  first two assem- 
cubic arrays)  f o r  determining neutron flux d is t r ibu t ions .  
the data f r a  these i r r ad ia t ions  has not been canpleted; 
bare assembly the  measured cadmium r a t i o  with 5 mil t h i ck  

gold f o i l s  and 21 mil th ick  cadmium w a s  2: l.@l indicat ing the  neutron 
spectrurri t o  be predaminantly epithermal. 

The self heating frun the a p a r t i c l e s  emitted in the  radioact ive decay of 
t h e  PL was used t o  determine the  e f f ec t  of temperature changes on the  
c r i t i c a l i t y  of the PuQ-plsstic mixtures. 
t d e n  51 various tempercnires i n  the  bare and r e f l ec t ed  cubes showed the  
tpnipescture coeff ic ient  of r e a c t i v i t y  t o  be a e f i n i t e l y  negative i n  both 
Cases> with the value being l a rge r  i n  the  m r e f l e c t e d  assem3ly. 
neutron s o i c e  technique was a l s o  used t o  measure the  temperstwe ccef f i -  
c i en t  of r eac t iv i ty ,  but the r e s u l t s  a r e  i n  poor agreement with those ob- 
tained from the reactor  period measurements; the reason fo r  che difference 
has not been determined. 

Reactor period measurements 

The pulsed 

Furt.her'measurements of the  control  and safety r d  strengths  i n  these 
systems have yielded values of about 90 cents  fo r  the control  rod worth, 
an& about three do l l a r s  f o r  the  safet.y rod worth. 

The r e s u l t s  fram these c r i t i c a l  experiments provide the  f i r s t  firm c r i t i -  
c a l  data on hanogeneous Ar systems of intermediate neutron energy spectrum 
which consti tut% nei ther  f a s t  or thermal 
applicable t o  wet powders, p rec ip i tg tes ,  
may be encountered i n  the separation and 

Camwtational Methods 

systems. B e  data will be 
s l u r r i e s ,  polymers, e t c  , which 
processing of Pu. 

1. FMC-N Monte Carlo Code f o r  Cmputing C1-iti2alit.y Parameters 

A study is current ly  being made t o  determine the  f e a s i b i l i t y  of using 
an off-plant Monte Carlo program fran G S N M P O ,  Cincinnati, i n  t he  cal-  
culat ion of c r i t i c s l i t y  parameters f o r  complex reac tor  shapes. This 
Monte Carlo codep cal led FMS-EJ, was wr i t ten  p r imwi ly  f m  use in 
shielding calculations,  but can possibly be modified f o r  a p l i c a t i o n  
t o  c r i t i c a l i t y  problems. The code aces not sake molecular bin&- 
i n t o  account i n  the  t h e m  region and it a l s o  neglects  t h e  thermal 
energy of t he  t a rge t  nuclei .  These two e f f e c t s  t3end t o  cancel, but 
the  over-all  consequences of neglecting both of these needs t o  be 
determined. A t e s t  case has been run on t he  ?OgO cmputer .  

1 2 3 3 0 9 3  
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2. GAME% - A Neutron Slowing Down and Thermalization Code f o r  Lat t ices  

A number of minor changes have been made i n  the  GAMTM: code. 
code provides multigroup constants f o r  heterogeneous systems f o r  use 
i n  multigroup diffusion calculat ions and a l s o  cmputes the  individual 
c r i % i c a l i t y  parameters of a l a t t i c e .  A spec ia l  rout ine has now been 
added for  calculat ing the  resonance escape probabi l i ty  by empirical 
methods. When t h i s  special  rout ine i s  used, all of the  high e n e r a  
portion of the code (GAM) i s  not used. 
sa t i s fac tory  f o r  survey work and saves considerable c m p t e r  time. 

This 

The empirical method i s  qui te  

An option has a l s o  been provided i n  GAMTEC so the microscopic cross 
sect ions f o r  the  thermal group can be pr inted out. Therefore, both 
microscopic and macroscopic cross  sect ions a re  avai lable  over the  
e n t i r e  f i s s i o n  energy range. 

The INTERSZT high accuracy cy l indr ica l  i n t e rac t ion  code was d is t r ibu ted  
t o  CPD and HJL customers. A f i n a l  code repor t  is  being processed, 
c a p l e t i n g  the scheduled work on the  in te rac t ion  problen. Theoretical 
work done Over the  past  eighteen months has advanced t h e  mhthematical 
model of in te rac t ion  beyond that i n  canmon use throughout industry. 
The previous method considered only the  cen t r a l  u n i t  i n  an in te rac t ing  
system and calculated the in te rac t ion  by a very simple first apprcxi- 
mation t o  the t o t a l  so l id  angle subtended by all other un i t s .  
present method considers in te rac t ions  between all t he  uni t s ,  t r e a t s  t he  
problem a s  an eigenvalue problem and ca lcu la tes  the  g e m e t r i c  contribu- 
t i o n  t o  the in te rac t ion  matrix by a double cosine in t eg ra l  over so l id  
angle, i t e r a t i n g  on the  system mult ipl icat ion t o  eigenvalue conver- 
gence. The accuracy of t he  present method is  efcimated as f 5$, a 
marked improvement Over the 755 of the  former method. This-is the  
f i rs t  known descr ipt ion of in te rac t ion  between cylinders with d i f -  
f e r en t  heights, d i f f e ren t  nuclear cha rac t e r i s t i c s ,  and external  re f lec-  
tors. 
the  p o s s i b i l i t i e s  f o r  such experiments a r e  being informally explored. 

The 

Since l i t t l e  or no experimental data with these var iables  exists, 

4. 
, 

Several delays i n  ccnrplete debugging of t he  code t o  calcula+,e the 
buckling of a bare truncated sphere were encountered curing the  month. 
The most snugly concealed bug located so far w a s  found i n  the  integra- 
t i o n  of t h e  Lagrange f i t t i n g  terms with the  top  surface boundary condi- 
t ion: cmple t e  loss of s ign i f i can t  f i gu res  resu l ted  from cancel la t ion 
of l a rge  pos i t ive  and negative terms. Resorting t o  double precis ion f o r  
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t h i s  portion of the calculation gave reasonable 

HW-79046 

accuracy, but the  added 
instructions overflowed the ccmrputer memory. 
has been rewritten as the first link of a chain job. 

This section of the code 

Instrumentation 

Reactor noise measurements were made i n  two c r i t i c a l ,  sol id  systems at  the 
Cr i t ica l  Mass Iab. 
the prmpt  neutron l ifetime was found t o  be 8.4 micro-seconds and in an 
all. fuel  block assembly the prmpt  neutron l i fe t ime was found t o  be 1.33 
micro-seconds. The 8.4 microsecond point was corroborated by a pulsed 
neutron measurement. The 1.33 microsecond point could not be measured 
accGrately using pulsed neutrons but substantial  agreement between noise 
and pulsed neutrons a t  two s l igh t ly  subcri t ical  points gives increased 
confidence i n  t h i s  measured value of l ifetime. 

In one system with a l te rna te  moderator and fuel blocks, 

F'urther tape recordings have been made in a campletely ref lected system 
with prmpt  l i fe t ime (as measured by pulsed neutrons) of approximately 
15 microseconds. #This data w i l l  be processed a t  the-University of Washing- 
ton in order t o  determine the value of the l i fe t ime from noise measure- 
ment s. 

Development of the Redox counting roam programmer was ccmpleted. 
t i o n  w i l l  begin upon receipt of the c i r cu i t  boards which were ordered. 
This device i s  designed t o  produce autanatlcally a typed readout and a 
punched paper tape containing about 200 characters of information needed 
t o  instruct  the IBM TWO in the snalysis of pulse-height analyzer data. 

F'abrica- 

An improved rod drop t e s t  was performed at  the Cr i t ica l  Mass Laboratory 
t o  measure the worth of the safety and control rods in the p l a s t i c  block 
system. The t e s t ,  u t i l i z ing  a f i s s ion  chamber, shared considerable improve- 
ment over a previous test  which u t i l i zed  a sc in t i l l a t i on  detector. 

!he magnifying lens  f o r  the TV camera at  the Cr i t i ca l  Mass Laboratory 
was received and tes ted.  The r e su l t s  shared that a one-sixteenth inch 
Separation of the blocks projected as a one-inch separation on the  screen. 
It i s  suggested tha t  an additional camera be purchased f o r  this  close 
viewing and the exis t ing camera be used f o r  over-all viewing. 

Consulting Services on Nuclear Safety - Cr i t i ca l i t y  Hazards 

1. Nuclear Safety in CPD 

Participation on the hazards review caanmittee for the %Plant Waste 
Treatment Fac i l i ty  (CGC-912) was canpleted. Report HW-78577 has been 

? 
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2. 

3 .  

issued by the committee t o  c w e r  th i s  review. 
a& the  CAC-880 proJect were reviewed by the  GE Technological Hazards 
Ccuncil on September g 9  1963. 

Both the  CGC-912 project  

Plans a re  being made t o  mske pulsed neutron s w c e  measuements on 
the Z-9 cr ib ,  located eas t  of the 234-5 Ih i ld ing .  
received CAW and organic waste solut ions f r a n  the  o l i  Recuplex 
f a c i l i t y  before the l a t t e r  f a c i l i t y  was shut dcwn i n  i962. 
of the s o i l  frcxn this c r i b  have indicated the  presence of s ign i f icant  
quanti%ies of Ai. Pdsed neutrcn source measwements w i l l  be made i n  
an e f f o r t  t o  o3tain an e s t a t e  cf the neurron r e p r d u c t i c n  f a c t c r  in  
the  cr ib ,  and if possi31e; t o  determine i f  these concentrations consti-  
%lite a poten t ia l  c r i t i c a l i t y  hazara. 

The 2-9 c r i b  

Samples 

Nuclear Safety Review fo r  GE-APP 

During the period September 16-20, Mre C. L. Brown v i s i t e d  GE-APD 
t o  perform 8 nuclear sa fe ty  review a t  t h e i r  request.  

Nuclecr Safety Training and Education Course 

Two d i f f e ren t  lec ture  s e r i e s  i n  nuclear sa fe ty  are cur ren t ly  being 
given a t  the Cr i t i ca l  Mass Laboratory. The "A" s e r i e s  is  designed 
t o  introciuce technical ly  oriented personnel with she technical  bases 
and computational methods used t o  prevent c r i t i c a l i t y  accidents.  
About  16 lec tures  a re  required f o r  presentat ion of the mater ia l .  

v i so r s  and spec ia l i s t s  who haye need fo r  scme understanding of t he  
bases f o r  nucleaz safe ty  procedures and operating l imit ,ations.  
'%" se r i e s  consis ts  of abmt six l ec tu re s ,  

These courses have been arranged f o r  the Chemical Processing Depart- 
ment, but t o  the  extent that space permits, personnel fram other 
departments a r e  welcme t o  a t tend  the  l ec tu re s .  
presented i n  the  lunchrocm of the  C r i t i c a l  Mass Laboratory, s t a r t i n g  
a t  10:30 A.M. on Mondays and Thursdays; each l ec tu re  lasts about 13 
hours. 
on Thursdays. 
September 9. 
two classes .  b o t h e r  s e r i e s  of technical  l ec tu re s  w i l l  be scheduled 
t o  s t a r t  i n  January, 1964, t o  acccnmnodate those who cannot be included 
i n  the  fall "A" ser ies .  
be given, beginning about October 31; depending on the  indicated demand, 
t h i s  s e r i e s  may be presented again in  1964. 

The 
s e r i e s  ( sho r t  course) i s  oriented more t o  the  non- t ech ica l  super- 

lzle 

All l ec tu re s  a re  

The "A" se r i e s  is preserrted on Mondays, and the  "B" s e r i e s  

A t o t a l  of 40 students a r e  cur ren t ly  enrol led i n  the 
Both of these s e r i e s  were begun during the  week of 

A second presentat ion of the  "B" se r i e s  w i l l  
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Scattering-kkr Measurements f o r  B O  at 95OC 

No signif icant  measurements were made on the  study of t he  slm-neutron 
Scattering Iaw f o r  H20  a t  95% during the  month due t o  reac tor  outages. 
The reduction of raw data from previous measurements was canpleted. New 
indicat.ions of systematic e r r o r s  i n  the  measurereent of t h e  neutron scat- 
t e r i n g  fran vanadium were iden t i f i ed  i n  these r e s u l t s .  
progress t o  attempt t o  define t h e  source and extent  of these e r rors .  

Measurements are in 

 anal;;^:^ of €he Scat ter ing l a w  

A se r i e s  of scattering-law calculat ions using program LEAP have been made 
t o  a t tanpt  t o  fit the  W o r d  and Chalk River measurements on roan-tempera- 
t u r e  l i g h t  water. The r e s u l t s  a r e  not very sa t i s fac tory .  Idhen each of 
the two highest molecular-vibration l e v e l s  (near 0.48 eV) is  given weight 
equd. t o  that of the lowest v ibra t ion  l e v e l - ( a t  0.2 eV), . the calculated 
surves of S vs. a have peaks which a r e  about 204 low and sh i f t ed  t o  high 
values of a. 
t he  weights of the  highest l eve l s  t o  zero, a procedure which has not been 
j u s t i f i e d  on any t heo re t i ca l  or other experimental grounds. 

Reasonably good f i t s  have been obtained only by reducing 

Time-of-Flight Spectroscopy f o r  Slow Neutrons 

Work continued on the  development of equipment f o r  a ro ta t ing-crys ta l  
spectrometer for  the  measurement of slow-neutron i n e l a s t i c  s ca t t e r ing  by 
t ime-of-fl ight.  
neutron beam shut te r  f o r  t h i s  spec t rme te r  w a s  cmple ted .  The s t ep  plug 
has been vacuum tes ted ,  and the  t e s t i n g  of the  beam-shutter mechanism under 
expected temperature conditions i s  i n  progress. 

'he fabr ica t ion  of the s t ep  plug which w i l l  serve as the  

F'ast-Neutron Cross Sections 

Another s e r i e s  of t o t a l  cross-section measurements f o r  neutrons of 3 t o  
1 5  MeV energy by t ime-of-fl ight techniques w a s  canpleted during t h e  month. 
I n  t h i s  se r ies ,  measurements were made on f i v e  elements for .which no data 
previously exis ted i n  t h i s  energy range; scandium? europium,. terbium, 
thulium, and lutetium. Measurements were also repeated f o r  samples of 
Be, Si ,  La, Ho, Er, and radiogenic Pb. 

Samples of separated isotopes of k 8 2  and I@ were received from 
f o r  total cross-section measurements. 
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PLurCrnN RECYCLE PROGRAM 

The results of the f ive  approaches made t o  date are  l i s t e d  i n  the follow- 
ing table. These are  not the f inal  values, but are  preliminary estimates 
of the c r i t i c a l  nunber of rods and the bucklings. 

Lattice Extrapolated 
Spacing t o  Cr i t ica l  Buckling Extrapolat ion 
( i n ]  ( R o d s )  ( M i  c r  obucks ) ( length- cm) 

O .66 1378 4346 8.021 
8.192 0.75 

4641 7.411 
0.80 796 
0.85 7% 
0 .go 8n 

848 5000 
4967 7.48 

----- e--- 

Ekperiments with Irradiated Fuel i n  the PRCF 

Two types of irradiated fue l  have been measured in  the PRCF. 
v i t y  of a small PUAl rod 1/2" O.D. and 4" long and a PuAl 19-rod cluster  
f r m t h e  PRTR have been measured. 

The react i -  

Be measurements of the small samples serve two purposes. 
show how sensit ive a measurement can be made and where e r rors  may enter 
the measurement. Secondly, i f  measurements on the small samples are 
successful, it w i l l  be possible t o  compare them with measurements which 
have been made i n  an %O moderated f a c i l i t y  (MI!R-ARMF at  Idaho Fa l l s ) .  
!be PUAl sample was measured i n  a thimble of-&O i n  the center of the &O 
moderated PRCF. 
i n  the MTR. This loss  w a s  2/3 of i t s  original. react ivi ty .  1% was a l s o  
learned that the more accurate measurements are made with coolant flow in 
the thimble rather  than in s t a t i c  conditions. A coolant coefficient fo r  
%O coolant was measured as + 30 &/OC also.  This coefficient has the 
opposite sign of the moderator coefficient because the &O is  a strong 
poison i n  the PRCF and increasing i ts  temperature would decrease the 
absorption effect .  

The measurements of f u l l  length c lus te rs  are t o  determine how best t o  make 
the  measurement i n  the presence of the photoneutrons fran t he  (y,n) reac- 
t i o n  and t o  learn how much information can be obtained fram the measure- 
ment. 

First, they 

The sample haci l o s t  lo3 2 10 pk because of i r rad ia t ion  

The PUAl cluster  has l o s t  5 2 1 mk a f t e r  being i r radiated i n  the 
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PRPi f o r  30 MWD. The neutron 
-source strength i n  the PRCF because of the (y,n) reaction i n  IQO and the 
(y,n) reaction in  the PUAl elements increased by a fac tor  of 4 because 
of an increase i n  the (y,n) source when the i r radiated fue l  element was 
added t o  the PRCF. The irradiated element has been discharged from the 
PR'PR for  d l 7  months. 

This loss  isd1/3 of the original worth. 

Ezperiments i n  WO Moderator i n  the PRCF 

Measurements were performed i n  the center of a Pu-A1 cluster  and i n  a single 
Pu-U rod in  a thimble i n  the center of the PRCF t o  determine the neutron 
s p e c t r u  i n  two different environments. 
when the cluster  was used and contained l i g h t  water moderator when the 
single rod was used. 
fo i l s ,  bare and cadmium covered, i n  a plutonim-aluminum sample which was 
placed i n  the ver t ica l  and r a d i a l  center of the reactor.  The spectral  
index and Westcott r value were measured t o  be 317 5 1% and 0.0121 + 0.0001 
respectively fo r  the I+O moderator and 380 i 3% and 0.070 i 0.002 respec- 
t ive ly  inside the cluster .  
moderator was 301%. 

The thimble contained no moderator 

Tne measurements were made by i r rad ia t ing  lutetium 

In  both cases the temperature of the Q O  

The measurements t o  determine the sens i t iv i ty  of the reactor t o  absorption 
f o r  each of the environments have been analyzed. The sens i t i v i t i e s  vary 
between 72 and 99 */an2 of boron depending on the f i s s ion  cross section 
of the sample used.for the measurement. The sens i t i v i t i e s  were obtained 
with an uncertainty ofd5$. 
which was based on a preliminary analysis and reported ea r l i e r .  

This uncertainty i s  only one-half of that 

Scattering law fo r  Water 

Work continued toward reducing the  running time of 2GUSWI which calculates 
the scattering l a w  f o r  water. 
t ransfer  has been developed, and currently the methods for  evaluating 
t h i s  formula numerically a re  being worked out. 

Modified Heavy Gas Equation 

The flux dis t r ibut ions produced by three runs of program PHI f o r  a graphite 
moderator have been campared t o  the more exact f l ux  d is t r ibu t ions  produced 
by program SPETRE S. 
heavy gas equation breaks dam and does not produce a good approximation 
t o  the f lux dis t r ibut ion of SPECTRE S when a high concentration of plutonium 
is  present. Various parameters, such as moderator temperature, plutonium . . 
concentration, and uranium concentration a re  being varied t o  determine the 
range of usef'ulness of the modified heavy gas equation. 

An asymptotic formula fo r  large manentum 

. 
The preliminary results indicate that the  modified 
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PRTR Birnup EQ eriments 

me experimental burnup data f ran  the destructive tes t ing  of three graded 
exposure PU-U fue l  elements ere  essent ia l ly  canplete. These elements 
are  three of six elements i n i t i a l l y  proposed as PRTR 'Pest Number 13 in 
HW-71786. The data have been tabulated and include the following: 

1. 

2. 

3 -  

4. 

59 

6. 

7. 

%?xication information, exposure periods, accumulated exposures, 
and the a n a l y t i c a l  resu l t s  fran melt samples. 

Sample weights ( & i t e r )  fo r  1/2" samples cut f ran three rods, 
one outer ring rod, one middle ring rod, and the center rod of 
each element a t  designated rod positions. 

Sample weights (gm) fo r  macrodrill samples. These samples ere  
1/16" drills, 1/2".deep, across the diameter of a 1/2" section 
taken frcnn center of each rod. 

Cs-137 ac t iv i ty  measurements (d/m/ml) f o r  the samples -of (2 )  and 
(3)  above. 

Alpha ac t iv i ty  measurements (d/m/xl) and Pu content determinations 
(-/liter) for ( 2 )  and ( 3 )  above. 

Coulametric t i t r a t i o n  analyses t o  determine Pu content ( & l i t e r )  
of every th i rd  sample only of (2) above. 

Plutonium isotopic analysis fo r  the samples of ( 2 )  and (3) above 
by mass spectrcmetry. 

- -  

The spa t ia l  dis t r ibut ion of percent burnup of the plutonium i n  a rod was 
calculated by the following equations: 

Percent wlrnup = RI fissioned x 100 
i n i t i a l  pu 

PU fissioned x 100 
Percent wlrnup = F3.l fissioned f fw pU 

where initial Pu of a sample i s  obtained f r an  the data tabulated in (1) 
and (2) above, and the final Pu of a sample i s  obtained fran the data of 
(5 )  and (6)  above. The Pu fissioned is  determined by the  equation 

Pu Mssioned = K A ( t )  
yX eWht 

(3)  

1 2 3 3 1 0 0  
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where A ( t )  i s  the Cs-137 a c t i v i t y  of (4)  above, y i s  the  y ie ld  of Cs-137 
f r an  the  f i s s ion  of Pu-239, 6.489, X i s  the  radioact ive decay constant, 
T+ = 29.68 2 0.05 years, and K i s  a constant containing conversion fac tors .  
For every regular 3'' burnup sample, percent burnup was thus determined by 
two met.hods and, where the  data of (6)  above were avai lable ,  by three 
methocis. 

Anslysis of FRTR Burnup Bperiments 

Improved values fo r  the  fue l  cross sect ion r a t i o s  have been obtained using 
fitted polynomials t o  describe the  atom densit.y changes as a func+,ion of 
burnup. The derived cross sect ions are  dependent on the  accuracy of the  
f i t t e d  curves, a s  well a s  the assumed value of uf41/ua4(=.84), considered 
constant throughout the  burnup. 

Cod5 Development 

RBU 

Prepsrations f o r  the  PRTR lg-rod f u e l  c lus t e r  study on RBU a r e  nearly 
completed. 
such a way as t o  allow estimation of both radial and t ransverse e f f e c t s  
a s  well as sane f ine-s t ructure  d e t a i l  i n  t he  c l u s t e r  i t s e l f  d u r i n g  the  
burnout period. 
sca t te r ing  l a w  i n  the  Monte Carlo calculat ion.  

- 

The mathematical descr ipt ion of t he  c lus t e r  has been done i n  

Some d i f f i c u l t i e s  s t i l l  remain i n  t r e a t i n g  the  heavy water 

Re-evaluation of the modified gas sca t te r ing  l a w  may be cmple ted  i n  t i m e  
f o r  use i n  the  19-rod c lus t e r  study. The KERNEL program has required sane 
revis ion i n  the  numerical integrat ion ca lcu la t ion  because of l a rge  accuIILu- 
l t i t ive  e r ro r s .  A Simpson's in tegra t ion  was subs t i tu ted  fo r  the  or ig ina l  
t rapezoidal  integrat ion and a considerable reduction i n  e r r o r  resul ted.  
l k s p i t e  t h i s ,  however, it appears that numerical d i f f i c u l t i e s  with IEEiNEL 
have not been eliminated completely and addi t iona l  changes are planned. 

The RBU system documentation work proceeded s l i g h t l y  behind schedule dw 
t o  some required flow-diagram revis ions.  

Master Cross Section Library 

A three-day meeting of the  ANS Master Cross Section Library Subcommittee 
concluded September 20. 
evaluated source of nuclear data.  Preliminaxy est imates  of t he  t i n e  re- 
quired t o  e s t ab l i sh  an operating l i b r a r y  system are one t o  f i v e  years.  
A t a r g e t  date of June 1964 was s e t  f o r  cmpacting the design of a format 
f o r  the  evaluated data  l i b ra ry .  

Sane progress was made towards c rea t ing  a cent ra l  

1 2 3 3 1 0  I 
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BARNS 

I n  the course of debugging the revis ions i n  BARNS which canbine individual 
isotope data t o  produce cross sections f o r  elements, addi t ional  e r ro r s  were 
found i n  the  subroutine for calculat ing the i n e l a s t i c  s ca t t e r ing  matrices. 
These e r rors  a re  n m  being corrected. 

- 

HRG 

One of the  modifications t o  GAM which has been included in RRG i s  the forme1 
extension of the  GAM resonance in tegra l  c a l c u l a t i o d  method t o  isotopes 
other than u-238 and Th-232. 
proved t o  be very time consuming. 
of t h i s  calculation, th i s  portion of BRG bas been extracted and set up as 
a sepazate code t o  calculate  resonance in tegra ls .  
resonance in t eg ra l s  by th i s  method has now begun. 

- 

In appl icat ions so far, t h i s  method has 
EI an e f f o r t  t o  -rove the  performance 

An invest igat ion of 

Physics Chain 

Physics chain revis ions which w i l l  permit a burnup case t o  be run in one 
pass a re  appraximately 30$ canplete. SIGMA-3H has been a l t e r ed  t o  carry 
required infomat ion  fran GAM and 'IDQEST t o  HFTV v i a  the  HFN Data Tape. 
Additions t o  IlFN pass on t h i s  information and addi t iona l  input and output 
data f r a n  HFN t o  a CLERK I1 pre-processor ca l led  SAM. All changes are 
apparently operative up t o  SAM, which i s  wr i t ten  but not debugged. 

Because of space l imi ta t ions  i n  HFT?, it has been necessary t o  write re -  
vised versions of several  FQRTRAN l i b r a r y  programs. 

ALTHAEA Cross Section Constants 

An Interference coeff ic ient  array for  a 260 C water-moderated reactor  has 
been obtained using the  HRGSPECTRUM chain code. The interference coeffi-  
c i en t s  are f o r  use in the ALTEAEA we-dimensional burnup code t o  r e f l e c t  
t h e  epithermal shadowing of the  various isotopes on other f u e l  isotopes 
by means of the following equation: 

where: 

UNCLASSIFIED 
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0 
u i  = 

U i  = 

C j i  = 

- Y j  - 
zj = 

SCA = 

the ef fec t ive  cross sect ion of t he  ith isotope 
averaged fran pk Tn t o  lo7 ev with the  isotope 
i present in typ ica l  concentration, 

the i n f i n i t e l y  d i l u t e  cross sect ion as calculated 
frm Westcott (see CRRP-960) parameters, 

the  interference of the  jth isotope on the  ith 
isotope, 

concentration of t he  j t h  isotope, 

the  height of the  major low l y ing  N R I A  resonance 
adjusted f o r  the e f f e c t s  of t h e  other resonancesJ 

a resonance sca t t e r ing  index r e f l e c t i n g  the  surface 
t o  volume r a t i o  e f f ec t s  of t he  e f fec t ive  sca t t e re r .  
This i s  adjusted t o  give the  cor rec t  epitherrnal 
react ion r a t e  of t he  major isotope. 

The values of the interference coef f ic ien ts  have been obtained and a 
library tape processed using these values. 

HRGSPECTRUM Library and Standard kergy Mesh 

Several energy mesh spacings have previously been i n  use with SPCTRUM 
code, therefore,  it was recamnended that experiments be car r ied  out t o  
determine if a universal  mesh spacing could be devised which would provide 
the  benef i t s  t o  the user previously 'a t ta ined only by using d i f f e r e n t  mesh 
spacings emphasizing the  port ion of the  spectrum where grea te r  accuracy 
was desired.  Specif ical ly ,  one mesh spacing was i n  use f o r  thermalization 
experiments, and another was i n  use f o r  obtaining t h e  e f f ec t ive  resonance 
in t eg ra l  of Pu-239 f o r  hanogeneous reac tors .  

A mesh spacing has been devised which y i e lds  results i n  the  thermal or 
Maxwellian energy group which closely approximate those previously a t ta ined  
with the  mesh espec ia l ly  designed f o r  t h i s  purpose as indicated by the  fo l -  
lowing averaged cross  sections.  

UNCLASSIFIED 
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Isotcjpe Ar-239 Pu-241 u-235 h - 2 b  0-16 2-49 

Thernial 967.37 990.75 567.94 2 4 . 1 7  0.0001784 0.15291 
Mesh 

Universal 963.23 906.85 571.48 249.76 0.0001?88 0.15329 
Mesh 

z Change -0.43s -0.409 +0.62& a . 2 4 4  4-0.265 +O ,265 

The agreement between the two thermal groups i s  thus shown t o  be rather 
good, where the thermal group extends t o  0.18 eV. 
f r a  0.18 t o  0.68 eV, and the agreement fo r  m-239 a d  for AL-241 is 
excellcnt (0.1% apyrox.), and the Pu-240 agreed t o  within a b w t  1.05. 
The next &roup fram 0.68 t o  2.38 eV, which contains the major Pun-240 
resonance, agreed t o  within +lo$; and the d i lu t e  resonance integral  was 
closer fo r  Pu-240 t o  the expected value with the second mesh than f o r  the 
original mesh. 

The next group extends 

!Transport Theory 

Transport Theory Development Work 

Ref onmrlation of Hanford' s &ti-energy transport  enalysis, t o  provide 
rounding logic  throughout the en t i re  calculation, progressed through 
canplei.ion of programming and debug work on the new deck (GE-HL program 
s-XII). 

To f a c i l i t a t e  decisive evaluation of the e f fec ts  of replacing truncation 
logic  by rounding logic, other improvements incorporated in to  the reform- 
ulat ion were limited t o  meeting irmnediate needs.not affect ing the calcula- 
t iona l  logic.  The deck was broken up in to  a three-link chain (input, main 
loop, output), fo r  example, t o  ease memory-capacity l imitations;  a power 
normalization option which-has been needed i n  advanced design studies on 
epithermal reactors was prwided; and the space-energy output smear vas 
extended to.provide space-energy-material smearing f l ex ib i l i t y ,  i n  res- 
ponse t o  of f - s i te  requests received froaa both Los Alsmos and Vallecitos. 

Advanced Reactor Concepts 

Pboenix Reactor Concept Studies 

me nuclear parameter survey fo r  the Mark I core has been extended t o  
cover a larger  var ie ty  of core configurations. 
iously were confined only t o  500 l i t e r s ,  now cover a range f rm 250 t o  

Core volumes which prev- 
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1000 l i t e r s .  
cu la t ions  have now been carr ied out f o r  M/W = 0 and M/W = 2. 

The or ig ina l  Mark I, M/W was s e t  at  uni ty .  Additional cal- 

Refinements of the burnup calculat ions a re  also being made. 
previuus " l i f e  studies" were car r ied  out with group microscopic cross  
sect ions charac te r i s t ic  of the  clean reac tor  s t a r tup  conditions. 
more recent l i f e  studies,  adjustment of the  microscopic cross  sect ions i s  
made at various stages of reac tor  l i f e .  

MBny of the  

I n  the 

Evaluation of I43B a s  a possible i r r ad ia t ion  f a c i l i t y  f o r  a canplete 
Phoenix core is continuing. Studies of t he  reac tor  physics s t a t i c s  have 
been broadened in both d e t a i l  and scope over t he  pas t  month. Two-dimen- 
s ional  solutions of the four-group reac tor  fluxes, using t h e  code g-ANGIE, 
have Eliminated a great  deal of the  gecmnetry idea l iza t ions  necessary f o r  
1-D calculat ions.  
gecnretry puts  the general problem of "core hmogenization" on firmer foot- 
ing. 
20.0 isotopic  percent Pu-240 in t h e  unburned PU-A1 fuel. 
conposed of 27 f u e l  boxes, several  of which contain f u e l  p l a t e s  with 
uniformly 6.4 gms/plate, the remaining boxes having 8.0 gms/plate before 
i r r ad ia t ion .  

The specif icat ion of the  core c q p o s i t i o n  i n  x-y 

Three areas  now being analyzed contain separately 4.4, 10.0) and 
Each core i s  

I n i t i a l  (time = 0)  cross sect ions of all per t inent  mater ia ls  for t he  
burnup calculat ions of these cores have been obtained i n  four-energy 
group form using TBERMOS fo r  t he  t h e m  and Pu-240 resonance groups, and 
GAM f o r  t he  two high energy groups. 
were obtained from TEMPEST. 

Some supplanentary cross  sect ion data 

h s t  Reactor Studies 

Nuclear Desim Calculations f o r  a &-Rocket 

Reactor physics s t a t i c s  ca lcu la t ions  have been canpleted on t h e  preliminary 
model of a small fast spectrum reac tor .  

The descr ipt ion of the  model i s  as follows: 

The core i s  18" high by 12" in diameter, divided a x i a l l y  i n t o  
four f i e 1  zones, each w' t h i ck  and containing 40 v/o, 50 V/O, 
60 v/o, and 70 v/o void, . respect ively,  s t a r t i n g  at  the  r e f l ec t ed  
end. 

The reac tor  i s  re f lec ted  r ad ia l ly ,  and on one end by 4" of Be. 

The f u e l  is a cermet of Pu i n  W, the  Pu containing 5 a/o Ai-240 
and 95 a/o Pu-239. 

\ 2 3 3 1 0 5  UNCLASSIFIED 
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The f i r s t  r e s u l t s  of the calculat ion indicate  that the reactor  should con- 
t a i n  higher fue l  loading than was or ig ina l ly  postulated.  
however, approximately the desired a x i a l  lower d is t r ibu t ion .  The calcula- 
t i o n s  were performed with HFN i n  both s lab and cy l indr ica l  geanetry in an 
i t e r a t i n g  procedure in order t o  specify the v e r t i c a l  buckling as near as 
possible i n  the f i n a l  case. 

It does have, 

Assessment of Fast Reactor Cross Section Compilations 

B e  GCDIVA (U-235) and JEZEBEI, ( h - 2 3 9 )  core were selected t o  perfom a 
series of check calculations on-the va l id i ty  and accuracy of the  plutonium 
and uranium fast reactor  cross sect ions cur ren t ly  used f o r  c r i t i c a l i t y  cal-  
culations.  Seven cross section sets were invest igated and both diffusion 
(E??N and G 2 ) ,  and transport  ( S - X I )  theory codes were used f o r  the calcula- 
t ions. 

The cross  section s e t s  a re  designated as  folluws: 

(1) HRG 228.2288 
( 2 )  HRG 228.2288 
(3 HRG 239 5607 
(4) LAMS 2543 

(6) YQM 
(7)  mfI 
(5) CPRX-LA 2707 

HRG 228.2288 - Frm RBU Basic Library data. 
HRG 239.5607 - From GAM-I data tape.  
IAMs 2543 - Ban the  document LAMS 2543. 
CF'RX-LA 2707 - Fran the  document LA 2707, 
YOM 
NDT 

- Frau Fast Reactor Cross Sections, Yiftah, W e n t ,  Moldauer. - Ran the E 2  Nuclear Data Tape. 

Il?e results of the calculat ions ind ica te  a considerable spread between the 
various cross section s e t s  i n  use. Re-evaluation of some of t he  s e t s  seems 
t o  be in  order. 

Mass Spectrometry 

Isotopic analyses of samples in support of Plutonium Recycle Program s tudies  
were continued. Thirty-two analyses were performed for uranium f r ac t ions  
of PRTR fuel element No. 1101. 
t i o n a l  samples or confinnatory analyses fo r  PRTR fuel elements Nos. 5092' 
and 5095. In addition, f i v e  analyses were provided for PRCF experiments. 

'Ilwenty-two analyses were performed as addi- 
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I n s t m e n t a t i o n  and System Studies 

The minor c i r c u i t  modificaticns desired f o r  the  PRTR l i qu id  e f f luen t  moni- 
t o r s  were completed i n  one instrument and tests a t  PRTR were successful. 
Simiiw c h a g e s  w i l l  be made on the  other u n i t s  of the  system with one un i t  
being converted a t  each outage. 

An athmpt. t o  rerun PRTR t e s t  No. 35 [ k i n e t i c s ]  was only p e r t i a l l y  success- 
ful  b e c a s e  of a f a i l u r e  i n  an ionizat ion c-ber. The moderator l eve l  
measurement was cmpleted,  hovever, and ans lys i s  of the  spectrum shows the 
same p e e s  at approximately 3 and 10 cycles per second which were noticed 
on tin e s r l i e r  t e s t .  
i s  rrqLired, hoxev&r> t o  obtain usefu l  k ine t i c s  data .  

A similtaneous measurement of f l u  md l iqu id  l e v e l  

Tne 3 C F  m d o g  c a p i t e r  study f o r  heavy water rn.cderst.ion vas caupleted f o r  
use i n  haZ6-l'd.s analyses. 
t i o n  was cmpleted and debugging was s t a r t ed .  

A s h i i a r  analog prograrr f o r  l i gh t  w&t.er modera- 

HIGH TENPEEA TURE REACTCW LATTICE PHYSICS PROSRAM 

A 200 h w  corrosion t e s t  i n  a nitrogen atmosphere tit 1000 C has been c a p -  
l e t ed .  
t i o n  upcn visual  inspection. 
hastelloySX, molybdenum, and inconel were included i n  the  run. 
these s r e  being considered f o r  use i n  the  H!WIR. 
studies sf the  samples are  being d e .  
prepsred which w i l l  last f o r  1000 hours. 
included i n  the  f i r s t  run w i l l  be samples of hastelloy-X containing about 
1% gadolinium and same ceramic mterials. The hastellw-X-Gd may be used 
i n  control  and safety rods. 
f o r  use as thermal snQ e l e c t r i c &  insu la t ion  in the  ~~. 
!Be IELTR mochp, i n  which prototype items are t o  be t e s t ed  up t o  1200 C3 
cons is t s  of a 10-foot-long graphite assembly surrcninded by insu la t ion  and 
a containment s h e l l  f o r  the nitrogen atmosphere. 
graphi te  poption haw been canpleted and f a b r i c a t i o c  will start i n  about a 
week. The engineering work on zhe insulat ion,  shell,,  gtis system, an3 he&- 
ing system have not been ccanpleted. 
prototype control  and safety rocis have been considered frm the  engineering 
and f a i l - s a f e  point of view. 

None of the samples used showed any severe corrosion or carburizh- 
Lhnples of n icke l ,  t h o r i a  dispersed nickel,  

A l l  of 

Another run a t  1000 C is  being 
31 addi t ion t o  the  mster ia l s  

Physical and metallographic 

The ceramics t o  be t.ested e r e  those considered 

Considerations of t he  

The drive and re leese  units of the  

The reac tor  calculat ions being made f o r  HTLm have been extended t o  include 
a det,ermination of control rod wcrth. 
ing t h e  a l t e rna te  control rod loca t ions .  

This will be of' s s s i s t m c e  i n  se lec t -  

I 2 3 3  IO1 
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A study of neutron beam choppers has indicated t h a t  a su i tab le  type f o r  
use i n  measuring neutron spectra f rm l a t t i c e s  i n  the HTLTR would be a 
s ingle  rotor  multiple s l i t  type. For t h i s  type the  r e l a t ions  between 
neutron velocity, f l i g h t  path, ro to r  angular speed, ro tor  diameter, s l i t  
width, s w c e  strength, chopper transmission, counter efficiency, and 
resolut ion have been reduced t o  graphical form covering the region of 
i n t e r e s t  for  HTLTR application. 
i n  s e t t i ng  the various parameters of the  chopper system during the design 
period. 

During the  course of experimental s tudies  using the ER7LTR there  will be 
a need f m  several types of r e a c t i v i t y  data. 
properly poisoned central  c e l l  must be determined. Relative r eac t iv i ty  
coeff ic ients  f o r  various materials must be measured. 
sample tis a f'unction of posi t ion vould a l so  be valuable information. 

The p a p h i c a l  presentat ion w i l l  be u s e m  

The n u l l  r e a c t i v i t y  of the  

The r e a c t i v i t y  of a 

Several techniques are avai lable  f o r  measuring r e a c t i v i t i e s  and r e l a t i v e  
r e a c t i v i t y  coeff ic ients .  
The reported performance of o s c i l l a t o r s  now i n  operation i s  being eval- 
uated t o  determine if  ex is t ing  equipnent and techniques of analysis  can 
be adapted t o  o u  needs. The heavy cent ra l  c e l l  w i l l  not be able t o  move 
i n  end out quickly enough t o  generate a s tep  change in r eac t iv i ty .  The 
r e a c t i v i t y  change w i l l  be more l i k e  a saw tooth  or a sine flmction. 'Ilhe 
neutron respone of the  reac tor  t o  several  frequencies of o sc i l l a t ion  has 
been calculated using the  zero power t r ans fe r  function and TRIP-105. 
methods agree within 0.5s thus giving confidence t o  the  use of !EIP f o r  
t he  analysis  of more ccrnplex r e a c t i v i t y  changes. 

For the  HTLTR two o s c i l l a t o r s  have been proposed. 

Both 

NElTpzON FLUX MONITORS 

A t op ica l  report  discussing experimental evaluation of t he  neutron paran- 
e t e r s  r, T and Z has been canpleted and made r e d y  f o r  issue.  

Three regenerating detector  samples, of the  12 being i r r ad ia t ed  at  KE 
Reactor, a re  s t i l l  awaiting preparation f o r  mass spectraneter analysis .  
Recent outage a t  KE Reactor has delayed exposure of the  remaining samples. 
-her invest igat ive e f f o r t s  will depend on t h e  r e s u l t s  obtained by the  
mass spectrometry tests. 

Calculations were made t o  determine the  p o s s i b i l i t y  of using isotopes 
other than Boron-11 as in-core neutron flux detec tors  of t he  beta-current 
type. Aluminum-27, VanSdium-5l,  Technetium-99, and Lithium-7 all appear 
t o  of fe r  p o s s i b i l i t i e s  although none has t h e  desired canbination of cross 
section, half l i fe ,  and beta energy. A snout f a c i l i t y  i n  the  KWReactor 
was secured f o r  i r r ad ia t ion  of one Boron-11 detector ,  and i n  addition, an 

UNCLASSIFIED 
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Aluminum-27 detector  w a s  fabr icated and charged i n t o  t h e  reac tor  with the  
Boron-11 uni t .  
since init ial  tests indicated t h a t  currents  r e su l t i ng  from detec tors  
exposed t o  known f lux  d i s t r ibu t ions  were inconsis tent .  Measurements a re  
nov being made t o  determine the  extent  t o  which cable induced e r r o r s  a re  
present i n  these applications.  
ment of the low current l e v e l s  expected fran the  beta-current detectors .  
A cammercial voltage-to-frequency converter was modified t o  a current.-to- 
frequency converter. Tests showed tha t  kl$ accuacy  could be achieved 
f o r  an input current of one nanoampere and '105 accuracy f o r  0.1 nano- 
ampere. Input d r i f t  currents  a r e  in the order of 10 picoamperes a f t e r  
w ~ p .  The canplete measurement system includes t h e  modified converter, 
a cammercial frequency counter, and a p r in t e r .  I n  use, da t a  points  can 
be obtained every 20 seconds with a 10 second cuunting time. 
permit sampling on a 10-second period t o  a 2-minute period with a l-second 
minimum counting time. 

A detec tor less  cable was a l s o  charged i n t o  the  f a c i l i t y  

A spec ia l  c i r c u i t  was devised f o r  measure- 

Variations 

A discussion was held with members of I r r ad ia t ion  Testing, IPD, t o  deter-  
mine the requirements f a r  shield plugs and reac tor  t e s t  hole f a c i l i t i e s  
fo r  the  microwave in-core neutron f lux  monitor experiments. Prints were 
obtained f o r  the  &Test Hole a t  DR Reactor t e s t  f a c i l i t y  which w i l l  be 
used f o r  the invest igat ions.  
shield plug w i l l  not be required. 
t i o n  Test proposal. 
klystron, fo r  a f e r r i t e  microwave switch, and f o r  sane spec ia l  glass which 
will be used f o r  plasma containment. 
t i o n s  have been received. 

Since water cooling w i l l  be used, a special  
Preparation was s t a r t ed  on t h e  A-oduc- 

Requisit ions were prepared f o r  a new higher parer 

All necessary waveguide tes t  sec- 

NONDESTRUCTIVE TESTING RESEARCH 

Electr  magnet i c Te s t i n g  

An invention report  w a s  wr i t ten  describing a s ing le  frequency, dual chamel  
eddy current t e s t e r  using th graphical  nu l l ing  fe5ture .  
which evolved during t h e  extensive t e s t s  on the  N Reactor steam generators, 
has new fea tures  which permit t h e  display of more tes t  information and make 
it eas i e r  t o  keep i n  adjustment by t h e  operator. 
use of the  graphical nu l l ing  fea ture ,  i n  making phase discr iminat ion 
adjustments, the  use of spec ia l  c i r c u i t s ,  t o  give a vectorscope presenta- 
t i o n  having e a s i l y  recognized pa t t e rns  f o r  spec i f i c  t e s t  specimen condi- 
t ions,  and the  recording of signals which will reproduce t h e  vectorscope 
presentations f o r  fu ture  in t e rp re t a t ions  of t e s t  results. 

The t e s t e r ,  

This is made possible  by 

A commercial eddy current vector impedance locus p l o t t e r  (Vrrs) is being 
evaluated f o r  use i n  measuring impedances of unknown sourc&s over a range 
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of fiequencies. The performance of the  VIIS was found t o  be l imited over 
t he  frequency range which is  desirable  f o r  impedance measurements. 
t o  use the VILP f o r  such appl icat ions a s  m e t a l  thickness measurements, it 
w i l l  be necessary t o  m c d i f y  the  u n i t  with a spec ia l  amplifier,  which is 
being designed, not having the l imi ta t ion  i n  frequency response. 

Experiments a re  under way t o  determine the  f e a s i b i l i t y  of accurately 
measuring metal thicknesses us ing  a two-coil, transmit techniques i n  which 
signal phase sh i f t s  a re  used. Ih one appl icat ion it i s  des i rab le  t o  meas- 
ure 0.020 t o  0.030 inch th ick  Hastelloy "C" specimens t o  within an accuracy 
of one ten th  of one percent. 
possible if  the equipment i s  properly designed. 
found t o  be accurate t o  within 0.4$ and new designs, which a re  being con- 
sidered, should approach the  desired precision. 

In order 

It was found that such precis ion w i l l  be 
Existing equipment was 

Heat Transfer Testing 

The equation describing the  diffusion of heat i s  iden t i ca l  in form t o  that 
describing the diffusion of an electranagnet ic  wave in a conductor. 
study i s  being made t o  determine the  app l i cab i l i t y  of da t a  analysis  tech- 
niques, used i n  electromagnetic t e s t ing ,  t o  data fran heat t r ans fe r  t e s t s .  
A review of the d i f f e r e n t i a l  equations describing heat t r ans fe r  has shown 
that there  i s  no d i r e c t  analog between an electr-etic wave in  space 
and a thermal wave (with tpmperature corresponding t o  e l e c t r i c  f i e l d  and 
f l o w  r a t e  corresponding t o  magnetic f i e l d ) .  However, it may be possible 
t o  apply some of the  same concepts and techniques used in analysis  of 
eddy current data  t o  the ana lys i s  of heat t r ans fe r  t e s t  data. 
the at tenuat ion in the  amplitude of sinusoidal temperature var ia t ion,  
which is a function of distance,  heat capacity, density, thermal conduct- 
i v i ty ,  and frequency of temperature var ia t ion,  i s  analogous t o  that of 
eddy currents  i n  conductors. Further s tud ies  t o  develop concepts f o r  
use i n  in te rpre ta t ion  of da t a  fran heat t r ans fe r  t e s t s  are under w a y .  

A 

For example, 

The heat t r ans fe r  t e s t i n g  equipment that i s  being used f o r  development of 
heating and temperature de tec t ion  techniques, and f o r  demonstration of 
t e s t i n g  techniques, has been tenporar i ly  dismantled t o  allow removal of 
the  N Reactor charging machine f r a n  the  building. 

Zircaloy-2 w i d e  Detection 

Metallographic r e s u l t s  f r o m  a small sect ion of an N Reactor process tube 
showed a few hydride p l a t e l e t s  and a la rge  number of smaller p a r t i c l e s  
d i s t r ibu ted  i n  the matrix m e t a l .  
correlated with the  r e l a t i v e  amplitudes of eddy current signals recorded 
during t e s t s  made on the  process tube sect ion p r i o r  t o  the  metallographic 

The d i s t r i b u t i o n  of smaller p a r t i c l e s  

UNCLASSIFIED 

1 2 3 3 1  IO 



UNCLASSIFIED B-23 IIW-79046 

work. Although the  smaller p a r t i c l e s  took on the  cha rac t e r i s t i c  gold stain 
-of zirconium hydride during anodization, they may not be hydride. Samples 
taken fxam the  process tube sect ion a re  present ly  being analyzea f o r  hydro- 
gen content by the  vacuui outgassing method. 

S t a b i l i t y  and signal-to-noise r a t i o  i n  the 44 and 455 kc laboratory proto- 
type eddy current detect ion instruments were determined exper imentUy i n  
terms of differences i n  r e s i s t i v i t y  of Zircaloy-2 samples placed under the 
probe co i l s .  Drift, during 1/2 hour periods, and noise at  t h e  output 
terminals of e i the r  instrument were approximately equal t o  t h e  change in 
signal caused by a r e s i s t i v i t y  change of 0.2 micro-oh-centimeters in 
Zircdoy-2, s m p l e  having a r e s i s t i v i t y  of 72 micro-ob-centimeters. 
campares ftivmably t o  the 2.5 micrc-oh-centimeter change i n  t h e  r e s i s t i v i t y  
of Zircaloy-2 which is expected t o  occur a s  6. r e s u l t  of hydriding t o  a l eve l  

This 

of 2000 p p .  

A new temperature capensa ted  probe head f o r  operation a t  4k kc was fabr i -  
cated f o r  use i n  laboratory t e s t s  on short  sect ions of Zircaloy-2 tubes. 
The new probe i s  an improvement over the  previous design i n  that it mechani- 
cal1.y follows the inner surfaces of the  tubes b e t t e r  and reduces the problem 
of probe l if t-cff  canpensation. 
f o r  rhpid temperature changes w i l l  be needed i n  probes f o r  in-reactor  use 
than was obtained i n  t i e  present laboratoly model. 

Fundamental Ultrasonic Studies 

I n  order t o  determine the  f e a s i b i l i t y  of lssing boundary waves f o r  t e s t i n g  
bond qual i ty ,  various small metal samples were prepared f o r  bonding. 
induction heater was used f o r  init ial  attempts t o  obtain bonds between 
p a i r s  of metal specimens. 
fo r  all but a few of the prepared metal samples which had the  highest  melt- 
ing temperatures. 
defects  by other methods. 
hydride and s t ressed samples were delayed pending cmple t ion  of sample holders 
and other associated equipment. 
boundmy wave formation and severd colored Schlieren photographs of lamb 
wave propagation were taken f o r  use in poster  d i sp lays  in connection with 
research s tudies .  

'Pests have shown that. b e t t e r  compensation 

An 

This method of bonding was found t o  be unsuitable 

Effor t s  were undertaken t o  obtain bonds and bonding 
Boundary wave experiments with regard t o  zirconium 

Photograph6 of various e f f e c t s  r e l a t ed  t o  

Basic theo re t i ca l  s tud ies  concerning the  general aspects  of sound wave propa- 
gation a r e  being conducted by the  Applied Mathematics Operation, M. 
hoped, as a long-range goal, that any u l t rasonic  t e s t i n g  m o d e l  can be 
eventually explained as the  r e s u l t  of t h i s  work. 
with the  representation of the general solut ion t o  w8T-e propagation at an 
in te r face  between u l t r a son iza l ly  d iss imi la r  media. 

It i s  

I n i t i a l  s tud ie s  have d e a l t  

W&ve a t tenuat ion  was 
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taken in to  account i n  the form which i s  given by the  d i f f e r e n t i a l  equation 
of Voigt, which i s  camnonly re fer red  t o  a s  the "Voigt Solid." 
yet-ccmplete study of the solut ions t o  the equation of p a r t i c l e  motion 
has given r i s e  t o  sane doubt as t o  the  v a l i d i t y  of the  Voigt model. h e  
solut ion ac tua l ly  indicated that wave propagation would be i n  a d i rec t ion  
of increasing amplitude: An obvious v io la t ion  of what physical ly  occurs. 
Further analysis  is  e s sen t i a l  t o . b r i n g  agreement between the  ana ly t ica l  
model and the physical phencxnena. Also, the  Voigt so l id  may not be the  
bes t  model f o r  representing the  wave propagation as applied i n  ccsmnon 
u l t rascnic  t e s t s .  
problems has been so l i c i t ed  and an informative v i s i t  has been arranged. 
The rou& draft report  on the fundamental s tud ies  concerning l iquid- l iquid 

The not- 

The assis tance of individuals more famil iar  with these 

USAEC-AECL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath rUb- 

Design changes and required addi t ions t o  the  17 m i l  w a l l  tubing t e s t e r  
have been canpleted. 
being used t o  t e s t  27 m i l  w a l l  Zircaloy tubing of 56 inch lengths.  
one, two, and three mil depth by 15 m i l  lengch punched notches used as 
t he  standard a re  consis tent ly  detected w i t h  t he  tubing ro ta ted  at 1800 
RPM and scanned at  18 inches per minute. 
provided go& performance on the  200 tubes t e s t ed  t o  date.  

In order t o  provide a more v e r s a t i l e  t e s t  s t a t i o n  and simplify both ca l i -  
b ra t ion  and operation of the equipment, a x i l i a r y  readout c i r c u i t r y  was 
developed. 
An i n t e rna l  oscilloscope presents  the  video waveforms f o r  observation of 
defect  signals and provides a ca l ibra ted  marker f o r  ver i fy ing  proper 
t e s t e r  operation. 
defec ts  only. 
l eve l s  required while the  analog recorder output channel i s  used as the 
input t o  a s t r i p  char t  recorder. P r in t s  and p a r t s  l i s t s  f o r  t he  ccmplete 
system have been prepared and canponents f o r  t he  final t e s t e r  e lec t ronics  
have been placed on order. 

Although the mechanical system has required modifications t o  hold the tube 
more securely and prevent wear and vibrat ion,  t h e  basic  method of ro t a t ing  
the  tube and t r ans l a t ing  the  c r y s t a l  funct ions very w e l l .  
r e s t s  were mounted on the  l a t h e  bed t o  cor rec t  t he  v ibra t ion  problem while 
t he  tank was f i t t ed  with ba l l  be'arings so that t h e  O-ring seals r o t a t e  with 
the  tube. With these modifications wear and v ibra t ion  problems were solved, 
producing a durable and precise  mechanical system which provides an accurate 

The cmple t e  t e s t  s t a t i o n  i s  operational and i s  
!he 

The e n t i r e  t e s t  s t a t i o n  has 

"est information i s  gresented in three  separate channels. 

The remaining two channels provide outputs f rm 
The dual red l i g h t  c i r c u i t  channel may be set a t  the  r e j e c t  

Two steady 
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ult rasonic  scan over the  en t i r e  tube surface.  
tuwards autcrnating the system. 

Future e f f o r t  w i l l  be devoted 

As t he  hardware design and fabr ica t ion  is canpleted, more emphasis w i l l  be 
placed on gathering addi t ional  data f o r  the  f i n a l  report .  
time only Zircaloy tubing f rm 13 t o  30 mils in w a l l  thickness has been 
tes ted .  I n  order t o  e s t ab l i sh  the  full po ten t i a l  of t he  present t e s t  
system, standards of s t a in l e s s  s t e e l  and aluminum, as well as Zircaloy, 
a re  being prepared i n  various wall thicknesses. The response of the  t h i n  
wall tubing t e s t e r  w i l l  a l so  be compared t o  the  response of t he  present 
tubing t e s t  employed by Canadian General E lec t r i c  Company while gathering 
data  with these standards. 

A t  t he  present 

The u l t rasonic  c rys t a l  i s  a l so  a component of major importance i n  t h i n  w a l l  
tubing tests and i n  order t o  r e a l i z e  ful l  po ten t i a l  of an ul t rasonic  tubing 
t e s t ,  an ult imate r a t i o  of u l t rasonic  beam s i z e  t o  tubing w a l l  thickness 
must be established. Methods of measuring the  u l t rasonic  beam s i ze  have 
been developed. 
focused lenses  with varying radius  of curvature were measured for beam s i ze  
and other var iables .  After the  beam s i zes  of a su f f i c i en t  number of trans- 
ducers have been measured, design parameters f o r  obtaining an optimum t h i n  
w a l l  tubing t e s t  transducer w i l l  be es tabl ished.  

Various diameter of c r y s t a l s  f i t t e d  with spherical ly  

BIOLGY AND MEDICINE - 06 P R W  

Atmospheric physics 

An excel lent  information exchange and f i e l d  workshop on advanced design 
atmospheric turbulence measuring devices was held a t  Eanford on September 
9-13., i n  cooperation with ' the University of Washington. The W o r d  Wind 
Canponent Meter was operated along with the  University hot wire and sonic 
anemmeters i n  comparative s tud ies  of instrument response and recording 
systems. The University systems received t h e i r  final f i e l d  check-out f o r  
use i n  the  Internat ional  Indian Ocean -edition s t a r t i n g  i n  December. 
In addi t ion t o  the turbulence instrumentation, t he  Hanford micrometeorologi- 
ca l  mast was operated i n  conjunction with the  s ing le  boom p r o f i l e  device 
developed at the  University. 

In Air-Force-supported work, the  nar ra t ive  for a f i l m  documenting the  
Cape Canaveral and Vandenberg Studies was prepared and ed i t ing  of the  film 
was cmpleted.  
Research Directorate f o r  ccnmnents and approval p r i o r  t o  final copy. 

The d r a f t  mater ia l  will be sen t  to the  Air Force'Geophysics 

Substant ia l  progress was made toward summnrization and p r a c t i c a l  u t i l i z a -  
t i o n  of f i e l d  t e s t  da ta  wi th  completion of t h ree  r epor t s  as follows: 
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1) "Frediction of Ehvironmental Exposures from Sources Near the 
Ground, Based on W o r d  Ekperimental Data." 

2 )  "Canparison of Results of Atmospheric Diffusion Experiments 
with Calculations frm Prediction Models." 

"Vse of Meteorological Measurements f o r  Predicking Dispersion 
fra Releases Near Ground Level. 'I 

(HU-SA-3220) 

3 )  
( R W - S A - ~ I . ~ ~  ) 

Two f i e ld  t e s t s  designed t o  measure the dispers ion of pa r t i cu la t e  mster ia l s  
released tc the atmosphere were attempted during the month. The t e s t  con- 
ducted dcring unstable meteorological conditions, using a source height of 
61 meters, was unsuccessful due t o  a change i n  wind pa t t e rn  during the 
experiment. The experiment, u t i l i z i n g  a 23-foot source height during s table  
meteoroiogieal conditions with sampling both i n  t h e  horizontal  and v e r t i c a l  
dimensions, was successfbl. The number of successful f i e l d  experiments f o r  
t he  year naw t o t a l s  9 unstable and 16 s tab le  trials. 

Data on prec ip i ta t ion  scavenging of zinc sulfide p a r t i c l e s  by f a l l i n g  rain- 
drops underwent further analysis  during the  month. 
of air dosage da ta  f o r  anisokinet ic  sampler e r r o r  were not avai lable  87; 

month end, l imi t ing  the  da ta  in t e rp re t a t ion  possible.  However, it has 
becane hc reas ing ly  apparent that e l e c t r i c a l  charge on t he  water droplet  
may be a s i i g i f i c a n t  f ac to r  i n  evaluating the  co l lec t ion  e f f ic ienc ies .  

Ad1 data f o r  correction 

Prototypes of both the  "Real Time Sampler" and the  "Autanatic Sample 
Changer" were received from technical  s h o p  during the  month. 
operated s a t i s f a c t o r i l y  during laboratory t e s t s .  

Both u n i t s  

Dr. F. I. Btidgley, Consultant t o  the  operation, reviewed the  atmospheric 
physics program during the month. Many helpful  ccnmnents and suggestions 
were received. 

Radiological m y s i c s  

Whole body counting work i n  Alaska vas ccmpleted. 
higher than those observed last year were found a t  a l l  the  v i l l ages  v i s i t ed .  
An average increase of about 50s ohserved a t  Anaktuvuk Pass is  probably 
the  best  Indicator  of the general  t rend  of f a l l o u t  condi t icns  i n  Alaska. 
A t  the other villages the  Increase was m o d i f i e d  by other e f f e c t s  that w i l l  
be better understood when Biology Section ccmpletes t he  analysis of the 
d i e t a ry  and other infonnation col lected t h i s  summer. A t  Point Hope, fo r  
example, the  average body burden increased by more than a f ac to r  of two. 
!Phis can probably be explained by a difference i n  hunting conditions near 

Body burdens of Cs137 
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that v i l l age  in the  two years with a consequent difference i n  the  amount 
of caribou i n  the  d i e t .  A t  the  other villages differences in the  time 
between the  eat ing of the  last meals of caribou i n  the  spring and the  
counting of the people in the summer affected the  average b d y  burdens 
observed. 

'his year ca l ibra t ion  data were avai lable  for small children, so 69 
Eskimo children in  the 5 t o  1 5  year age range were counted. 
body burdens of Cd37 f o r  these children were about one-third those of the  
adul t s  i n  the same v i l lages .  

!&e average 

Pooled urine samples f o r  two more groups of Richlanders of 150 people each 
xere counted. 
buri.ens of Cs137 so determined vere U.5, 11.3, and 11.7 nc. 
b a y  burden f o r  52 employees counted at t h e  Hanford Whole B d y  Counter 
during Augus t  was 12.6 nc. 

With the sample reported last month: the  average body 
The average 

Fabrication of the  plutonium. X-ray counter w a s  completed. 
of the background counting r a t e  with no one i n  the counter were within the  
e-ected range. Measurements of the background with people in the  counter 
are i n  progress. 

Measurements 

The pos i t ive  ion V a n  de G r a a f f  performed s a t i s f a c t o r i l y  during the  month. 
It was shut dam almost two-thirds of t he  month for t he  work described 
beluw. 

L. W. Seagondollar, professor of physics a t  t h e  University of Kansas 
and consultant t o  Radiological Physics, spent f i f t e e n  days at the  labora- 
t o r y  t o  superintend the  i n s t a l l a t i o n  of t he  helium ion source and charge 
separator on the Van de Graaff. W e n s i v e  changes t c  t h e  Van de G r a a f f  
were necessary. These changes are permanent, although the  helium ion 
source and charge separator must be removed t o  permit  normal operation. 
The source and separator were t e s t ed  without voltage on t h e  V a n  de G r a a f f  
and showed what a r e  presumed t o  be the  two charge states of t h e  helium 
ion beam. Final t e s t i n g  was not possible  because a vacuum leak  developed 
in the  separator when the  V a n  de Graaff tank was pressurized. 
separator is rerewed f o r  repairs ,  an addi t ione l  vol tage supply i s  being 
prepared f o r  i n se r t ion  in  the  terminal of t he  machine t o  permit  b e t t e r  
control of the separator.  

While the 

A preliminary study w a s  cmplcted of experimental methods that could be 
used t o  e s t ab l i sh  the  importance of low energy fast neutrons i n  working 
environments. 
based on proportional counters with gamma ray  discrimination s h d d  be 
able  t o  obtain the  desired information. 

It was concluded that a method of neutron spectrometry 

A su i t ab le  counter was designed 
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. a d  i s  being fabricated.  

A FmlL': aampie was placed i n  the rad ia t ion  c a l o r h e t e r  t o  obtain informa- 
t i o n  frcm which the ha l f - l i f e  could be calculated.  

Bids f o r  a neu-cron generator f o r  the  University of Washington spermatogen- 
e s i s  stukv vere evaluated f o r  the University. 
w i l l  be delivered t o  W o r d .  A graduate student has elected t o  do h i s  
M.S. t hes i s  on t h i s  study and is spending his F a l l  Quarter in residence a$ 
Hanfcrd for %his purpose. Calculaticns of expected dose d i s t r ibu t ions  a re  
being d e .  

The generator is on order and 

Instnmentat icn 

Test aa ta  c-p+,ained with the pos i t ive  ion Van de G r a a f f  accelerator  rela3ing 
t o  the  charac te r i s t ics  of thermal., intermediate, and fasf neutron detectors  
have been analyzed and are  now being documented. 
showed the integrated output of the  three  de tec tors  approximated a theoret i -  
c a l  response curve which weights biological  effect iveness  In  terms of neu- 
t ron  e n e r g .  

In essence, t he  r e s u l t s  

The expe rben ta l  in t ra thorac ic  a i r  pressure measurement instrument, devel- 
oped f o r  zse  with Biology experimental animals, w a s  ca l ibra ted  and tesred 
i n  one animal experiment. 
water equivalent can be detected. Experiments showed that f o r  the pa r t i -  
cular  animal used, no anesthesia was required t o  avoid muscular spasms. 
This f a c t  may be of ps r t i cu le r  s ignif icance if l a t e r  experiments prove it 
t o  be generally t rue .  

In te rna l  pressure changes bs l a w  as 1 . 5  mm of 

The respiratory control  valve, f o r  use a t  t h e  Biology Laborstory in %he 
measurement of radionuclide deposit ion i n  lungs of animals, w a s  successful 
i n  i t s  trial operation with an animal. Valve ccntrol was accomplished using 
a special  pressure sensing transducer mounted in the  nose mask. Minor 
experimental modifications a re  necessary p r io r  t o  ccmpletion of the monitor. 

Discussions were held with Biology IabOr6tOry personnel regarding the  
possible use of e l e c t r i c a l  anesthesia fer experimental anin?als. 
able  i n t e r e s t  in the  approach has been generated, and a review of avai lable  
instruments ind ica tes  that adequate equipment i s  on hand f o r  same laboratory 
experhents .  
temples of the experimental anjmal and e l e c t r i c a l l y  exc i t ing  the  probes 
at a freqGency of 7OO-9OO cycles per second. Anesthesia is  prodwed a t  
currents  ranging from 12 t o  50 milliamperes. 

Consider- 

In essence, anesthesia i s  produced by placing probes on the  
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Considerable t e s t i n g  vas carr ied out on the  experimental instrumentation 
t o  be used for determining the  amount of beryllium entrapped on a i r  f i l t e r s .  
A set of calibrated-deposition f i l t e r s  was obtained f rm Occupatio& 
Wgiene, Relations & Occupational Health Operation, and were used fo r  the  
t e s t s  v i t h  the 3 curie  PO-210 alpha source. V a r i o u s  canbinstions O f  both 
neu-cron and gamma detectors  were employed i n  the  experiments. 
indicated that the appropriate method would be two neutron de tec tors  with 
*he f i l t e r  and source sandwiched between the  twc. Tests with one neutron 
detector  showed t h a t  fo r  a bacmaund r a t e  of about 4 r,/min, t h e  inser t ion  
of a f i l t e r  with 50 pg of b e r y l l i m  entrapped produced a gross rate of 
a b m ~  30 z/ml11. 
ponse; therefore, the  skated two neutron de tec tors  w i i l  now be used t o  
obtarn a nearly 4 T response with posei5le improvement i n  eff ic iency.  The 
scintillation fast neutron detectors  w i l l  be followed by e lec t ronics ,  
now fabricated,  t o  provide an anti-coincidence (exclusive 03 l og ic )  count- 
ing system. -This should mater ia l ly  reduce the  background e f f e c t s  and 
permit detection t o  the  1 t o  10 pg l eve l s  desired.  It s h d d  be noted 
that t h i s  approach w i l l  be mater ia l ly  l e s s  expensive than the  neutron, 
gamma coincidence method o r ig ina l ly  used d abandoned f o r  lack  of sensi- 
t 1viry.  

ESrperimentd work was accelerared on c i r c u i t r y  f o r  t he  eqeriment&l animal 
b io lcg ica l  fhncticn telemetry instrumentation. 
ra te .  information d i r e c t l y  amplitude-modulates thc  c a r r i e r  frequency, the 
breazhing r a t e  i s  used t o  gate on and off a 1 kc/sec subcarr ier  o sc i l l a to r ,  
a d  the  temperature information frequency-modulates the  c a r r i e r .  
ceiver was developed and t e s t ed  which separates the  three  signals. 

m e r i m e n t a l  fabr ica t ion  was nemly  cmpleted on the  f inal  "prcduetion" 
m o d e l  of the  miniazure re&rging pocket dosemeter f o r  use by plant  per- 
sonnel. 
a t h i n  aluminum box as per request of Radiation Protect ion Operation, HL. 

Econwic improvements were achieved f o r  the  experimental miniature so l id  
s t a t e  in tegra tor  c i r c u i t  developed f o r  use with porta3le  r d i & z i o n  detec- 
t i o n  instrunrents, p a r t i c c l c - l y  of t he  neukon dose r a t e  type. The f i e i d  
tests were ccanpletely sat isfaczory on the  o r ig ina l  unit which splays sane 
30 t r ans i s to r s ;  however, a rapid rrarket mrr(r~y i na i s s t ed  t h a t  considerably 
less expensive t r a n s i s t o r s  could be used. This approach vas car r ied  out 
along with the use of severd. plug-in pr inted c i r c u i t  boards i n  place of 
t he  or ig ina l  hard-to-sssemble cordwood fabrica5ion method. The develop- 
mental c i r c u i t s  were then t e s t ed  s a t i s f a c t o r i l y  frm -250F t o  +150*~. 
Over-all p a r t s  cost reduction was about 40$, 
new approach, w i l l  n m  be fabricated.  

The tests 

With the mounting geometry, t h i s  was nearly a 2 T res-  

At present, the  p d s e  

A re- 

The ion chamber and so l id  s t a t e  c i r c u i t r y  k v e  been mounted in 

A f i n a i  model, using t he  
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CircziT; Sevelopment and d i r ec t  t e s t i n g  continued on a HAP0 Radiotelemetry 
System d&za s t a t ion  t o  fur ther  simplify the c i r c u i t r y  and t o  improve 
r e l i a b i l i t y .  
rad io  channel and p r i n t  out the  transmitted information using a commercial 
p r in t e r .  
sca le r  printed c i r c u i t s  were commercial items. In the regular  data s ta t ion ,  
the  servo system and the 400 cps power supply f o r  wind d i rec t ion  use were 
replticed by sine and cosine information which was f i l t e r e d  with a six minute 
RC time constant. This method grea t ly  s impl i f ies  the data s t a t i o n  c i r cu i t ry  
and w i l l  increase the r e l i a b i l i t y .  
t i o n  so ~ d i f i e d  continues t o  be sa t i s fac tory .  
c m p l e t e  conversion of the second s t a t ion .  

Good prcqress was a l so  made an development and assembly of the  three  in- 
f i e l d ,  real-time zinc sulf ide airborne p a r t i c l e  monitors being prepared f o r  
use by Amospheric Physics Operation, HI,. Considerable re-machining was 
found necessary on the  detectar  heads or ig ina l ly  fabr icated off-s ize .  A 

A special  slave s t a t i o n  w a s  developed t o  monitor the  telemetry 

The amplifiers and gate ch-cui t s  were developed and the necessary 

General operation of the one data  s ta-  
Progress was achieved on 

successful f i e l d  t e s t  was achieved with the one i n s t m e n t  modified t o  date.  

Methods were developed f o r  terminating long coaxial  cables, using special  
so l id  s%ate amplifiers,  when GMtubes  a re  used a s  detectors .  
prepared and issued. 

A report  vas 

Debugging continued on the  kO-channel analyzer t o  be used i n  the pos i t ive  
ion accelerator .  
been cmpleted and in s t a l l ed  i n  the  analyzer. 
typewrizer have been checked out and they appear t o  work sa t i s f ac to r i ly .  
An imprcved sense amplifier was developed f o r  t he  memory and is now under- 
going t e s t ing .  

The paper tape punch and typewriter readout c i r c u i t s  have 
Operation of the  punch and 

The study of the  d i s t r ibu t ion  and radioact ive decay of iodine and te l lur ium 
i n  the  bodies of animals and man was cmpleted on the  GEDA analog computer. 

WASHINGTON CESIGNATED PROGRAM 

Isotopic Analysis Program 

Isotopic analyses were provided on program samples t h i s  month in accordance 
w i t h  present schedules. 

Studies continued on the  sc in t i l l a t ion- type  ion detector  f o r  the  mass spec- 
t r ane te r .  
t o  have been eliminated by modifying the  shape of the  ion-target electrode 
such as t o  reduce the  e l e c t r i c  f i e l d  gradient near sane auxi l ia ry  components. 
Work i s  i n  progress t o  make the operation of t he  pulse-height discriminator 

The high l e v e l  of background noise previously encountered appears 
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of the  detector  cmpat ib le  with the  pulse-charac te r i s t ic  requirements of 
the  multichannel analyzer. 

TEST REACTCW OPERATIONS 

The PCTR was operated on an in t enn i t t en t  basis during the  month. 
one unscheduled shutdown due t o  e l ec t ron ic  f a i l u r e .  
month was spent on scheduled maintenance. 
Reactor flux r a t i o s  was s t a r t ed  during the  month. 

!bere was 

The experiment to'measure the  N- 
The rem&inder of the  

p e  

The c r i t i c a l  approach tmk was operated on a two-shift  basis during the 
month. 
ments were completed. 
16 w/o Pu-240. 

was not operated t h i s  month. 

The 0.75. inch, 0.85 inch, and the  0.90 inch l a t t i c e  spacing measure- 
J U ~  f u e l  pieces were 112 in. 2 w/o PU-~1 rods, 

CUSTOMER WCRK 

Weather Fore casting and Mete or  o l  ogical"Service s 

Consultation service continued on mteorological and climatological aspects  
of oxides of nitrogen re lease  in the  300 Area. New stack sample data were 
analyzed i n  conjunction with the  increased s tack height and blower changes 
on the  333 Building. 
Distr ibut ion continued throughout t h e  month. 
a r a t ion  of CPD Containment C r i t e r i a  f o r  consideration by the  Technological 
Hazards Council. 
brochure. 
den t ' s  v i s i t  was provided. 
RPO and CET, r e l a t ing  t o  iodine r e l eases  frm Purex during the  month. 

Meteorological Services, v iz .  weather fo recas t s  and observations, and 
climatological services  were provided t o  p lan t  operations and management 
personnel on a routine basis. 

The weather watch f c r  cross-arm changes for E lec t r i ca l  
Assistance was given in prep- 

A weather sumnary was prepared for use in a rec ru i t i ng  

Considerable time was spent i n  ass i s tance  t o  
Meteorological support f o r  GE-AM: a c t i v i t i e s  during the  Resi- 

Weather Summary 

"y-pe of Forecast 

8-~0ur Production 
24-Hour General 
Special 

Number Made 

90 
60 
150 

5 R e l i a b i l i t y  

8 6 . 5  
88.6 
94.0 
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The past  month was the warmest September i n  52 years of record, with a mean 
temperature of 71.1. 
1938. 

The previous September record was the 70.0 mean of 
'The past month was a l s o  dry with only 0.02 inch of r a in  recorded. 

Instrumentation and System Studies 

An ewerimental model of the optical  scanning apparatus proposed fo r  use 
as the sensor i n  a high temperature extenscmetry system for  Reactor Metals 
Research was bu i l t  and tested.  
the photomultiplier tube t o  be of suff ic ient  amplitude and possess f a s t  
enuugh r i s e  times t o  warrant further work on the system. 
ultimately measure specimen s t r a in  a t  high specimen temperatures with good 
resolution and accuracy. 

Experiments revealed the output pulses f rm 

The system w i l l  

Hardware TO perform high temperature microformer excitation and readout has 
been designed and bu i l t  for  Reactar Metals Resesrch i n  high temperature 
s t ress-s t ra in  experiments. The hardware w i l l  be integrated into the high 
temperature microformer interrogation and readout system. 

An analog-threshold logic c i rcu i t  w a s  designed and b u i l t  for  use i n  the 
creep dnta logging system t o  detect out-of-sequence conditions and a l a r m .  
Work i s  picking up on the data logging system with only shakedown and 
debugging t o  be ccmpleted. 

The cmplex mathematical model fo r  the C-column was simplified. 
simplified model was successfldly simulated on the analog cmputer for  two 
of the 52 cases t o  be studied. A MIDAS proaam f o r  the simplified model 
w a s  found t o  check the analog cmputer resu l t s .  

This 

Design work on Chemical Effluents Technology's ground water analog system 
continued during the month. 
water conditions i n  the Hanford area. 
ods of mounting the r e s i s t i ve  analog network, it was decided t o  use the 
taper pin block method. This method provides the best  r e l i a b i l i t y  and 
the greatest  ease of changing r e s i s to r s  i n  the network. 
of taper  pins and taper pin blocks far the  707 node t e s t  model have been 
ordered for a t e s t  model. 
which w i l l  contain the t e s t  model network have been ccmpleted. 
node ident i f icat ion drawings fo r  the network a re  being prepared a t  the 
present time and a t e s t  model m o u n t  i s  under construction by Technical 

The system w i l l  be used t o  simulate the ground 
After considering the possible meth- 

An adeqpate number 

The design and drawings fo r  the portable mount 
Wiring and 

shops. 

The s o i l  moisture measuring probe, which uses a AiBe neutron source> f ive  
9 proportional counters, and all sol id  state amplifier and high voltage 
circui t ry ,  was nearly completed. A number of neutron detection t e s t s  have 
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been made with sa t i s fac tory  r e s u l t s .  
Advance Technical Planning, CPD, and Chemical Eff luents  &chnology, HL. 

Progress continued on instrument procurement f o r  t h e  U-235 fuel enrichment 
monitor for use by Metal Fabrication Development, Plutonium hktdlurgy, HL. 

Changes gere made t o  the  a l a r m  r e l ay  c i r c u i t r y  of t h e  Columbia River Monitor, 
as developed for  Radiation Protection Operation, BL, and a final report  on 
the  system was written.  

The plutonium waste contsiner monitoring system, developed f o r  Plutonium 
Process Engineering, CPD, was cmpleted and i s  ready f o r  d i r e c t  t e s t i n g  
with kncwn sources a t  the 234-5 Building. Plutonium Process Ehgineering, 
C D ,  i s  t o  furnish the t e s t  sources. 

Necessary assembly head portions of th ree  coincidence-count type alpha 
a i r  fil-cer counters were received and a r e  being assembled. The cammercial 
( s o l i d  s t a t e )  instruments required have been ordered. The counters a re  
being assembled f o r  use by various CPD ccarponents. A memo repor t  was pre- 
pared and issued s t a t i n g  how, i n  the  future,  such counters can be obtained 
d i r e c t l y  through the  Electronics Shop, 328 Bailding. The previous systems 
placed i n  service have establ ished the  full requiranenzs and d e t a i l s .  

The model 1004 single  frequency, dual channel eddy current t e s t e r  was used 
t o  determine the  f e a s i b i l i t y  of t e s t i n g  i/S inch OD Zircaloy sheathed, 
chraanel alumel thermocouple wire. 
outer layers ,  0.0065 and 0.020 inch thick,  respect ively,  both made of Zi r -  
caloy. 
l aye r  be detected. 
t i v i t y  t o  inner sheath flaws in  order t o  determine i f  t e s t  signsls a r e  
ac tua l ly  due t o  imperfections i n  the  mter sheath. Accordingly, a s e t  of 
electro-machined notch standards were prepared i n  a representat ive sheath 
sample and frum i n i t i a l  t e s t s ,  it appears possible  t o  detect ,  and d is -  
t inguish  differences between, i n t e rna l  and ex terna l  sheath flaws. Improve- 
ments are needed, however, t o  obtain differences which are of s u f f i c i e n t  
magnitude f o r  t e s t  appl icat ions.  
frequency than the  200 kc, which was used h i t i a l l y ,  would be desirable .  
This would provide greater  phase angle differences between signals fran 
inner sheath and outer sheath flaws. 
addi t iona l  advantages of increasing the  s e n s i t i v i t y  t o  the  flaws in the  
outer sheath, which a r e  most important t o  de tec t ,  and being less  sens i t ive  
t o  inner e f f e c t s  such as wire spacing which m y  give undesirable background 
signals. 

The probe i s  being developed f o r  

The sheath cons is t s  of coaxial  inner and 

I n  t h i s  appl icat ion it is  required that defec ts  in t h e  outer sheath 
However, it may a l s o  be necessary t o  examine the  sensi- 

I n  par t icu lar ,  it appears t h a t  ti. higher 

The higher frequency would have t h e  
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Optics 

During t h e  past month a l a s e r  head incorporating l i n e a r  f l a s h  lamps and 
f a c i l i t y  f o r  ready interchange of d i f f e ren t  laser rods has been designed. 
.A spherical  output r e f l ec to r  was a l s o  designed for use with the  l a s e r  head 
pending purchase of a combination t o t a l  i n t e rna l  r e f l ec to r  beam s p l i t t e r .  
The l a t t e r  device i s  insensi t ive t o  posi t ion alignment and operates at 
ef f ic ienc ies  near ninety-eight percent. 
requiring no periodic reconditioning since it employs no metal or d i e l e c t r i c  
coatings as p a r t i a l  r e f l ec to r s .  

Atwo-inch diameter borescope having @eater  l ight gathering power than the  
current ly  used process tube borescopes i s  being designed. The design in- . 
cludes all of the features  found t o  be most usefu l  i n  the  e a r l i e r  borescopes. 
!Chis i s  the first time a canplete borescope has been designed at Sanford. 
Eanford drawings now being prepared will permit the  purchase of uniform 
borescopes and replacement pa r t s .  

It has the  fu r the r  advantage of 

A study was made of photocell cha rac t e r i s t i c s  t o  f ind  photocells su i tab le  
f o r  metisuring microsecond temperature t r ans i en t s  from roan temperature t o  
1000°C. 
complete range. 
cover temperature above 500°C. 
the  s i l i c o n  c e l l .  

An Indium Antimonide detector  under consideration would cover the 

Lenses and mounting have been designed for 
A s i l i con  photovoltaic c e l l  a l s o  being considered would 

Physical Testing 

Services were requested by Canbustion kgineer ing ,  h c .  t o  provide t e s t i n g  
assis tance in connection with N Reactor steam generator engineering s tudies  
present ly  being conducted a t  t h e i r  plant  loca t ions  i n  Chattanooga, Tennessee, 
and Uindsor Locks, Connecticut. 
ccmplete graphical null, eddy current  t e s t e r  and the  necessary auxiliary 
equipment t o  t h e i r  p lan ts  with a W o r d  representat ive qua l i f ied  t o  admin- 
i s t e r  the  t e s t s .  
behavior of intergranular ly  corroded and non-corroded sect ions of steam 
generator tubing under simulated N Reactor conditions of pressure and tem- 
perature.  A re la ted  e f f o r t  a t  Hanford i s  maintaining a quant i ta t ive  t e s t -  
ing program t o  per iodical ly  monitor t he  rate of corrosion propagation during 
the  invest igat ions.  A t  the  conclusion of 100 hours of simulated N Reactor 
exposure conditions, no propagation of corrosion defects  was observed. The 
program i s  continuing. 

This request was honored by shipping a 

A study was i n i t i a t e d  a t  these p l an t s  t o  observe the  

An important del ivery cmmitment was met ahead of schedule when 1200 Zirca- 
lay process tubes were shipped t o  KE Reactor f o r  the retubing program. 
Continued gr i t -b las t ing  of t he  inner tube surface where the  Vanstone flange 
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is  t.urned after reactor  i n s t a l l a t i o n  has f'urther reduced tube f a i l u r e s .  
The cracking of the Vmstone flares a f t e r  i n s t a l l a t i o n  general ly  requires  
discarding that. tube since it is  pre-cut t o  exact reactor  length.  
tubes rejected because of cracked flanges have been reduced t o  less than 
one percent, a f igure subs tan t ia l ly  l e s s  than that associated with the  
duc t i le  durrinum process tEbes formerly used. 

Process 

Radiographic t e s t ing  was successf'ully applied t o  the  unusual problem of 
measuring the in t eg r i ty  of 18 inch rubber diaphragms used in the  air 
opersted valves on the KEE loops. 
defects .  
g o l d - m a i m  ingot and t o  simultaneously inspect inner and outer N f u e l  
closure welds. 
s l i t c e r  blades for IPD tube removal equipment. 

b e  diaphragm exhibited several  i n t e rna l  
Special radiograpnic ltechniques were a l s o  devised t o  inspect a 

Normal techniques were employed t o  assure qua l i ty  of 1600 

A one hundred percent inspection by eddy current methods w a s  canpleted on 
steam generator 4-A at N Reactor. 
2-A was .compiled and presented in a memo report  and d i s t r ibu ted  as 
m-?8258-~ t o  those outside canpanies with contractual i n t e r e s t s  i n  the  
steam generator problem. 
t o  pos i t ive ly  and quickly iden t i fy  an individual leaking tube within a 
steam generator. 
helium mass spectrameter. This test  appl icat ion was made d i f f i c u l t  by the  
f a c t  that the  l a r g e s t  l eak  found was so small that nearly two hours were 
required t o  pass one cubic inch of gas. 
a t  distances of 100 f e e t  from the  detect ing equipment. 

The da ta  f rm the  cmple t e  inspection of 

The techniques and t e s t s  procedu-es were develcped 

The me5hod employs both the u l t rasonic  t r a n s l a t o r  and a 

"his sample was read i ly  detected 

ANALOG COME"ER FACILITY OPERA!FION 

Problems considered during the  month were: 

1. N Reactor Pressurizer.  
2.  N Reactor Primary Loop. 
3. R3CF Hazards. 
4. 
5. c-Column. 
6. 
7 .  

Iodine and Bllurium i n   an. 

C r i t i c a l  Mass Iab  Noise Analysis. 
ElB ( Two-Dimensional Model) e 

Computer u t i l i z a t i o n  was as follows: 
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GEDA 
.L_ 

180 
30 
10 
100 

320 

- 

EASE - 
2% Hours Up 

Hours Scheduled Downtime 

Hours Id le  

26 
8 Hours Unscheduled Downtime -- - 

320 H m s  Total 

The l a5es t  l i a i son  report  indicates  that the  manufacturer may be sanewhat 
ahead of schedule i n  the  construction of the  new cmputer .  
t i o n s  tire. that the computer w i l l  be ready t o  ship by 03tober 29, 1963, about 

Present indica- 

one week ahead of schedule. 

Considerable e f f o r t  was expended in  checking various e lec t ronic  mul t ip l ie r  
t e s t h g  methods f o r  use as  an accegtance t e s t .  
checking the  t e s t s  and writ ing the  step-by-step procedures is approximately 

The work of devising and 

25s canplete. 

A revis ion of the Modified Dig i ta l  Analog Simulator (MIDAS) program was 
received frm Wright-Patterson Air Force Base. The program was revised to: 

1. Handle algebraic loops. 
2 .  

3. 

Remove the  necessity of repeating constant input data f o r  
each run of a parametric study. 
It a l s o  added a curve following function generator canponent. 

The revised MIDAS program was placed on our IBM 7090 SPL Library tape.  
This allows use of the MIDAS program without subslitting a binary deck with 
each program. 
tht w i l l  d i f f e ren t i a t e .  
c u i t s  used f o r  the analog campter  have been found t o  be unsuitable fo r  

Diff icul ty  has been encountered in f inding a MlDAs c i r c u i t  
The conventional impl ic i t  d i f f e ren t i a t ion  c i r -  

t h e  MlDAs system. 

Analog Computer Course 

F i f teen  students attended the  first c l a s s  on analog computer progrannning. 
The c l a s s  meets every Monday night  Dan 4:30 t o  6:30 f o r  t e n  weeks i n  the  
3703 Conference Roam. 

Acceptance t e s t i n g  of 7 s c i n t i l l a t i o n ,  so l id  s t a t e ,  alpha-beta-gamma hand, 
shoe, and clothing contamination counters which were fabr ica ted  o f f s i t e  is  
nuw being done. Several minor c i r c u i t  improvements, developed a f t e r  the  
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contract, a re  being in s t a l l ed .  Three more of these instruments are now 
-being fabricated o f f s i t e  by a d i f f e ren t  manufacturer. 
have indicated in t e re s t  in fu r the r  purchases assuming the i n i t i a l  seven 
instruments perform s a t i s f a c t o r i l y .  

ESrtensive t e s t ing  continued at  105-B Wtilding on the  experimental gamma 
background canpensated beta-gamma hand, shoep and clothing counter. The 
t e s t s  a re  being performed along w i t h  corresponding standard HAP@ counters 
of the  GMtube detector and vacuum tube c i r c u i t r y  type. To date, the 
t e s t  r e s u l t s  have sham the experimental instrument t o  have superior per- 
formance. The canpensated i n s t m e n t  can perform s a t i s f a c t o r i l y  in back- 
grounds f rm 0.5 t o  1 mr/hr;  whereas, the  standard HAP0 counters becane 
m b i e  t c  detect  the  required t e s t  source when the  background exceeds about 
50 pr/hro The counting e f f i c i enc ie s  f o r  the  s t a n w d  HAP0 t e s t  sources 
were 6'5s and ke3$ f o r  the  experimental instrument hand and shoe probes 
and were less than I$ f o r  both probes of the  older -counters. 
o f . the  experimental instrument by f i e l d  personnel has been good. 

Other Hanford groups 

Acceptance 

Review t e s t i n g  was conducted on three  Model I1 Scintrans fabr ica ted  i n  the  
328 Building. Several e r ro r s  and inconsis tencies  were noted. Approxim&teljr 
95 Scintrans a re  now in sa t i s f ac to ry  service on p l an t .  

A review was made of Standard 5-4-2, Health Monitor- Ion Chambers, f o r  
Radiological m i n e e r i n g ,  IPD. It was recommended t h a t  t he  basic  constant 
employed be changed f rm 0.333 picoaqs/mr/hr t o  0.37 picoamps/mr/hr f o r  
t h e  standard HAP0 E-M chamber. 

RS F?3nk;I3F:mcs 

Manager 
PHYSICS AM) INSTRUMENTS LABCIRATQRY 
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CHEMICAL LABORATORY 

RESEARCH AND ENGINEERING 

FISSIONABLE MATERIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Film Adsorption Studies 

The adsorption of P-32 labe l led  phosphate w a s  s tud ied  on aluminum 
surfaces exposed t o  hot process water a t  a pH of 6.6. Untreated 
coupons, laboratory-coated Teflon coupons, commercially-coated Teflon 
coupons, and black Marks-a-Lot ink-coated coupons were compared. The 
coupons were exposed t o  hot flowing process water f o r  t h ree  days 
before t h e  tagged phosphate w a s  added and t h e  uptake w a s  measured by 
be ta  counting. 
Teflon coatings reduced t h e  adsorption t o  one-fourth t h a t  of uncoated 
aluminum surfaces, but t h i s  w a s  much l e s s  than the  reduction of adsorp- 
t i o n  by a fac tor  of 20 which w a s  observed with t h e  black Marks-a-Lot 
i n k  coating. 

Both t h e  laboratory and the  commercially prepared 

* A t e s t  w a s  completed on t h e  e f f e c t s  of c i t r a t e ,  borate ,  oxalate and 
l a c t a t e  ions on reducing the  adsorption of phosphate ion on t h e  
surface of aluminum turnings.  Although l i t e r a t u r e  r epor t s  i nd ica t e  
t h a t  under some conditions these  materials markedly reduce adsorption, 
under the  conditions of t h i s  tes t  (100 ppm addi t ive ,  pH of 6.6, 
contact of solut ion a t  93 C with turnings f o r  two days p r i o r  t o  
addi t ion of a P-32 l abe l l ed  phosphate so lu t ion)  no reduction i n  adsorp- 
t i o n  w a s  observed. 

t 

' t i  

Reactor Water Treatment Studies 

A ca t ion ic  polye lec t ro ly te  made by Black Laboratories under t h e  name 
"CatFloc" was t e s t e d  i n  t h e  laboratory f o r  poss ib le  use i n  t r e a t i n g  
process water. It w a s  found t h a t  0.5 pprn was s u f f i c i e n t  t o  reduce t h e  
ze t a  p o t e n t i a l  of r i v e r  water co l lo ids  from t h e i r  approximate value of 
-16 mv t o  zero. 

' 

e f f e c t  t h i s  same change, This agent was used i n  conjunction with alum 
i n  t h e  laboratory water treatment p lan t  t o  produce water with a zeta 
p o t e n t i a l  of zero a t  a pH of 6.6, and t h e  e f fec t iveness  of removal of 
phosphate ion w a s  determined. 
can be used without reducing t h e  phosphate ion removal e f f ic iency .  
Thus, 0.2 ppm CatFloc can be subs t i t u t ed  f o r  about 1 0  ppm of t h e  a l u m  
and t h e  r e su l t i ng  f l o c  w i l l  s t i l l  be a t  a zeta p o t e n t i a l  of zero f o r  
easy co l lo id  removal, and s t i l l  t h e  removal of i on ic  phosphate w i l l  not 
be reduced. 

It requires  about 1 5  ppm of aluminum sulfate t o  

Up t o  0.2 pprn CatFloc (with 5 . 5  ppm a l u m )  
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The use of act ivated s i l i c a  as a f locculat ing agent w a s  also investi-  
gated. Following l i t e r a t u r e  recommendations act ivated s i l i c a  w a s  
subst i tuted f o r  one-fourth of the alum, 
poten t ia l  of -14 t o  -17 mv, good removal of co l lo ida l  material ,  but 
poor removal of ionic  phosphate. Upon increasing the alum t o  obtain 
a ze ta  poten t ia l  of zero on the  f loc ,  poor removal of ionic  phosphate 
was obtained. Under the conditions used i n  these t e s t s ,  act ivated 
s i l i c a  does not improve the process water w i t h  regard t o  reducing the  
ra6ionuclides i n  the reactor e f f luent  water. 

This resu l ted  i n  a ze ta  

Reactor Tube and Fuel Element Corrosion i n  Deionized -dater 

In reactor  s tudies  of t h e  use of deionized water as a reac tor  coolant 
medium, some in te res t ing  estimates of corrosion r a t e s  can be made 
based on the  Ga-72, ~ i - 6 5  and Na-24 concentrations i n  t h e  e f f luent  
water. With new aluminum tubes and a new f u e l  charge c lad  i n  aluminum, 
rapid corrosion occurs which r i s e s  t o  an almost steady state. I f ,  
a f t e r  discharge of these elements, a new f u e l  charge c lad  i n  aluminum 
i s  loaded, t he  corrosion rate observed when a steady state i s  reached 
i s  l e s s  than w i t h  the f i rs t  charge. 
f u e l  continue u n t i l  about the  fourth loading, a f t e r  which the  steady 
s t a t e  corrosion r a t e  reached i s  about the  same following each new 
f u e l  charge. 
t o  the  f u e l  element cladding corrosion rate only, it i s  possible  t o  
show t h a t  it i s  not only the  corrosion rate of the  tube which changes 
markedly with t i m e  but t h a t  the  corrosion r a t e  of the f u e l  charge 
cladding var ies  somewhat with the  corrosion r a t e  of t he  tube. 
first f u e l  charge the combined corrosion r a t e  appears t o  be about t en  
times t h a t  obtained five or  s ix  fue l  charges l a t e r .  
reduction i n  Ga-72 a c t i v i t y  i s  obtained when Zircaloy tubes a r e  used, 
it seems t h a t  t he  f i lm which bui lds  up on the  tube i s  a cont ro l l ing  
f ac to r  i n  the  r a t e s  of corrosion of both t h e  f u e l  elements and the  tube. 

Further reductions on charging 

Because the  ~ i - 6 5  concentration i n  the  e f f l u e n t  i s  re la ted  

With the  

Since a similar 

Uranium-233 Production Studies 

A computational study has been completed on the  e f f ec t  of nuclear and 
operating parameters on the  qua l i ty  of U-233 which would be produced 
by i r r a d i a t i n g  thorium i n  the  Hanford production reac tors ,  The cal- 
culat ions,  which a r e  reported i n  d e t a i l  elsewhere (HW-78989), led t o  
several  i n t e re s t ing  conclusions: 

1. Additional data  on effect ive cross  sect ions and reac tor  flux 
spectra  a re  required for  accurate predict ion of t h e  various 
quant i t ies  of i n t e r e s t  ( r a t e .  of U-233 production, U-232 content, 
e tc .  and, indeed, even f o r  extrapolat ion from gram-size samples 
t o  fu l l - s ize  slugs. 

1 2 3 3 1 2 1  
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2. The Th-232 ( y , n )  Th-231 process may represent a s ign i f i can t  route  
t o  formation of U-232. 
gsmmas from such react ions as neutron capture i n  aluminum must be 
considered, the r e l a t i v e  importance of t h i s  route  may be c r i t i c a l  
i n  t h e  design of thorium t a rge t  elements. 

Ultra-pure thorium, i . e . ,  thorium very low i n  ionium (Th-230), is 
not required since other  nuclear reac t ions  w i l l  cont r ibu te  U-232 
equivalent t o  t h a t  produced by an ionium concentration of about 8 
ppm. 
on t he  f irst  one-gram s i z e  i r r ad ia t ion  samples. 

Since both f i s s i o n  gammas and capture 

. 

3. 

T h i s  prediction was f u l l y  ve r i f i ed  by t h e  a n a l y t i c a l  results 

These r e s u l t s  fur ther  emphasize t h a t  the  bes t  route  t o  very high qua l i ty  
U-233 is probably v i a  i so l a t ion  and decay of 27-day Pa-233. 
type i r r ad ia t ion ,  with continuous removal of U-233 and Pa-233, and 

schemes would therefore  appear t o  merit spec ia l  R&D a t t en t ion .  

Both loop- 

c lose coupled" ( shor t  i r r ad ia t ion ,  shor t  reprocessing and re fabr ica t ion)  11 

Laboratory work has a l s o  been i n i t i a t e d  t o  e s t a b l i s h  a flowsheet f o r  
hot-cell  processing of f ive  kilograms of i r r a d i a t e d  thorium from a 
current  IPD t e s t .  
determination, v i a  i r r ad ia t ion  of t h r e e  fu l l - s ized  slugs, of some of 
t he  nuclear and r eac to r  parameters mentioned above, and ( 2 )  preparation 
of highly decontaminated gram-size samples of U-233 low i n  U-232 ( 2  1 
ppm). Plan i s  t o  i r r a d i a t e  t h e  aluminum-clad me ta l l i c  thorium slugs 
i n  F Reactor ( i r r a d i a t i o n  cur ren t ly  i n  progress)  for a r e l a t i v e l y  
b r i e f  period of time, cool fo r  about one month, and then t r a n s f e r  t o  

be dissolved ( i n  fluoride-catalyzed n i t r i c  a c i d )  and processed f o r  
separate  recovery of t he  uranirrm and t h e  remaining protactinium. The 
protactinium w i l l  be allowed t o  decay f o r  severa l  ha l f - l ives  and then 
w i l l  be processed t o  recover a sample of U-233 o f  ultra-high pu r i ty ,  
thus providing samples of two po ten t i a l  grades of product. 

This f ive  kilogram tes t  has two object ives:  (1) b e t t e r  

B - C e l l  of t he  High Level Radiochemistry F a c i l i t y ,  where t h e  s lugs  w i l l  c 

SEPARATIONS PROCESSES 

Disposal t o  Ground 

No s ign i f i can t  changes were noted i n  the  radionuclide contamination 
s t a t u s  of t h e  ground water beneath 200-East Area during t h i s  month. 
The gross beta-emitter concentrations beneath t h e  216-~-10 Purex 
process condensate c r i b  have remained f a i r l y  constant a t  about 4 x loo3 
pcB/cc. Strontium-90 r e s  t s  continue t o  be l e s s  than t h e  rout ine  
detection l i m i t  of 7 x 10% pc/cc. 

Only one s ign i f i can t  change was noted i n  t h e  s t a t u s  of ground water 
contamination beneath the  200-West Area. During t h e  pas t  s i x  months 

- 1 . . ..., ' ,. . .  
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t h e  s c t i v i t y  i n  samples from w e l l  299-W22-1 has r i s en  gradually from 
8 x 10-7 pcB/cc t o  the  present l eve l  of 1 x 10-5 u B/cc, Strontium-90, 
present i n  t h i s  well a t  a concentration of 3 x 
i s  due t o  the  continued drainage of the 216-s-1 and -2 c r ib s  which t h i s  
w e l l  monitors. The 299-W22-2 w e l l ,  located approximately 25 f e e t  away, 
has rout inely coutained low concentrations of Sr-90 due t o  c r ib  drain- 
age since 1957. 

uC/cc, evidently 

These c r ib s  were removed from use i n  January, 1956. 

1-131 i n  Plant Processes 

The 1-131 removal efficiency continued t o  decline f o r  a tes t  car t r idge  
of charcoal through which has passed Redox vent i la t ion  a i r  taken j u s t  
ahead of the  sand f i l t e r .  
removal eff ic iency f o r  plant  stream 1-13 of only 35 percent. 
same car t r idge,  however, showed an eff ic iency of 86 percent f o r  mole- 
cular  1-131 introduced i n  the  a i r  upstream of the  charcoal. 
s ign i f icant  increase f o r  molecular iodine removal indicates  t h a t  
adsorptive capabi l i ty  cf  t h e  charcoal has deter iorated more f o r  t he  
non-molecular form than f o r  t h e  molecular form. If t h i s  is  true, it 
must a l s o  follow t h a t  much of t he  1-13 i n  the Redox exhaust a i r  m u s t  
be other than elemental molecular, ye t  a species which can be e f fec t ive ly  
col lected on f resh  charcoal. The observation has not been s a t i s f a c t o r i l y  
explained. One indication i s  t h a t  there  may be two separate  edsorption 
mechanisms operating i n  the  charcoal, The one which controls  the  
removal of other than molecular iodine can be in t e r f e red  with more 
readi ly  than tha t  which controls  elemental molecular iodine adsorption. 

After 38 days i n  use t h e  car t r idge  had a 
This 

The highly 

Elution t e s t s  were c o q l e t e d  on charcoal exposed t o  air from upstream 
of the  sand f i l t e r  a t  Redox f o r  11 days. 
room air containing 20 ppm hexone f o r  23 days did n o t  remove any 1-131. 
It is  unlikely t h a t  poor charcoal eff ic iency results from migration 
of the  I-131through t h e  bed. 

Elution with laboratory 

Trilauryl Amine Recovery of' Neptunium LTd Plutonium from Pwex 1 W W  

In t he  cur ren t ly  favored flowsheet, 0 . l E  oxalic ac id  i s  used t o  s t r i p  
plutonium and neptunium from 0.3 TU-Soltrol  extractant .  3atch 
contact s tud ies  were made t o  deternine t h e  f e a s i b i l i t y  of rout ing the  
oxal ic  acid solut ion t o  the  3A-3C cycle (Purex J-Cell) f o r  separation 
of neptunium from plutonium and f i s s i o n  products. A t  per t inent  flow- 
sheet  conditions, neptunium ext rac t ion  w a s  s ign i f i can t ly  impaired when 
t h e  feed solut ion contained as l i t t l e  as Q.01; oxal ic  acid.  
of oxalate p r i o r  t o  J-Cell ex t rac t ion  i s  indicated i f  the  oxal ic  ac id  
s t r i p  i s  used. 

Destruction 

1 2 3 3 1 2 9  
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In  other  experiments, contact of 0.3 
equal volume of 0.05 
removed greater  than 99 percent of t he  plutonium and 92-94 percent of 
the  neptunium present. 
t o  the  3 A  column i s  under study. 

TLA-Soltrol so lu t ion  with an 
hydroxyl-amine su l f a t e  f o r  one hour a t  60 C 

The u t i l i t y  of t h i s  s t r i p  so lu t ion  as a feed 

Purex Plant Capecity Study 

Methods of increasing the capacity of the  Purex 1 C  column are being 
'evaluated as par t  of an overa l l  p lan t  capacity study. 
t o  replace the ex is t ing  s t a in l e s s  s t e e l  car t r idge  with a graded, 
plastic-and-steel "sandwich" car t r idge,  using l i n e a r  polyethylene or  
fluorothene. 
ra ther  short  service l i f e ,  except f o r  some 3/4-inch p l a t e s  i n  the  
r e l a t ive ly  miid conditions of the  2E column. Fluorothene, on t he  
other hand, has a long l i f e  expectancy but i s  prohib i t ive ly  expensive 
when fabricated i n t o  3/4-inch th ick  p l a t e s  e A "sandwich" car t r idge  
using t h i n  (3/32-inch) fluorothene appears advantageous i f  i t s  per- 
formance compares favorably with t h a t  using th i ck  polyethylene. A 
s e r i e s  of runs i n  the 321 Buildisg experimental C-column have been 
undertaken t o  provide t h i s  comparison. Four prelimincry runs have 
been made with each car t r idge t o  determine t h e  approximate locat ion 
of t he  flooding curve, approaching the  flooding point  by increasing 
the  pulsing frequency at about 10 cycles per minu$e per hour. 

it i s  proposed 

Linear pclyethylene used i n  p lan t  car t r idges  has had 

Additional runs a re  now i n  progress with the  approach t o  t h e  flooding 
point  being decreased t o  two cycles per minute per  h o w  and addi t iona l  
e f f ic iency  observations being made. 
preliminary runs, there  appears t o  be no s ign i f i can t  difference between 
the  performance of t he  two car t r idges and, i f  anything, t h e  fluorothene 
car t r idge  appears t o  perform s l i g h t l y  b e t t e r  than does the  polyethylene 
car t r idge.  Capacities achieved with e i t h e r  sandwich car t r idge,  as 
expected, were well above t h a t  of an a l l - s t a in l e s s  s t e e l  car t r idge.  

Based on t he  r e s u l t s  of t h e  

WASTE MANAGEMENT AND FISSION PRODTJCT RECOVERY 

Extraction of BAME3P by NaOH Solutions 

Measurement of the  extract ion of BAMBP by sodium hy&oxide solut ions 
from organic extractants  a t  room temperature (22-24 C )  and a t  60 C were 
continued. Sodium hydroxide solut ions (0.025 t o  3.0 g) were contacted 
with an equal volune of e i t h e r  0.5 M BAMBP-Soltrol o r  0.5 E BAMBP - 
0.3 M D2EHPA - Sol t ro l  solution. T'i;e BAMBP extracted by the  aqueous 
phase w a s  s t r ipped i n t o  carbon t e t r ach lo r ide  and determined spectro- 
photometrically. 
t he  i n i t i a l  and f i n a l  concentration i n  the  orgaaic phase. Results by 

Loss of BAMBP t o  t h e  aqueous w a s  a l s o  determined from 

1 2 3 3 1 3 0  
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t he  two methods agreed t o  within 80 percent. 
organic phase, room temperature extract ion of BAMBP increased from 
about 0.0035 M i n  0.023 M NaOH t o  about 0.023 g i n  1.2 
Extraction way s l igh t ly  Kigher a t  60 C. 

Without D2MPA i n  the  

NaOH. 

Extraction of BAMBP w a s  less Kith D2EHPA present i n  the  organic and 
ranged from 0.0001 M a t  pH 6 t o  0.012 
temperature and 60 F. 
equilibrium concentrations a f t e r  the contact. 

i n  2 ,7  5 NaOH a t  both room 
Sodium hydroxide concentrations given are  

Strontium-Lead Sulfate  Carrier Prec ip i ta t ion  

A decant procedure w a s  successfully demonstrated t h i s  month on the  
lead su l fa te  c a r r i e r  prec ip i ta t ion  process. After digest ing the 
synthetic Purex-type waste Kith lg su l f a t e ,  pH 1 f o r  one hour a t  80 C ,  
l ead  n i t r a t e  was added at 0.02 8 and the  r e su l t i ng  slurry pumped 
through a decant tank which then overflowed i n t o  the  centrifuge.  
an average holdup time of 50 minutes, t he  supernate from the  decant 
tank contained only 4 percent of the feed strontium. The strontium 
concentration i n  the supernate vas reduced two-fold on passing through 
the  centrifuge,  operated at 1200 G I s ,  f i v e  minutes holdup time. 
Similar r e s u l t s  were obtained with a portion of t he  feed slurry which 
w a s  cooled t o  40 C before pumping through the  decant system. I n  t h i s  
l a t t e r  t e s t ,  reducing the centr i fuge speed two-fold had l i t t l e  e f fec t  
on the  f i n a l  strontium concentration i n  t h e  supernate, even with the 
p rec ip i t a t e  i n  t h e  decant tank del iberately s t i r r e d  up. 

A t  

Treatment of Purex Stored Waste S1udp;e 

Treatment of Purex process s tored  waste sludge with water'and d i lu t e  
n i t r i c  acid has been shown t o  dissolve the  major port ion of the  sludge. 
However, some of the  strontium (5 20 percent)  and most of the i ron 
(70-80 percent) remains undissolved. 
sludge, previously leached with water and n i t r i c  acid,  w a s  contacted 
with concentrated phosphoric acid a t  90 C f o r  two hours, less than one 
percent of the strontium i n i t i a l l y  present i n  t h e  sludge remained 
undissolved. 
removing strontium. 
ment of the r e l a t i v e l y  small volumes of residue l e f t  a f t e r  leaching 
the  sludge with water and n i t r i c  acid and w i l l  be explored fur ther .  

When residue from Tank 203A 

Diluted (1-1) phosphoric w a s  s l i g h t l y  less ef fec t ive  i n  
Such procedures may be p r a c t i c a l  f o r  f i n a l  t r ea t -  

Ammonium Carbonate Recovery 

Recovery of t he  anmonium 
operation of the  zeo l i t e  
technique t o  be employed 

carbonate e lua t e  i s  required f o r  economical 
ion exchange cesium recovery process. 
involves evaporation of t he  3 5 (NH4)2C03 - The 

1 2 3 3 f 3 1  
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2 
Condensation of the  vo la t i l e s  recons t i tu tes  t he  ion exchange e lu t ion  

-reagent.  
most of the data have been assembled. Cooling of the  hot gas stream 
f romthe  concentrator condenses most of t he  ammonia, and up t o  80 per- 
cent cf the  carbon dioxide along with a l l  t he  water. 
of.%he three  components and gas phase react ion of ammonia and carbon 
dicxide takes place. 

Direct absorption i n  a vet ted packing proceeds rap id ly  i n  a r e l a t ive ly  
small packed volume wi th  heats of condensation and react ion la rge ly  
control l ing equipment s iz ing.  
absc-rption tower, the tower s i z e  can be reduced t o  apprcximately one- 
f i f t h  t h a t  required without a pre-condenser 

NH40E solutions with the  vo la t i l i za t ion  of NHgP C02 and water, 

P i lo t  plant  t e s t i n g  of t h e  recovery process is complete and 

Co-condensation 

By employing a condenser ahead of t h e  

The poss ib i l i t y  of the  equipment clogging with ammonium carbonates w a s  
observed on several  occasions. 
t he  condenser during one unsteady s t a t e  operating period eventually 
caused plugging and high pressures in the  concentrator.  
deposits of ammonium carbonate occur whenever cool ( <  140 F), dry  
surfaces a re  exposed t o  high vapor pressures of NH 
ing a i i  surfaces wetted o r  a t  temperatures i n  exceJs of 146 F prevents 
deposits from forming. 

A cool sa tura ted  so lu t ion  produced i n  

Crystal l ine 

and CO Maintain- 

In-Tank Sol id i f ica t ion  

R e s e n t  plans fo r  in-tank so l id i f i ca t ion  of intermediate l e v e l  plant  
wastes c a l l  f o r  evaporation of t h e  waste solut ions by introducing 1200 F 
a i r  i n t o  the  underground tanks. 
annulus, t r ans fe r s  heat t o  the  solut ion,  and induces c i rcu la t ion  i n  
the  tank, act ing as an a i r - l i f t  c i rcu la tor .  A p i l o t  sca le  mock-up of 
t he  proposed in-tank so l id i f i ca t ion  system has been completed and 
placed i n  operation i n  321 Building. The purpose of the  experimental 
uni t  i s  t o  provide information needed f o r  design of the ful l -scale  
system t o  be i n s t a l l e d  i n  a 200-E Area tank. 

The a i r  flows downward through an 

Calcuht ions  have indicated t h a t  t h e  heat t r a n s f e r  coef f ic ien t  a t ta inable  
from a s t r a igh t  annular c i r c a a t o r  as current ly  proposed i s  approximately 
8 Btu/hr/sq.ft/?F', which i s  in su f f i c i en t  t o  cool t h e  hot gas t o  the  
approximately 70C degrees require2 t o  avoid entrainment pkoblems. 
Experimeatal runs conducted i n  a model annular c i r cu la to r  have yielded 
an "h" value i n  the  range 10  t o  12. 
annular surface i s  needed t o  reduce the i n l e t  gas temperature t o  the  
desired -ralue. 
optimum f i n  design. 

It i s  concluded t h a t  a finned 

Calculations a re  now es sen t i a l ly  complete f o r  the  

' /  
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Extraction of A l u i n m  from Redox Acid Waste with D2mA 

Further s tudies  on the extract ion of alminum from Redox ac id  waste by 
D2EIiPA-Saltrol showed tha t ,  a t  60 C and an l / v  of 0.2, t e n  t o  t h i r t y  
minutes' contact time was required t o  reach equilibrium aluminum dis- 
t r ibu t ion .  
percent of the  ea_uilibrium value; d i s t r ibu t ion  of aluminum appears 
su f f i c i en t ly  ra?id a t  60 C t o  ?errnit use of countercurrent extract ion 
equipment. In  five-ainute contacts a t  60 C ,  measured E: values f o r  
extract ion of aluminum from synthztic acid Taste in to  0.55 
0.25 fi "3P - Sol t ro l  varied from G*343 a t  an l / v  of 1.1 t o  52 at an 

A t  three minutes' contact time, measured aluminum E: was 80 

NaD2EHP - 
i / V .  of 0.16. 

Cesium Removal from Alkaline Waste 

Additional pur i f ica t ion  of cesium from ion exchange processing of high- 
l e v e l  wastes by recycle eliminates an ammonium sa l t  scrub and provides 
a product of higher puri ty  and thus higher cesium loadings on t he  
zeo l i t e  storage package. 

The N a / C s  r a t i o  i n  Redox "SX" waste i s  about 45,000. One ion exchange 
cycle produced a solut ion with I:a/Cs r a t i o  of 150 (DF of 300) and a 
second ion exchange cycle resu l ted  i n  a N a / C s  r a t i o  of 1.7 (DF of 88). 
A N a / C s  r a t i o  of 1 . 7  would provide a packaging load on Linde AW-500 of 
2 meq Cs/gram. 
column runs would be required. 

In  the  case of Purex "A" f a r m  s q e r n a t a n t  wastes, the  e lua t e  of t he  first 
cycle of ion exchange has a Na/Cs of 8 t o  10 which i s  sa t i s f ac to ry  for  
packaging, 
carbonate scrub could be replaced by a v a t e r  scrub which would decrease 
e s sen t i a l  n a t e r i a l s  costs  f o r  t he  process by about one t h i r d  as wel l  as 
eliminate concern f o r  dis2osi t ion of the  ammonium containing waste. 
With a water scrub flowsheet the I";a/Cs r a t i o  in the  f irst  cycle e luate  
is  30 (DF of 190) as compaed t o  8 t o  10  w i t h  an ammonium carbonate 
scrub. The second cycle e lua te  had a Na/Cs ra t io  of 0.7 which should 
y i e l d  a packaging load of over 2 meq Cs/gram. 
about one second-cycle run per  20 f i r s t -cyc le  runs would be required. 

Only one second-cycle column run per  140 f i r s t -cyc le  

However, by use of a second ion exchange cycle,  t he  ammonium 

For the  Purex waste 

902 Tank Sludge 

Samples of a white sludge which has accumulated i n  the  CR V a u l t  strontium 
storage tank (002) and which i s  troublesome t o  the semiworks strontium 
pur i f ica t ion  oseration were examined and iden t i f i ed  as a l ead  compound. 
Dissolution w a s  effected by metathesizing w i t h  10  percent caust ic  t o  
red  lead (Pb 0 ) ,  which readi ly  dissolves  i n  2 gHN03, a procedure which 3 4  

1 2 3 3 1 3 3  
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should be sat isfactory f o r  plant  use. Most of t he  Sr-90 associated 
with the  prec ip i ta te  was removed with a water wash p r i o r  t o  caust ic  
treatment and very l i t t l e  w a s  found i n  the  caus t ic  o r  ac id  solutions.  

Sugar Treatment - Effect of Aluminum 

The e f f ec t  of aluminum n i t r a t e  on t h e  r a t e  and stoichiometry, o r  
eff ic iency,  of the sugar destruct ion of n i t r i c  ac id  w a s  examined 
because of Purex Plant i n t e re s t  i n  possible  treatment of ce r t a in  1W 
solutions containing on the  order of 1 ANN. Aluminum was found t o  
exer t  very nearly the  same ef fec t  as i ron ,  20 moles of HNO 
destroyed per mole of sugar i n  t h e  presence of e i t h e r  1 
aluminum (as compared with about 1 2  moles of acid destroyed i n  t h e  
t o t a l  absence of ca t a lys t ) .  
eff ic iency beyond 20 moles/mole f o r  aluminum or  i ron  ( o r  i ron  plus 
aluminum) concentrations greater  than 1 

being 
?,on o r  1 

As expected, there  w a s  l i t t l e  increase i n  

Technetium Recovery 

A plant  t e s t  w a s  made recent ly  a t  the  Furex tank farm, using a resin- 
loaded Shielded Transfer Tank (STT), t o  demonstrate Hanford capabi l i ty  
t o  recover kilogram quant i t ies  of technetium from a lka l ine  Furex tank 
supernate. Although the flowsheet w a s  successful ly  t e s t ed  over a year 
ago with actual  waste i n  t h e  325-A hot cells, f i e l d  analyses indicated 
very poor technetium loading i n  t h e  f i e l d  t e s t .  Experiments have 
accordingly been undertaken t o  resolve the  matter and t o  pinpoint 
whether the  trouble was chemical, mechanical, o r  ana ly t ica l .  Laboratory 
column runs have been made on a very small sca l e  with a sample of the  
ac tua l  feed and IRA-401 r e s in  used at  the  p l an t ,  and with l a rge r  
quant i t ies  of synthetic feed. Aesults have been e n t i r e l y  consis tent  
with e a r l i e r  hot c e l l  experience. Technetium loading from t h e  p lan t  
feed exceeded 90 percent after passage of 25 column volumes. Larger 
sca le  runs with synthet ic  solut ion gave even b e t t e r  r e s u l t s  and 
indicated (1) t h a t  off-standard temperature, a suspect parameter, 
had l i t t l e  or  no e f f ec t  on loading, ( 2 )  t h a t  e levated temperature i s  
ac tua l ly  qui te  benef ic ia l  t o  e lu t ion ,  and (3) t h a t  Tc(IV) i s  absorbed 
Jus t  as e f f i c i e n t l y  as Tc(VI1) [ the  ( I V )  may wel l  be rap id ly  oxidized 
t o  ( V I I )  by the  n i t r a t e  present i n  t h e  feed]. 
supernate havebeen obtained f o r  further s tudies .  On t he  basis of 
r e s u l t s  t o  date  it seems apparent t h a t  f a i l u r e  of the p lan t  test must 
have been due e i the r  t o  the considerably l e s s  than optimum geometric 
configuration of the  STT and/or t o  ana ly t i ca l  d i f f i c u l t i e s  in identify- 
ing and determining technetium (whose long ha l f - l i f e  and very s o f t  
beta  energy makes i t s  analysis  exceedingly d i f f i c u l t ) .  
have been made t o  the  STT and an e a r l y  second attempt a t  loading i s  
planned. 

Ten gallons of tank 

Modifications 

&%.-. - ., . p 
I 2 3 3  I 3 4  
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EQUIPENT AND MATERIALS 

A i r  Pulser Development Studies 

As an a id  i n  the  future  scale-up, design and predict ion of operating 
variables fo r  a i r  pulsers,  a study of important operating parameters 
has been ran on a protatype a i r  pulser  attached to a 12-foot long, 
3-inch diameter, glass  column. 
out OE an &channel Brush reccrder,  using two s t r a i n  gage pressure 
transducers and a s t r a i n  gage flow transducer,  were: pulse l e g  dynamic 
a i r  presswe measured above %he water, pressure a t  t he  bottom of the  
pulse l e g t  and veloci ty  head et  t h e  bottom of the pulse leg.  
of t he  recorded analog data  indicates  t h a t  f o r  a ccnstant pulse frequency,' 
t h e  amplitude var ies  approximately as the  square root of t he  velocl ty  
head, i n  agreement w i t h  hydraulic theory. 
these s tudies  should 3e useful  i n  predict ing pulse amplitude, pressure 
wave shape, and phase l a g  i n  l a rge r  columns. 

The measured parame+,ers which were read 

Evaluation 

The information obtained from 

A i r  F'ulser Control System 

The a i r  pulser  control  system proposed f o r  t he  Plutonium Reclamation 
F a c i l i t y  uses a s o l i d  s t a t e  log ic  uni t  f o r  cont ro l l ing  the introduction 
and venting of a i r  t o  the  pulse leg.  The logic  un i t  supplies power t o  
operate solenoid valves control l ing a i r  flow. 
adjustable  spans of pressure appl icat ion,  pressure hold, vent and stop 
vent,  and has po ten t ia l  capabi l i ty  of c m t r o l l i n g  the  pulsing pressure 
wave shape t o  achieve optimum column eff ic iency.  

The system provides 

A prototype of the  plant  system has been i n s t a l l e d  and t e s t e d  i n  321 
Building. Performance of t he  log ic  Y a i t  has been sa t i s fac tory .  The 
full amplitude frequency capabi l i ty  of  t he  system w a s  not real ized,  
however, and the problem was t raced  t o  excessive pzessure drop i n  t h e  
solenoid valves. Replacement of t he  valves using an a l t e rna te  design 
i s  expected t o  solve t h i s  problem, 
i n  terms of expected solenoid valve l i f e ;  with the  valves operating 
up t o  120 cycles per  d n u t e ,  it may be d i f f i c u l t  t o  a t t a i n  service l i f e  
longer than a few weeks. 

Other po ten t i a l  d i f f i c u l t i e s  ex is t  

Radiation Effects on Temperature Sensors 

Temperature sensors i n  plant  service have been found t o  have unpredict- 
. able  service l i f e  i n  high gamma f i e l d s  and a t  high temperatures. 

study was'undertaken t o  define the cause of the  failures and t o  r e l a t e  
t h i s  t o  radiat ion exposure. 

change i n  ca l ibra t ion  has occurred; however, t h e  insu la t ion  res i s tance  

A 

Two res i s tance  bulbs, with n icke l  wire 
Bo r e s i s t o r s ,  have been i r r ad ia t ed  t o  10 9 R using a . coba l t  source. 

1 2 3 3 1 3 5  
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has decreased by several  orders of magnitude (from 10l1 ohms t o  3.5 x 
107 ohms) i n  one caseo 

-R. An iron-constantan thermocouple f a i l e d  a t  5 x lo8 R; it w a s  observed 
t h a t  the constantan wire (60-40 copper-nickel) w a s  qu i te  b r i t t l e ,  and 
tha t  several  pieces had broken o f f ,  along w i t h  t he  f ibe rg la s s  insulat ion.  

Corrosion of Mild S tee l  Weldments i n  Sodium Nitrate-Sodium Ni t r i te  
Soiut i ons 

Further study of the severe corrosion of weld metal i n  a mild s t e e l  
weldment by 40 percent I?aN03 - 10 percent NaNO 
last month, indicated galvanic a t tack  w a s  respgnsible f o r  the  complete 
deter iorat ion of one weld pass and the  di tching observed in other 
weldments. 
a r i s ing  from a cathodic s ro tee t ion  experiment i n  progress i n  t h e  same 
tank i n  which the  mild steel weldments were exposed. 
duplicate the  a t tack  by NaN03-NaN0 
ments were not successful except &en the  sample w a s  made anodic t o  
the  solution. Even when anodic t o  t h e  solut ion,  weld m e t a l  which 
retained a cas t  s t ruc ture  w a s  not attacked. The annealed s t ruc tu re  
observed i n  t h e  weld pass which w a s  a t tacked w a s  a l s o  observed i n  
areas  where ditching occurred i n  other  weldments. 
weld metal, which i s  r e l a t ive ly  high i n  manganese (so 1 percent) ,  i s  
converted, under ce r t a in  heat treatment conditions, t o  a s t ruc tu re  which 
is exceptionally susceptible t o  anodic a t tack  i n  a lka l ine  n i t r a t e -  
n i t r i t e  solutions.  
weld passes and the  proper conditions t o  produce the suscept ible  
s t ruc ture  occurred only i n  the one weld pass and i n  areas  of o ther  
welds where di tching occurred. 
leading t o  the  susceptible s t ruc ture  are i n  progress. 

Radiation exposure w i l ? .  be c ntinued t o  5 x lo9 

solut ion,  as reported 

The galvanic a t tack  apparently occurred due t o  s t r a y  currents  

Attempts t o  
solut ions i n  laboratory-scale experi- 

Apparently the c a s t  

I n  t h i s  case, heat treatment w a s  due t o  successive 

Further study t o  define the  parameters 

Non-Metallic Materials 

Chemical compatibil i ty t e s t s  were completed on one neoprene and f ive  
s i l i cone  rubbers, This completes chemical compatibil i ty tests on 
rubber samples previously t e s t e d  f o r  rad ia t ion  tolerance.  
r e s u l t s  w i l l  be presented i n  a forthcoming repor t .  

Detailed 

Samples of polyvinylidene f luor ide  were t e s t ed  i n  severa l  so lu t ions  
typ ica l  of t he  Recuplex process. The mater ia l  swelled three  percent i n  
boi l ing 72 percent n i t r i c  acid; swelled one percent in bo i l ing  37 per- 
cent hydrochloric acid,  and w a s  not a l t e r e d  i n  carbon t e t r ach lo r ide ,  
a 50-50 solut ion of l a r d  o i l  i n  carbon te t rachlor ide  o r  a 20 percent 
TBP-CClb solution. 
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Samples cut from a perforated polyethylene p l a t e  have been t e s t ed  i n  
Furex IIAX a t  70 C ( s t a t i c  and ag i ta ted  w i t h  a small a i r  flow). 
s ix  weeks’ exposure the polyethylene was severely embrittled. 
s l i g h t  bend w i l l  cause surface crzks and the  coupons break easi ly .  

After 
A 

AIJALY T I  C A L  AN13 INSTRUMElYTAL CHEMISTRY 

Determination of U-232 and U-233 i n  I r rad ia ted  Thoria 

Uranium-233 and the U-232 t o  U-233 isotopic  r a t i o  were successfully 
determined i n  samples of i r r ad ia t ed  thorium oxide. 
accuracy of 2 5 percent o r  be t t e r  was obtained. 
dissolut ion,  and separation were ca r r i ed  out i n  the Shielded Analytical  
Laboratory. 
HC1 using 0.04 Uranium w a s  separated from thorium, 
Pa-233 and extraneous const i tuents  using anion exchange. 
uranium w a s  assayed f o r  U-233 by two independent methods ( i so topic  
d i lu t ion  and alpha counting) with a between-method agreement of 1: 3 
percent. The U-232 t o  U-233 isotopic  r a t i o  w a s  determined by alpha 
energy analysis using a s i l i c o n  diode detector .  
w a s  used t o  prepare residue f r e e  alpha sources, 
resolut ion of the alpha energy peaks w a s  obtained a t  an alpha r a t i o  of 

A measurement 
I n i t i a l  handling, 

The refractory t h o r i a  was successfully dissolved i n  12 E 
HF as a ca ta lys t .  

The purif ied 

Electrodeposition 
Essent ia l ly  complete 

1 : l ’ j O  O f  U-232 t o  U-233. 

Controlled Poten t ia l  Coulometry 

Work on the  design and t e s t i n g  of an improved mercury-cathode, control led 
poten t ia l  coulometer c e l l  has been brought t o  a successful conclusion. 
The new c e l l ,  i n  which the  major change from t h e  old WO-type c e l l  
is  an increase i n  t h e  dis tance between the  i so l a t ed  electrode and t h e  
mercury working electrode, gives much improved performance. A document 
describing t h i s  work i s  i n  preparation. 

1 2 3 3 1 3 1  
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REACTOR DEVELO?MENT - 04 PROGRAM 

-PLUTONIUM RECYCLE PROGRAM 

S a l t  Cycle Process 

Chloride Contamination i n  UO, - The chloride content of many e l e c t r o l y t i c  
U02 samples of diverse h is tory  has now been determined by means of t he  
highly sens i t ive  amperometric method recent ly  adapted t o  t h i s  purpose. 
It w a s  found t h a t  (1) UO 
readi ly  be prepared by efectrodeposit ion from chlor ide melts under 
typ ica l  laboratory conditions, but ( 2 )  a l l  t h e  samples of e l e c t r o l y t i c  
UO 
108-200 ppm af te r  thorough washing, and a t  least  50 ppm after a pyro- 
hydrolytic treatment w i t h  high temperature hydrogen and steam. 
cause of the  difference between laboratory and p i l o t  p lan t  r e s u l t s  has 
not been resolved, but i s  believed t o  be associated.with differences 
i n  the  l e v e l  of metal l ic  impuri t ies  i n  t h e  melts. 
t h a t  elements such as aluminum, cobal t ,  copper, i ron  and s i l i c o n ,  
present i n  t r ace  amounts i n  the  m e l t ,  tend t o  concentrate i n  t he  UO 
One or  more of these elements may car ry  chloride i n t o  the  deposit .  

containing less than 5 ppm chlor ide can 

prepared i n  p i l o t  plant  equipment had chlor ide contents of a t  l e a s t  

The 

There i s  some evidence 

2' 

Electrochemistry of Uranium i n  Molten Chloride S a l t  Solutions - Experi- 
mental work on the thermodynamic propert ies  of t h e  reac t ion  

UO2 + c12 = UO2C12 

has been completed, anti a paper covering t h i s  work has been prepared 
f o r  presentat ion a t  the October, 1963, meeting of t h e  Electrochemical 
Society. The conclusions are summarized below: 

1. In  general ,  t h e  precision of  t h e  da ta  i s  good. However, uncertain- 
t i e s  i n  t h e  accuracy due t o  possible  junct ion po ten t i a l s ,  t h e  use 
of  s l i g h t l y  off-stoichiometric U02 e lectrodes,  and ana ly t i ca l  e r ro r  
are such as t o  render uncertain any conclusions as t o  t h e  a c t i v i t y  
coef f ic ien t  of uracyl chlor ide i n  molten salt  so lu t ions  o r  as t o  
the  behavior of U02(VI) w i t h  respect  t o  Henryes Law. 

2 .  A roughly constant value of AS w a s  found fo r  t h e  reac t ion  i n  KC1- 
N a C l  and KC1-LiC1 melts of var ied composition, i n fe r r ing  t h e  
existence o f t h e  same UO ( V I )  species  i n  t h e  various melts. Two 
A S  values,  both differen$ from t h e  value found i n  t h e  KC1-NaC1  
and K C 1 - L i C 1  systems, were found i n  two d i f f e ren t  ranges of melt 
composition of t h e  N a C 1 - L i C 1  system. Thus, one may speculate  t h a t  
a t  least two U02(VI) species e x i s t  i n  t h e  N a C 1 - L i C 1  melts,  w i t h  a 
t h i r d  species predominating i n  t h e  other  systems studied. The 
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existence of two d i s t i n c t  uo2(vI)  species i n  N a C l - L i C l  melts i s  
a l so  indicated by t h e  "S"-shaped, potent iometr ic- t i t ra t ion type 
curve obtained by p lo t t i ng  the  EMF f o r  the  react ion vs. t he  N a C l  
concentration i n  N a C 1 - L i C 1  melts of var ied N a C l / L i C l  r a t i o .  

3.  A graph was made of t h e  EMF f o r  t h e  reac t ions  at constant tempera- 
ture  and UO C 1  
po ten t ia l  o? tEe sal t  melt. 
t h e  range of compositions studied, w a s  found f o r  each of t he  th ree  
s a l t  combinations ( NaC1-KC1, NaC1-LiC1,  and K C 1 - L i C 1 )  . The slopes 
of t h e  l i n e s  were d i f f e ren t  f o r  t h e  three  systems, however, increasing 
i n  t h e  order of presumed increase i n  chloride ac t iv i ty .  
apparent from the  r e s u l t s  t h a t  more precise  data,  from a simpler 
electrochemical c e l l ,  w i l l  be necessary before a ser ious attempt 
t o  study chloride e f f e c t s  can be made. 

concentration, vs. t h e  reciprocal  of t he  ionic  
A reasonably l i n e a r  re la t ionship,  over 

I t  i s  

EnRineering Development - I n s t a l l a t i o n  of equipment has been completed 
i n  C - C e l l  of t he  High Level Radiochemistry F a c i l i t y  (325-A Building) 
f o r  t h e  processing of i r r ad ia t ed ,  Zircaloy-clad P u O  U02 f u e l  from t h e  
Plutonium Recycle Test Reactor. The maximum sca le  of operation w i l l  be 
30-pound batches of f u e l  which corresponds t o  one-quarter f u e l  assembly 
per batch. 
LiC1-KC1,  deposited e l e c t r o l y t i c a l l y  as a Pu02-U02 mixture, and prepared 
t o  the  correct  p a r t i c l e  s i z e  d i s t r ibu t ion  f o r  vibratory compaction i n t o  
recycle fuel  assemblies. 

2- 

I n  C - C e l l  the  f u e l  w i l l  be declad, dissolved i n  molten 

Cold runs were i n  process a t  month end. 

Materials of Construction - A cruc ib le  of Crystalon 63 (Norton Company) 
w a s  t e s t ed  as a possible container f o r  fused sal t .  
solut ion of LiC1-KC1 percolated through t h e  c ruc ib le  i n  less than one 
hour. 

An equimolar . 

Plutonium Recycle Fuel ProcessinR Economic Study 

The i n i t i a l  phase of  t h i s  study (HW-77397 C and iIw-77709 C )  covered a 
comparison of close-coupled VS. c en t r a l  p lan t  processing f o r  a 1000 
MWe s t a t i o n  operated a t  14,500 MWD/T and graded f u e l  discharge. 
Results indicated a savings on t h e  order of 0.25 mills/kwh at  a $5 
million plant cos t ,  or about 0.10 mills/kwh a t  an $8 mi l l ion  t o  $1C 
mill ion p l an t  cost .  

Since then t h e  study has been extended t o  explore the  e f f e c t  of 
optimized f u e l  exposure on t h e  savings poten t ia l .  It w a s  found tha t  
savings are reduced when t h e  c e n t r a l  p lan t  and t he  close-coupled 
f u e l  cycles are compared a t  optimum exposure f o r  each system. 
addition, operating revenue f o r  t h e  close-coupled p lan t  is reduced 
because optimum exposures ranging from 20,000 MWD/T o r  higher means 

I n  

1 2 3 3  I 3 9  



, 

C-15 

reduced reprocessing plant  throughput r e l a t i v e  t o  t h e  14,500 MWD/T 
case. 

-can be permitted t o  provide a 0.20 mill/kwh savings, and only $3 mil l ion 
t o  $6 million plant  cost  can be permitted t o  provide a 0.10 mill/kwh 
savings. 

The e f fec t  of low poison decontamination i n  the  recycled fue l  has a l so  
been p a r t i a l l y  evaluated. Recycling one-sixth of t h e  f i s s i o n  products 
i n  t h e  recycled mixed oxide (approximately one-third of t o t a l  f u e l )  
reduces allowable plant  investment by about $500,000 for  a given savings 
or  reduces savings 0.03 t o  0.05 

The net  result  i s  t h a t  only $2 mil l ion t o  $4 mil l ion p lan t  cost 

mill/kwh f o r  a given p lan t  investment. 

A new reac tor  case i s  being developed f o r  evaluation t h a t  represents  
an advanced design water reactor.  
enrichments w i l l  be encountered and (based on t rends  i n  previous data)  
l a rge r  incentives f o r  close-coupled processing may be indicated.  

It i s  believed t h a t  higher f u e l  

Reprocessing PRTR U07-Pu09 Fuels a t  Redox 

Studies aimed a t  developing a sa t i s f ac to ry  procedure for dissolving 
PRTR U02-h02 fue ls  i n  the  Redox p lan t  were i n i t i a t e d .  The studies 
are based on t h e  probabi l i ty  t h a t  sone of t h e  plutonium i n  these  fue ls  
w i l l  remain refractory during i r r ad ia t ion  and be d i f f i c u l t  t o  dissolve.  
Dissolution ra tes  f o r  non-irradiated Pu02 powder (-325 mesh, 95 percent 
t heo re t i ca l  density,  prepared by calcining plutonium oxalate  3-4 hours 
a t  950 C) i n  bo i l ing  8 t o  12.7 M HNO NH4F - 0.0 t o  
0,025 M Al(N0 )3 solut ions were-detehned. The d issc lu t ion  r a t e  i n  
nitric-acid a?one w a s  extremely slow; with added f luor ide ,  t h e  dis- 
solut ion r a t e  w a s  r e l a t i v e l y  rapid (complete i n  30 minutes i n  12.7 
HN03 - 0.05 
ammonium f luor ide  dissolvent ( t o  reduce corrosion of s t a i n l e s s  s t e e l  
equipment) lowered the  dissolut ion rate severely.  

- 0.0 t o  0.05 

NH4F); addition of aluminum n i t r a t e  t o  t h e  n i t r i c  acid- 

RADIOACTIVE RESIDUE TROCESSII3G DEVELOPMENT 

Cold Semiworks Radiant Heat Spray Calciner 

Sub-capacity runs were made with an aspirated,  shielded thermocouple 
t o  obtain b e t t e r  gas temperature p r o f i l e s  i n  t h e  annulus. Preliminary 
calculat ions from i n i t i a l  shielded thermocouple temperature measurements 
f o r  t h e  shortened (4.75 f t . )  draft tube ind ica te  r ec i r cu la t ion  rates 
twice as l a rge  as those calculated from bare thermocouple temperatures 
(3500 lb /hr  VS. 1500 l b /h r )  ‘ Bare thermocouple temperatures were 20 
t o  30 degrees higher than the  shielded probe temperatures i n  t h e  upper 
port ion of t he  column. fioweve 
bottom, r e su l t i ng  i n  no change 

’, t h e  t w o  temperatures agree at  t h e  
i n  t h e  previous est imates  of capac i t ies .  

I O  
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After t h e  f i r s t  three runs, a l a rge  leak through the  cover flange of 
t he  reactor  was discovered. 
a i r  in-leakage by a f ac to r  of s ix .  

Runs made before t h e  leak w a 5  discovered were duplicated. 
of r e su l t s  indicate  t h a t  t h e  rec i rcu la t ion  r a t e  was not a l t e r ed ,  but 
t h a t  comparable gas temperatures were about 40 C lower during the 
leakage, which indicates  t h a t  in-leakage may lower reac tor  capacity. 

Tightening t h e  flange resu l ted  i n  reduced 

Comparison 

Calcine Powder Melter 

The siphon d i s c h a g e  valve i n  the  melter w a s  t e s t e d  successful ly  during 
a 3-1/2 hour run i n  which t h e  melt l eve l  w a s  r a i sed  above t h e  bottom 
of the siphon cup. A vacuum pulse per iodical ly  i n i t i a t e d  below t h e  
melter was used t o  s tar t  t he  siphon causing the  molten product t o  be 
forced out of the valve opening u n t i l  the  m e l t  l e v e l  had dropped t o  
t h e  bottom of t he  siphon cup. During t h i s  run a powder feed ra te  of 
between three  and four pounds per  hour w a s  used, 
t o  reach the  melter capacity, 

No attempt was made 

Denitrator-Eva9orator 

Additional runs were made with simulated Purex waste i n  t h e  deni t ra tor-  
evaporator. 
40 F, the  ove ra l l  heat t r a n s f e r  coef f ic ien t  gradually rose  from 190 t o  
225 3tu/hr-ft2-OF. 
bayonet heater.  After a shutdown of th ree  days, so l id s  had s e t t l e d  
t o  50 percent of the  t o t a l  volume, These so l id s  prevented na tura l  
c i rcu la t ion  and reduced the  r a t e  of heat t r a n s f e r  t o  140 Btu/kr-ft2-OF. 
The so l ids  were not resuspended by excessive bo i l ing  and mild agi ta t ion.  

A f t e r  45 hours of bo i l ing  a t  a temperature difference of 

This rise w a s  l a t e r  a t t r i bu ted  t o  p i t t i n g  of the  

Attempts were made a t  concentrating a type of waste w i t h  high zirconium 
and rare ear ths  content. A f t e r  concentration t o  a boi l ing  poin t  of 
112 C ,  t he  waste w a s  converted t o  a g e l  and could not be boiled.  
run in t h  
Btu/hr-ft'-OF. On a second run t h e  simulated waste began drying out 
near t h e  heater  and so l id s  were baked onto t h e  bayonet due t o  poor 
c i rcu la t ion .  

One 
evaporator a t  110 C gave a heat t r a n s f e r  coe f f i c i en t  of 80 

These da ta  ind ica te  t h a t  ca re fu l  chemical composition and operational 
controls  are required f o r  t h e  successful operation of a deni t ra tor-  
evaporator. 

F i l t e r  Blow-Back Studies 

An experimental study of blow-back cleaning systems f o r  t h e  spray 
ca lc iner  off-gas f i l t e r s  has been i n i t i a t e d  t o  def ine the e f f e c t s  of 
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various parameters on f i l t e r  cleaning. Work t o  date  has been aimed at 
optimizing the  f i l t e r  overpressure ( the difference i n  pressure between 
- the  upstream and downstream faces of t h e  f i l t e r ) .  

Experimental data were col lected using the  same type f i l t e r  and ventur i  
now i n s t a l l e d  i n  the  cold semiworks spray calciner .  
runs t h e  e f fec ts  of distance from t h e  blow-back nozzle t o  t h e  ventur i  
t h roa t  and nozzle s i z e  were invest igated,  Two nozzles (0,bl inch and 
0.16 inch IoDe) were compared a t  constant upstream air de l ivery  pressures 
and a t  constant air  flow rates .  
a steady value 0.2 seconds a f t e r  a solenoid valve opened, allowing a i r  
t o  flow through the nozzle, Overpressure was independent of pos i t ion  
on the  f i l t e r  face,  exce?t within two inches of t he  top  of t h e  f i l t e r  
where the  extension of the venturi  i n t o  t h e  f i l t e r  probably in te r fe red  
with a i r  flow t o  t h e  f i l t e r  face causing smalier overpressures. 

I n  these  f i rs t  

In  a l l  cases t h e  overpressure a t ta ined  

Within experimental e r r o r ,  steady-state overpressure measured a t  t h e  
midpoint of t he  f i l t e r  indicates  l i t t l e  e f f ec t  of nozzle t o  ventur i  
distance when t h e  nozzle i s  from two t o  s i x  inches from t h e  ventur i  
throat .  A t  t he  same flow rate ,  t he  smaller nozzle produced grea te r  
overpressures than d i d  the l a rge r  nozzle. 
i n  t h e  smaller nozzle w a s  sonic,  while t h a t  i n  t h e  la rger  w a s  sub-sonic. 

However, t h e  gas ve loc i ty  

Calcination Studies 

Following several  runs i n  the "cold" laboratory spray ca lc iner  t o  
define conditions which would insure melt production, t h ree  runs were 
made i n  t h e  A - C e l l  spray calciner .  The f i r s t  run w a s  w i t h  a c id i c  
-ex waste plus  orthophosphoric ac id  and a modest sodium n i t r a t e  
addition (0 .3  2) su f f i c i en t  t o  give a f l u i d  m e l t  a t  900 C. 
run w a s  i den t i ca l  except fo r  addi t ion of sugar (100 g / l )  t o  t h e  feed. 
The t h i r d  run was similar t o  The f i r s t  except f o r  subs t i t u t ion  of 
diammonium phosphate f o r  phosphoric acid,  The f i r s t  t 3o  runs were 
qui te  smooth but  nozzle plugging w a s  troublesome on the  t h i r d  as long 
as steam atomization was attempted. A switch t o  a i r  atomization 
eliminated t h e  plugging d i f f i c u l t y  
1.2 percent)  i n  the  f irst  and t h i r d  runs w a s  about t h e  same as i n  
ac id ic  Purex runs without any addi t ives ,  ind ica t ing  l i t t l e  e f f e c t  of 
phosphate, whereas less  than 1 percent of t he  rutnenium w a s  v o l a t i l i z e d  
i n  the  run with phosphate plus  sugar. 
percent vo la t i l i za t ion  f o r  ac id ic  Purex waste p lus  sugar (but  no 
phosphate) and may indicate  a s l i g h t  favorable synerg is t ic  e f f ec t .  
Behavior of  t he  other  f i s s i o n  products w a s  normal, except for a 
s l i g h t  decrease i n  decontamination across  the  ca lc iner  and i t s  associ- 
a ted s in te red  s t a i n l e s s  s t e e l  dust f i l t e r s ,  a decrease which probably 
implies increasing porosi ty  of the  f i l t e r s  (due t o  cor ros ion) ,  In  a l l  
cases,  t h e  t o t a l  off-gas decontamination f ac to r s ,  af ter  passing through 

The second 

Vola t i l i za t ion  of ruthenium (E. 

This may be compared w i t h  3 
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t h e  condenser and Cambridge f i l t e r s ,  exceeded t h e  detect ion l e v e l  of 
108. 
aluminum and similar t o  TBP-25 waste. 
received a t  the end of t h e  month f o r  these s tudies .  

The next planned runs w i l l  use Redox waste, which i s  high i n  
A cask of Redox waste w a s  

Glass Studies 

Caiculations were made, i n  behalf of forthcoming continuous glass  
making experiments, of t he  composition and heat generating r a t e s  of 
glasses  produced from power reactor  fue l s  of r e l a t i v e l y  high burnup 
(20,000 MWD/T). For these wastes, as contrasted t o  current  Hanford 
W e x  waste, the  f i ss ion  products w i l l  cons t i t u t e  an important f r ac t ion  
of t he  waste, and the  heat generating rate ( sho r t  cooled waste) i s  
of t h e  order of 0.5 t o  1 watt/cc. 
cy l indr ica l  storage containers i s  l imi ted  t o  about 6 inches. 

A t  month’s end, the  induction heater  f o r  laboratory g lass  s tudies  was 
operational but ce r t a in  def ic iencies  i n  i t s  design, not previously 
real ized,  w i l l  require correct ion i n  order t o  obtain adequate control  
capabi l i ty .  I n  t h e  meantime, other  equipment required f o r  “cold” 
Dilot  work i s  proceeding with November 1, targe ted  f o r  i n i t i a t i n g  
integrated tes t ing .  

On this basis, t he  diameter of 

Samples of a number of promising high-temperatwe ceramics have been 
obtained f o r  t e s t i n g  with phosphate glasses .  
be possible  t o  subs t i tu te  one o r  more of these  f o r  platinum i n  m e l t  
furnace service.  

It i s  hoped t h a t  it may 

Thermodynamic Properties of Zeol i tes  

Rational thermodynamic equilibrium constants and standard Gibbs free- 
energies were determined f o r  several  synthet ic  zeo l i t e s  and cl inopt i lo-  
l i t e  with the  react ion 

The equilibrium constants of t h e  above reac t ion  f o r  Linde 4AXw, 13X, 
AW-400, AW-500, Norton Zeolon and c l i n o p t i l o l i t e  were 3061, 2.55, 0.351, 
0.478, 0.376 and 1.78, respectively.  Expressed t o  the  nearest  100 c a l /  
mole, t h e  standard Gibbs free-energies were -800, -600, +600, +boo, 
+600 and -300 f o r  hAXW, l3X, AW-400, AW-500, Zeolon and c l i n o p t i l o l i t e ,  
respect ively.  
ing the  chemical s imi l a r i t y  of calcium and strontium. 
t h e  previously reported values f o r  t h e  reac t ion  

The equilibrium constant f o r  4AXW i s  very high, consider- 
Just  as with 
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the  zeol i tes  with the  lower silica-to-alumina r a t i o s  (4AXw and 13x1 had 
the  highest  strontium s e l e c t i v i t i e s .  

Low and Intermediate Level Waste Treatment 

Batch equilibrium experiments were conducted t o  determine the  uptake of 
t r a c e  ruthenium from steam-stripped Furex tank farm condensate by 
various anion exchange resins. The r e s ins  'were based with n i t r i t e  ion, 
t h e  predominant m i o n  (5-10 ppm) i n  the  condensate, 
ruthenium dis t r ibu t ion  coeff ic ients  were obtained with Duolite A-14, 
Amberlite IR-400 and Dowex 1 x 8. Ruthenium adsorption by Dowex 1 x 4 
w a s  l e s s  than t h a t  of Dowex 1 x 8 which ind ica tes  t h a t  increased cross  
linkage favors ruthenium adsorption from t h i s  condensate, 

A six-membrane e lec t rodia lys i s  u n i t  was constructed t o  a i d  i n  deter- 
mining the  r e l a t ive  f rac t ions  of anionic,  ca t ion ic  and neu t r a l  ruthenium 
species present i n  an acid condensate stream, The un i t  w a s  operated 
So t h a t  cat ionic  and anionic ruthenium would be t ransfer red  t o  
individual  concentrating streams i so la ted  from t h e  electrode compartments 
t o  avoid sorption and electrodeposit ion on t h e  electrode surfaces.  

The highest  

In preliminary experiments 90 percent of t he  ruthenium w a s  removed from 
t h e  feed stream; however, only 30-35 percent of  the  a c t i v i t y  w a s  found 
i n  t he  waste l iquors ,  The remainder of t h e  ruthenium w a s  associated 
with t h e  cat ion and anion exchange membranes and could not be removed 
su f f i c i en t ly  t o  allow calculat ions of t he  percent ruthenium which was 
ca t ion ic ,  anionic and neutral .  Pre-equilibration of t he  membranes with 
t h e  feed solut ion d i d  not a l te r  t h e  results appreciably. Possible 
explanation f o r  t h e  observed r e su l t s  is sorpt ion of ruthenium on hydrous 
i ron  oxide since the  feed contains 7 ppm iron.  The i ron  w a s  found 
concentrated on t h e  surface of the  anion exchange membrane, possibly 
migrating there  as negatively charged co l lo ids .  

Several  thousand gallons of  Purex Tank Farm condensate were processed 
through the  engineering-scale s t r i p p e r  t o  determine the  s t r ippe r ' s  
operating cha rac t e r i s t i c s  with ac tua l  feed and t o  obtain stream samples 
f o r  t he  evaluation of the  s t r i p p e r  performance, 
cloudy with a pH of about '7.4 even though samples of t he  tank t ruck 
had been c l ea r  with a pH of  about 9*5. Bottom samples were cloudy with 
a pH of about 9.2 while operating a t  overhead rates up t o  9 percent of 
feed. The feed tank w a s  drained and addi t iona l  f r e sh  feed received f o r  
fu r the r  tes t ing .  

The s t r ippe r  feed was 

The t h i n  bed ion exchanger w a s  precoated using 100 - 230 mesh and 
+lo0  mesh acid-washed c l i n o p t i l o l i t e .  I n  both cases t h e  pressure drop 
across 1/8-inch beds exceeded 20 inches of IIg a t  a flow rate of 0.6 
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gpm/ft2. 
i s  required t o  remove fines.  
t o  precoat the  th in  bed. 
was an acceptable 3 inches of Hg a t  a flow rate of 1 gpm/ft2. 

Apgarentljr, addi t ional  pretrestment of t he  c l i n o p t i l o l i t e  
F i f t y  t o  80 mesh Decalso was then used 

The pressure drop across a 1/2-inch bed 

A comparative cost  enalysis  f o r  ion exchange decontamination and a 
one-stage evaporation process f o r  Purex Tank Farm condensate indicated 
t h a t  the ion exchange process would be a t  l e a s t  $9.50/1000 gallons 
less than the  evaporation process (HW-SA-2968, “Treatment of Radio- 
ac t ive  Condensate Waste ,” by J .M. Skarpelos) 

+@+*??* . : --. - .  
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BIOLOGY AND MEDICINE - 06 PROGRAM 

-TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geolom 

The formation of a computer program e n t i t l e d  "Genpath" is  two-thirds 
con2leted. 
po ten t i a l  d i s t r ibu t ions ,  and (2 ;  determine t h e  in-place permeability 
d i s t r ibu t ion  by evaluating aTpropriate i n t eg ra l s  along t h e  stream- 
l i n e s ,  The program i s  designed t o  permit t he  permeabili ty d i s t r ibu t ion  
t o  be obtained from the  poten t ia l  observations made i n  the  piezometers. 
The permeability, in ?;urn, i s  required f o r  a va l id  analog. 

Resis tors  and other equipment were ordered f o r  t h e  preliminary (662 
nodes) analog. 
check assembly methods, cperat ional  cha rac t e r i s t i c s ,  and t h e  closeness 
which the  information obtained from the  analog model matches the  
ana ly t i ca l  solution, 

The program (1) determine t h e  paths of  flow from steady 

This three-dimensional t e s t  model w i l l  be used t o  

Testing of the  s o i l  colunn packer w a s  s t a r t ed .  
designed t o  check t h e  uniformity of densi ty  within a packed s o i l  
colunn, the  reproducibi l i ty  of densi ty  from column t o  column, and the  
range of bulk density tha t  the  packer i s  capable of producing. 
combinations of feed dr ive and v ibra tor  motors are being used t o  meet 
tne  las t  objective.  
t h e  columns are  then sectioned i n t o  one-inch sect ions,  and the  bulk 
densi ty  i s  determined f o r  each sect ion.  
sand,.have resu l ted  i n  the  bulk dens i ty  of each sect ion being within 
2 1 percent of t h e  mean bulk densi ty  of t he  cc;lumn. 
dens i t i e s  of two columns have var ied no more than 0.1 percent;  thus,  
miformi ty  and reproducibi l i ty  are good. The packer w i l l  be used t o  
assemble columns of "typicai" Project  s o i l s  f o r  unsaturated flow 
parameter measurements. 

The f irst  tes ts  were 

Various 

For each combination, two columns w i l l  be packed; 

Tests conducted, using a f ine  

The mean bulk 

Following computer analysis  of geophysical seismic f i e l d  data ,  and i t s  
in t e rp re t a t ion  by Geophysical Service, Inc, ,  these  conclusions resul ted:  

1. Continuous p ro f i l i ng  by r e f l ec t ion  methods provides accurate  
information on the  depth t o  basalt when coupled with advanced 
computer techniques, 
holes.  Costs a re  high because of t h e  need f o r  computer da t a  
processing and la rge  amount of d r i l l i n g ,  The depth t o  b a s a l t  i s  
d i f f i c u l t  t o  determine when less than 600 feet .  No basalt flows 
beneath the  uppermost flow were iden t i f i ab le ,  

Work proceeds rapidly with pre-dr i l led  shot 

i 2 3 1 1 4 b  
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2. Continuous prof i l ing  by re f rac t ion  seismic methods provides accurate 
information on the  depth to the  Ringold Formation and the  basa l t  
surface. Computer processing of data i s  unnecessary. Surface 
shootifig with inexpensive fe r t i l i zer -grade  amnonium n i t r a t e  i s  com- 
ple te ly  sa t i s fac tory ,  e l iminat ing much d r i l l i n g  and more expensive 
explosives. Occasional " t ie"  holes t o  basalt a re  necessa-ry. No 
basalt flows beneath t h e  uppernost one were iden t i f i ab le ,  A low 
veloci ty  bed d i r ec t ly  above basal;, and ccr re la ted  with what has 
been ca l led  the  "Prosser interbed," w a s  ident i f ied ,  Local horizons 
within the Ringold Formation could not be recognized, 
i n  basalt ve loc i t i e s  from s i t e  t o  s i t e  ap?ear t o  co r re l a t e  with 
d i f fe ren t  flows where they form the  basa l t  sL-face, 

Variations 

3. Geological and seismic data from rotary-dr i l led wel ls ,  including 
t h a t  from e l e c t r i c  and ganma-ray logs 
was excel lent  end permitted good cor re la t ion ,  
fast d r i l l i n g  i n  many s i tes  makes t h i s  an expensive single-method 
system, 

ve loc i ty  surveys and sanples, 
D i f f i cu i t  though 

4. No one method of exploration i s  completely de f in i t i ve  and economical. 
Combined re f rac t ion  p ro f i l i ng  and ro t a ry  d r i l l i n g ,  with thcrough 
logging of d r i l l e d  holes,  appears fastest ,  most de f in i t i ve  and 
most economic a1 

RADIOLOGICAL &?ID HZALTH CHEMISTRY 

Radioiodine Studies 

During a period of above-normal emission r a t e  of 1-131 from a separations 
p lan t  s tack,  samples were t-&en t o  determine t h e  changes i n  pa r t i cu la t e  
and gaseous nature of t h e  1-131 containing species,  Airplane f l i g h t  

'samples were obtained a t  a l t i t u d e s  of 200-500 f e e t  above t h e  ground, and 
at 1, 3, 5,  10 and 25 miles downwind from the  stack. The flow r a t e  of 
a i r  through t h e  sampler w a s  only about one-third t h a t  required f o r  iso- 
k ine t i c  sampling. Data from the  September 3 f l i g h t  showed the material 
t o  be about 80 percent gaseous out t o  the  lO-mile dis tance where it 
dropped o f f  t o  60 percent gaseous, 
sample one m i l e  from the  s tack was 73 percent gaseous while a l i  other  
samples from the  3, 5 ,  15 and 25 mile dis tances  showed grea te r  than 90 
percent associated with the  gaseous f rac t ion ,  Thus, i n  t h e  three 
s tudies  made t o  date  conditions of both increase and decrease i n  t he  
percentages of 1-131 associated with p a r t i c l e s  have been observed, 

On t h e  September 4 flight,, the  

During t h e  same period of a i rp lane  sampiing, a measurement w a s  made of 
t h e  s tack gas using a f i l t e r  pack containing a membrane f i l t e r ,  a s i l v e r  
mesh, a charcoal f i l t e r ,  and a bed of ac t iva ted  charcoal,  Less than 
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0.1 percent was col lected on the  membrane f i l t e r ,  while about one-half 
w a s  col lected by the  s i l v e r  mesh, and one-kalf by t h e  charcoal and 
.charcoal f i l t e r , ,  
only 5 percent of the  I -131 was col lected a t  t h i s  stage.  
indicate  t h a t  about one-half of  t h e  iodine w a s  being released i n  
r e l a t ive ly  non-reactive fcrms, 

When copper mesh w a s  used instead of s i l v e r  mesh, 
These results 

Radiation Chemistry 

Since the  Zhloride ion concentraticn may be l a rge  (on the  order  of 0.15 - M) i n  biological  systems, t he  react ion between the  hydroxyl r a d i c a l  
formed from i r rad ia t ion  and the chloride ion t o  form a chlor ide r ad ica l  
may be an important route t o  structure-damaging react ions,  
dye Cieaching due t o  i r r ad ia t ion  made i n  sa l ine  solut ions show t h a t  
chioride ion does a l t e r  the  competition between t h e  reference dye and 
other  eompomds present f o r  t h e  reac t ive  rad ica ls  present ,  
important s ide  observation, it w a s  found t h a t  chlor ide ion has a 
protect ion index of about O.OOO3. 
l a rge  excess of chloride ion over other solutes  i n  a b io logica l  system 
makes i t s  e f f ec t  important. 

Studies of 

As an 

While t h i s  is qu i t e  small, t h e  

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Par t i c l e  Sampling Studies 

The e r r o r s  i n  sampling zinc su l f ide  p a r t i c l e s  i n  an a i r  stream were 
fu r the r  defined i n  support of meteorology research. With a wind speed 
of 5.2 mph, a sanpling ra te  about 1 / 1 4  i sokine t ic ,  and p a r t i c l e  s izes  
ranging from 3-18 u i n  diameter, t h e  p a r t i c l e s  co l lec ted  i n  t h e  sample 
were from 1,2 t o  2,8 times t h e  number expected from the  ac tua l  air  
volume sampled, 
1/30 i sokine t ic ,  and f o r  p a r t i c l e s  2 t o  18 u s  t h e  p a r t i c l e s  co l lec ted  
were from 2 t o  8,2 times the  number expected frm t h e  a c t u a l  a i r  
volume enter ing the  co l lec tor .  

With a wind speed of 6.9 mph, a sampling rate about 

The geometry of t he  f i l t e r  holder and the  backing media have a s ign i f i -  
cant e f f e c t  on the  sampling e r ro r .  Standard f i l t e r  holders whose 
backing media cons is t s  of a crepe paper s t r i p  r o l l e d  onto a hard wood 
dowei, used i n  the  above study, gave sampling e r ro r s  considerably 
higher than f o r  holders with a tapered f i l t e r  r e t a in ing  r i n g  and 
screen backing 

Gravi ta t ional  deposit ion of p a r t i c l e s  i n  horizontal  1/2-inch diameter 
tubes was measured end compared with deposit ion predicted by equations 
derived f o r  p a r t i c l e s  i n  laminar flow. Single s i z e  p a r t i c l e s  were 
generated with t h e  spinning d isc  generator and t h e i r  deposi t ion pa t t e rn  



measured along the  1/2-inch tube. 
of length was i n  fa i r  agreement w i t h  theory,  although the  maximum 
distance traversed was somewhat grea te r  than predicted from theory. 

Fract ional  deposition as a function 

The deposition i n  goo elbows of a narrow s i z e  d i s t r ibu t ion  of pa r t i c l e s  
w a s  measured f o r  three p a r t i c l e  diameters and f i v e  flow rates, 
elbows were formed i n  standard 1/2-inch aluminum tubing using a bend 
radius of 1-1/2 inch. 
p a r t i c l e s  a t  a flow r a t e  of 0.5 cfrn t o  about 69 percent f o r  2 u 
par t i c l e s  a t  a flow r a t e  o f  2.5 cfm. 

The 

The deposit ion var ied from 0.02 percent f o r  2 u 

I-13i Generator fo r  Field Release Experiments 

h apparatus was designed, assembled an3 t e s t ed  f o r  insuring a uniform 
emission rate  source f o r  1-131 f i e l d  re leases  being scheduled by 
Atmospherics Physics Operation, Controlled re lease  rates are possible 
wheE 1-13 solut ion as K I  i s  fed  a t  a control led rate i n t o  a N a N O 2 0 H  SO4 
system, 
control led releases  are possible.  

Several eqer iments  were perforned demonstrating t h a t  c lose f y 

ISOTOPES 2EVEL3PIEi;T - 08 PROGRAM 

Cerium-Rare Ezrth SeDaration 

Full l eve l  hot c e l l  experiments continued during the  month on the  per- 
su l f a t e  oxidation - D2MPA ext rac t ion  process which was described i n  
d e t a i l  l a s t  month, The experiments (1) b e t t e r  defined the  e f f ec t  of 
s i l v e r  ca ta lys t  concentration and ac id i ty  on react ion r a t e ,  ( 2 )  showed 
t h a t  some ruthenium is evolved from aqueous solut ions (such as Furex 
NW) i n  the  absence of organic, but not i f  organic i s  present ,  ( 3 )  
indicated tha t  Ce(IV) i s  surpr i s ing ly  s t a b l e  i n  the  organic phase i n  
t h e  absence of aqueous-phase ca t a lys t s  o r  complexants, ( 4 )  showed t h a t  
D2MPA has a comfortable margin of rad ia t ion  s t a b i l i t y  for t h i s  use, 
and ( 5 )  f u t h e r  confirmed t h a t  permanganate i s  unsuitable as a cerium 
oxidant due t o  i n s t a b i l i t y  and so l id s  formation. Current work i s  
aimed a t  preventing the  co-extraction of lead with t h e  rare ear ths  i n  
t h e  i n i t i a l  extraction. Preliminary results (Kith Pb-210 t r a c e r )  
ind ica te  t h a t  t h i s  can be r ead i ly  accomplished with HEDTA complexing 
a t  E. pa 2 t o  3. The work on t h e  cerium-rare ear th  separat ion process 
is summarized i n  an invention repor t  (HW-78690) and is  described i n  
d e t a i l  i n  a summary report ,  HW-78987. 

I n  summary, t h i s  simple and compact batch solvent ex t rac t ion  process 
has survived both rigorous hot-cell  tests and a previously-reported 
highly successful Hot Semiworks t e s t  and i s  therefore  es tab l i shed  as 
t h e  method of  choice f o r  separation of cerium from other  rare  ear ths ,  
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both for interim production of either cerium or promethium, and for 
ultimate use in the Hanford Isotopes Production Plant, 

Ion Exchange Purification of Promethium 

TKO very similar, compact-band, chromatographic ion-exchange processes 
(both based on the Ames "cold" rare earth process) have been utilized, 
one at Hanford and the other at Oak Ridge, for the relatively small- 
scale production of very high purity Pa-147, and a comparative evaluation 
of these two processes is desirable to aid in choosing the best flow- 
sheet for large-scale Hanford production use. 
have accordingly been conducted in the laboratory (with a non-radioactive 

effect on each of variables and impurities no t  previously investigated. 
The Hanford process utilizes EDTA as eluting agent at a pB of z0 8.7 
and a metal ion (such as Y+3, A1+3, or Zn+2) for band restraint while 
the Oak Ridge process employs DTPA (diethylenetriaminepentaacetic acid) 
at z, pH 5.9 as eluting agent and hydrogen ion as barrier, Both use 
a similar cascade of columns, a cation resin (such as Dowex-50) 
elevated temperature operation (to improve kinetics), and similar 
operating procedures, 
linked) resin and 80 C operation were used vs. the X-8 resin and 60 C 
operation at Hanford. 

For the comparative runs, the feed was a mixture of Pr+3, Nd+3 and Sm+3 
in equal concentrations and the 110 cm x 0,76 cm2 columns were filled 
with Dowex-SOW,x-8 (50-100 mesh) resin and operated at 60 C and a flow 
rate of 2.8 ml/min-cm2. - M DTPA were used as elutriant, with zinc( 11) as-barrier ion with EDTA 
and hydrogen ion with DTPA. Very precise elution curves were determined 
by accurate spectrophotometric analysis of the effluent samples. Almost 
identically high separation efficiency was obtained with the two eluting 
agents and no choice between them is possible on this basis. It was 
particularly gratifying that X-8 resin and 60° operation seemed to work 

A series of column runs 

7 fission product mixture) to compare the two and to determine the 

In the Oak Ridge runs, X-4 (4 percent cross- 

Either pH 8.71, 0,012 M EDTA or pH 5.94, 0.012 

as 

1. 

2. 

\ 

well with DTPA as with EDTA. Pertinent differences were as follows: 

The rare earth concentration in the DTPA effluent was only about 
one-half that of the EDTA effluents, Since DTPA is approximately 
twice as expensive as EDTA, the cost per unit of promethium would 
be about four times higher. 
offset, however, by cost of the metallic barrier ion used with EDTA. 

In the DTPA system,. lead (Pb+2) and yttrium band with the rare 
earths and will elute with promethium between samarium and neodymium. 
With EDTA, lead passes through the Zn+2 barrier shortly after the 
start of elution and is completely removed from the system by the 
time the band has moved half a band length, 

This reagent cost would be partially 

d233150 



On the  basis of complexing constants and e lu t ion  orders,  it appears t h a t  
HEDTA (ILhydroxyethylethylenediaminetr iacet ic  ac id)  may have most of  t h e  
advantages of both EDTA and DTPA, and runs a re  being i n i t i a t e d  t o  
invest igate  t h i s  system. 

Writing has been completed on a formal repor t ,  Hw-78651, "Development 
and Demonstration of an Ion-Exchange Process f o r  alogr&-Scale Production 
of High-hritjr Promethium," 

Cesium Purif icat ion with 2AMBP 

A f resh  supply of BAMBP w s  obtained and used i n  a highly successful 
solvent extract ion p i l o t  p lan t  demonstration o f  cesium pur i f ica t ion  
process proposed f o r  the  Hanford Isotopes Production Plant  (see HW-77770, 
Fig. 9l0 The feed f o r  t h i s  process contained 0,05 C s + ,  2 Na+, and 
0.4 - M OH'; t he  solvent was 0.5 M BAMB? i n  Soltrol-170, A water scrub 
w a s  used, i n  a separate scrub c&mn,  t o  remove extracted sodium, and 
0.3 
t h i r d  column. 

sulfamic acid was used t o  s t r i p  the  cesium from the  solvent i n  a 

Cesium losses  as low as 0,08 percent and 0.14 percent were obtained i n  
the  extract ion and s t r ipp ing  columns, respect iveiy,  a t  feed/solvent/ 
sc rubls t r ip  flow r a t i o s  of 1/1.5/0.2/0,18. Approximately 1 4  percent 
of t he  cesium w a s  refluxed by t h e  water scrub as it reduced the  sodium 
concentration i n  the  solvent ex t r ac t  from 0,023 g / l  t o  0.005 g / l ,  The 
f i n a l  product contained 0.067 g / l  sodium, giving a sodium-to-cesium 
mole r a t i o  of 0.01 and an overa l l  sodium decontamination fac tor  of 4000. 

A run i n  which the  solvent flow equaled the  feed f low had a comparable 
overa l l  sodium DF and cesium l o s s  i n  the  s t r ipp ing  column but  t he  
cesium ref lux  i n  the  scrub column was 29 percent and the  l o s s  i n  t h e  
extract ion column w a s  about 4 percent. 
believed t o  be the  main fac tor  increasing the  r e f lux  and loss. For 
example, a two-phase sample taken near t h e  feed point was found t o  have 
a d i s t r ibu t ion  r a t i o  of 1.3 with 0.06 cesium i n  t h e  solvent ( a  d i s t r i -  
bution r a t i o  of about 50 has been reported by Bray f o r  t r a c e r  cesium 
under s imi la r  conditions 1 a 

The pulse column used i n  t h e  above t e s t s  contained 12 f t .  of  23 percent 
free area nozzle p l a t e s  i n  t h e  ex t rac t ion  column a n d 1 0  and 9 ft. of 1 0  
percent f ree  area nozzle p l a t e s  i n  the  scrub and s t r ipp ing  columns, 
respectively.  The th ree  columns were operated a t  respect ive column 
ve loc i t i e s  of  880, 550 and 550 gph/ft2, and amplitude-frequency products 
of 65, 74. and 70 in/min, very near t h e  threshold flooding l i m i t s ,  
three columns were run with the  organic phase continuo 

Solvent loading by cesium was 

All  
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RIOLCGY LABORATORY 
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A. ORGANIZATION AND PTSOWEL 

Dr. C. E. Breckinridge, a Senior S c i e n t i s t  i n  the Phanacology Operation, 
resigned on August 16, 1963, t o  accept a pos i t ion  elsewhere. 

D r .  J .  L. Palotay joined the  Biological Analyses Operation as a Senior 
S c i e n t i s t  on September 3, 1953. 

Dr. J. 14. Dean was assigned t o  the  Aquatic Biology Operation as a 
Biological S c i e n t i s t  on Septenber 30, 1963. 

B e  TECHNICAL ACTIVITIES 

Dowell F-33 

Toxicity t e s t s  cf D o w e l l  F-33 on f i s h  are t e n t a t i v e l y  terminated. 
surfacant is curren t ly  being discharged i n t o  t h e  Columbia River on occasion 
t o  clean and ccndition the  pipes a t  IPR. Rough estimate of LDsO for 72 hours 
expcsure i s  about 20 ppm. Acute tox ic i ty  i s  
of ten measured by number of mor t a l i t i e s  observed; however, f o r  t h e  evaluation 
of D o w e l l  F-33, t h e  loss of equilibrium i s  perhaps more meaningful. I n  the  
f i e l d  a ycung f i s h  wi th  a loss  of equilibrium has l i t t l e  probabi l i ty  of 
survival fo r  obvious reasons. Loss of  equilibrium has been q u i t e  variable,  
but  it has occurred a t  concentrations as low as 1 ppm. 

Additional tests were made on trisodium phosphate (TSP) alone and a mixture 
(3~1) of  TSP and Dowell F-33. Loss of equilibrium occurred i n  400 ppm TSP. 

A t  600 ppm TSP t o t a l  mor ta l i ty  occurred within a half-hour. 
o r  loss of equilibrium occurred a t  200 ppm. 
within 2 9  hours i n  a m i x t u r e  of 2c)C ppm TS? and 60 ppn F-33. 
was observed a t  100 ppm TSP and 30 ppm F-33. 

This 

No mortal i ty  occurs a t  5 ppm. 

No mortal i ty  
Tota l  mor t a l i t y  occurred 

No mortal i ty  

Columnaris 

The observations f o r  columnaris on ymng t r o u t  reared i n  t h r e e  different 
t m p s r a t u r e s  ( regular  Columbia River water, +4 F warmer and -b F cooler) 
continues. After l.4 weeks of t es t  the  +4 F group clearly shows a higher 
mortali ty,  but no a?parent difference exists between t h e  regular r i v e r  
temperature group and t h e  -It F grcup. 
considerably smaller than t h e  t r o u t  i n  t h e  other groups. 
mortali ty,  and columnaris incidence data  are sumnarized below: 

The t r o u t  i n  t h e  +b F grcup are a l s o  
The growth, 

Columnaris Avg. 55. 
Temperature of r iv2r  water % Mortal i ty  inctdence ($) (g) 3.3. 

Normal 6.8 1L 12.7 - + 0.5 
hF above normal SO 61 7.3 t 0.8 
LF below normal 

UV treated ' 6.9 1 13.3 - + 1.8 
9.2 22 13.3 2 1.9 
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Aithcugh t c t a l  mor ta l i ty  and cclumnaris incidence have increased i n  most of 
the  troughs during the pas t  f c u r  weeks, it can be seen t h a t  V 7  trcatment cf 
the water g rea t ly  a l lov ia t e s  t h e  ccndition. 

The river water temperature has r i s en  frcm a l o w  of 57 t o  72 P during the  
pas t  30 days. 
creased the incidence cf columnaris and mcr t a l i t y  of  t he  rainbow trout .  
Apprcximately 50% of t h e  mortal i ty  have had external  manifestaticns of t h e  
coiumnaris disease such as dcrsal  saddles, ulcerated pec tcra l  and caudal 
areas. 

The unusually warm water temperatures t h i s  month have in- 

Refrigeration cf the water was a lso  e f fec t ive  i n  reducing mortal i ty  and 
coluniar is  incidence, bu t  with the  cnset c f  warmer r i v e r  temperatures, even 
a reduction cf L F was not enough t o  keep the  incidence down. 

Incidence cf c o l m a r i s  i n  t h e  water samples obtained frcm t h e  troughs 
showed extremely high ccunts i n  the heated water. 
f i s h  seemed evident; hcwever, our t o t a l  mor t a l i t i e s  frcm a l l  causes &ring 
t h i s  period have only ranged from 3 t o  1s f i s h  por day. 
organisms a t  trcugh in l e t s  show t h a t  vem few of them are entering the  
troughs, the increased incidence i s  probably due t o  cross  infec t icn  of t h e  
f i sh .  

A 100% expcsuro of t he  

Since t e s t s  f c r  

Onlytwo of 59 nat ive  r i v e r  f i s h  obtained from slough areas from EIanford 
t o  Yhite Bluffs showed any incidence of columnaris. 
infected and showed bodv les ions,  w h i l e  the  o ther  had no l e s ions  and had 
a very few organisms on the  g i l l s .  
ranged frcm 69  t o  71 F. 

One was heavily 

. 'Jater temperatures i n  these waters 

BIOLOGY AND MEDICINE - 06 PROrJRAM 

METABOLISM, T O X I C I T Y ,  AND TRANSFER OF M D I O A C T F E  U T E R I A L S  

Strcntium 

1 2 3 3 1  

~ ~ 

Among tho fou r  female miniature swine fed  6 2 5 m  S.r9'/day star 
nine mcnths old,  t h ree  succumbed after about nine months of Sr@ feeding. 
The death of these  th ree  animals was associated with hematopoietic failure 
(exhibit ing neutropenia, thrombocytopenia and anemia). The fourth animal 
i s  s t i l l  surviving af ter  16 months of d a i l y  Sr9O ingestion. There are as 
yet no s i G i f i c a n t  radiographic les ions.  Erythrocyte values are within 
the  normal range, while both thrombocyte and neutrophi l  numbers are 
reduced. The re la t ively long sunrival time and apparent good heal th  of 
t h i s  animal increases  t h e  p o s s i b i l i t i e s  c f  observing a death re la ted  t o  
long-term effects (e.g., tumor formation) as compared t o  the  hematological 
causes cf the  early deaths observed previously. 
animals have been studied a t  t h e  higher l e v e l s  of Sr9O i n  es t icn,  t he  long 
surv iva l  o f  t h i s  animal wculd ind ica te  t h a t  a level of Sr8O ingest ion 
s l i g h t l y  less than 625,uc/day would r e s u l t  i n  the long-term surv iva l  of 
a l l  the  animals. 
exhibi t  chrcnic changes and a shortened surv iva l  time. 

ng Men 

Although relat ively few 

A n i m a l s  cn such a l e v e l  of Sr90 inges t icn  would ce r t a in ly  

U NC Lc, SS I FIED 
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Iodine 

The I1j1 level  i n  the  ra t iorsof  th ree  cows cn d a i l y  feeding was 
increased from 5 p c  t o  50 pc i n  p r e p a n t i o n  f o r  s a c r i f i c e  and t i s sue  
d is t r ibu t ion  s tudies .  Concentrations cf 1131 reached a plateau i n  
the  thyreid a f t e r  two weeks and i n  t h e  milk a f t e r  fou r  t o  f ive  days 
and were s i x  times th? concentration previously observed when they 
were fed 5 )Ic/day. 
t o  5 mg/day, tile r e c m e n d e d  d i e t a m  intake.  

A study was i n i t i a t e d  t o  determine the  uptake of radioiodine vapor 
thrcugh t h e  s E n .  Ycung miniature swine w i l l  be exposed and t h e i r  
thyroid uptakes w i l l  be of primary i n t e r e s t .  
.associated equipment i s  almost readlr f o r  US?. 

has been set up and geometry f a c t c r s  have been determined. 

Stable  iodine intake i n  a l l  cows was adjusted 

The exposure chamber and 
Mcnitcring equipment 

Plutonium 

five PC ~ ~ $ 3 9  and/or .s pc o r  1 pc  Pu239 w a s  in jec ted  i n  rats. Some 
of these r a t s  were subsequently t rea ted  with DTPA. 
deposit icn of Pu239 i n  l i v e r  was somewhat higher i n  the  5 pc animals 
than i n  the 1 p c  animals, and deposit ion i n  femurs was lower i n  the  
5 p c  animals than i n  the  1 pc  animals. Elemom1 of h239 from t h e  
l ivers  by DTPA treatmsnt was scm9what less effective i n  t h e  5 pc 
animals than i n  the 1 p c  animals. These r e s u l t s  are i n  l i n e  with 
previous cbsorvations 
was increased s l i g h t l y  i n  animals wh'ch a l s o  received 5 p c  Np239. 
The more in t e re s t ing  r e s u l t s  on Np 2 33 d i s t r ibu t ion  as a f fec ted  by 
simultaneous h 2 3 9  administration, a r e  not  yet avai lable ,  due t o  
d i f f i c u l t i e s  i n  obtaining a properly functioning calculator .  

Percentage 

Thsre was some indica t ion  t h a t  Pu239 re ten t ion  

DTPA administered with zirconium col lo id  o r  i n d i a  ink was no more 
e f f ec t ive  than DTPA alone i r  removing plutonium deposited i n  rats 
7 days p r i o r  t o  treatment. 

Inhalat ion Studies 

Probable t o x i c i t y  of sodium-calcium s a l t  of DTPA 
dogs t h a t  were t r ea t ed  following inha la t ion  cf C e E 0 2  . Dogs received 
1 g DTPA iv on day 1, f c l l m e d  by 0.5 g DTPA plus 4 cc  of 10% calcium 
gluccnate on day 2; and 0.5 g DTPA on days 3 and h e  
ill following t h e  t h i r d  treatment, and one dog w a s  dead on day 60 
Vomiting occurred before death, but no diarrhea.  Autopsy showed 
les ions  of  t h e  stcnach and in t e s t ine .  
low serum a lka l ine  phcsphatase and high ur inary urea ni t rogen levels .  
Following reccvery, treatments with DTPA were continued with no 
f u r t h e r  s,ynptoms. This i s  th? seccnd death of a dcg t r ea t ed  with DTPA, 
the  p r m i o u s  having occurred a year ago under conditions where DTPA 
was suspected but  not d i r e c t l y  implicated, 
DTPA i s  mcre tox ic  t c  dogs than t c  rats s ince  conDarable levels have 
been given rats without apDarent e f f ec t s .  

obswved i n  

A l l  dogs were 

Surviving dogs had temporary 

This may ind ica te  t h a t  
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I n  ea r l i e r  experiments tho retent icn,  trans:ocati.cn, and excret ion of inhaled 
C e 1 b O i 5  as well as the effectiveness of DTPA i n  remcving Cem, were studied 
i n  dogs. t he  n i t r a t e  
with sodium peroxide. Similar s tudies  are i n  prcgress with Ce1h&02 prepared 
by calcinat ion a t  375 C f o r  comparison with r e s u l t s  cbtained i n  s tud ies  with 
3123902 prepared i n  a siiinilar manner. 
resembles the material  t h a t  would be dispersed i n  accidents  which are 
general ly  expected t o  involve high temperatures, t h e  r e s u l t s  of these s tud ies  
should be mcrp, useful than t h e  previous r e s u l t s  f c r  hazard evaluations. 

Ic these s tud ies  cerium oxide was ?repared by oxidizin 

Since t h i s  product a l s o  mcre clearly 

3esul t s  of t e s t s  of aerosol  sampling equipment dcnducted a t  Los Alamos 
ccnfirmed t h e  operational dependability of our Walkenhorst type thermal 
prec ip i ta tor  which was constructed by Technical Shops. 
t he  point  t=, plane type e l e c t r c s t a t i c  prec ip i ta tors  we are a l s o  using 
deposit  aerosol  pa r t i c l e s  d i r e c t l y  on electron microscope g r ids  and shculd 
provide more accurate estimates of p a r t i c l e  s i z e  than t h e  samples col lected 
cn membrane f i l t e r s  and t ransferred t o  the grids.  

T'nis instrument and 

Gastrointest inal  Fkdiati  on I n  j u r y  

An experiment was completed which u t i l i z e d  69 rats t o  test the  usefulness of 
1131-labeled PVP as an ind ica tor  of gas t ro i c t e s t ina l  r ad ia t ion  injury.  
rats were exposed t o  500, 750, and 1000 r X ray c r  150, 175, 225, 275, and 
310 rads  f i s s i o n  neutrons. 
radiat ion.  Fecal ?VP excret ion w a s  dependent on rad ia t ion  dose i n  both the  
X ray and f i s s i o n  neutron i r r ad ia t ed  animals. 
i n t e s t i n a l  permeability effects  of neutron i r r a d i a t i o n  but  did nc t  decrease 
mortali ty.  It may be assumed t h a t  death was due pr imari ly  t o  hematopoietic 
injury.  

- 
The 

The PVP was injected intravenously two days a f t e r  

Cysteine prophylaxis decreased 

Kidnev Studies  

131 
I n  t h e  course of develcpment of a technique f o r  determining t h e  func t iona l  
capabi l i ty  cf the kidneys of sheep and miniature swine using t h e  Hippuran I 
renogram, sevoral  animals were given mercuric bichlor ide intravenously t o  
produce kidney changes f o r  study. 
body weight, resu l ted  i n  death of both sheep and swine wi th in  two hours 
following administration. 
species  and the  sheep manifested a hemorrhagic e n t e r i t i s .  
1 mg/kg showed func t iona l  impairment of t he  kidneys a t  5 hours post-administration. 
This animal was k i l l e d  when death appeared imminent e ight  days after mercuric 
bichlor ide administration, showing severe nephri t is .  A sheep given 0.25 mg 
HgC12jkg had funct ional  impairment of t he  kidneys 30 hours post- inject ion 
with return t o  normal function a t  5 days post-administration of the  HgC12, 
A l l  determinations of kidney f inct ion were made using the  Hippuran 1131 renogram. 
The technique was not wholly sa t i s f ac to ry  i n  the  sheep because t h e  kidneys 
were frequent ly  v e r t i c a l l y  aligned (one on top  o f  t he  o ther ) ,  making it 
impossible t o  detennine t h e  a c t i v i t y  associated with each kidney individually.  

k c u r i c  bichloride,  a t  a level of 1.5 mg/kg 

A severe acute  nephr i t i s  was observed i n  both 
A sheep given 
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The neut ra l  approach fo r  l i g a t i n g  a r ena l  artery or  u r e t e r  i n  
miniature swine was abandoned as impract ical  i n  favor  of a para- 
lumbar approach. 
r i g h t  rena l  a r t e r y  of one lanb and one a d u l t  miniature swine female. 
The Hippuran 1131 renogram was then obtained. These two animals were 
used primarily t o  develop a su rg ica l  technique which W i l l  be expanded 
t o  accluding the  rena l  a r t e ry  and u r e t e r  i n  m-ng degrees. The 
renogram of these animals w i l l  then be compared t o  animals which 
have received r e n o t o d c  agents and Sr90. 

T 3 i s  l a t t e r  technique was then used t o  l i g a t e  t h e  

Cel lular  Pro l i fe ra t ion  i n  Fish 

A t o t a l  of 1,911 ti  
per i tonea l ly  with Cv-thymidine has been assayed f o r  radioact ivi ty .  
Because of the la rge  sample s i z e  t h e  r e s u l t s  are being programmed 
f o r  data processing and analysis.  
f i s h  injected with H 3  thymidine have been blocked i n  pa ra f f in  f o r  
sectioning. 
a t  Oregon S t a t e  University. 

ue samplss from 72 s i l v e r  salmon in jec ted  in t ra -  

Over 950 t i s s u e  samples from 68 

The subsequent autoradiographs will be processed l a t e r  

YL c r obi o l  ogy 

Yeast c e l l s  grown in D20 were previously shown t o  have t h e i r  growth 
and d iv is ion  cycles p a r t i a l l y  dissociated.  
grown i n  &O show decreased RNA, DNA, and pro te in  concentrations. 

Now w e  observed t h a t  c e l l s  
It 

is probable, bu t  not yet demonstrated, 
a consequence of reduced nucleic acid.  
a %O medium and placed i n  H20 medium, 
r e tu rn  t o  normal i n  l e s s  than one c e l l  
c e l l  d iv is ion  ra te  increases. 

P lan t  Nutr i t ion 

t h a t  t h e  decreased protein i s  
When cells are removed from 

protein and nucleic  ac id  contents 
generation. Simultaneously the  

Iodine-131 gas was re leased on the  Atmospheric Physics' g r id  and 
allowed t o  pass over small p l o t s  of rye, pot ted geranium 
the  nat ive plants.  
air as a v e r t i c a l  as w e l l  as horizontal  pat tern.  
randomly sampled over a 16-day period. 
decay, the da t a  give a b io logica l  ha l f - l i f e  of  e ight  days. 
appeared t o  be l o s t  throughout t he  16 days, not  j u s t  during t h e  
period immediately a f t e r  contamination. 

Great care was taken t o  avoid washing the  1131 off  t h e  leaves. 
could have been shaken of f  along with dust  adhering. 
appears more probable t h a t  most of t he  1131 was l o s t  by sublimation 
s ince  a geranium p k n t  was placed i n  a container  through which air  
was  drawn and the  discharge a i r  passed through an 1131 absorber. 
Although the  da ta  were not  quantitated,  it appeared t h a t  t h e  amount of 
1131 on the  absorber was adequate t o  account f o r  a major p a r t  of the  
eight-day b io logica l  ha l f - l i fe .  

so i l ,  and 
A i r  samplers determined amounts of 1131 i n  t h e  

The rye was 
After correct ing f o r  physical  

The 1131 

Some 
However, it 
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Complete calculat ions are a s  yet unavailable, but  it i s  c l ea r  t h a t  
the  center  of th ree  portions of t he  me leaves ccntained t h e  grea tes t  
amcunt of 1131. 
leaves, such t h a t  the  middle portion i s  ac tua l ly  highest  but my a l s o  
be due t o  a reduced mass and surface area i n  t h e  terminal t h i r d  cf the 
leaves. 
yet not  summarized. 

This i s  p a r t i a l l y  due t c  t he  bent over s ta te  of the  

Total deposition, percent removable, and other  data  are as 

Plant Scology 

Field sampling of nat ive forage p lan ts  and game animal p e l l e t s  were 
col lected from the  slue Ibuntain area during the  spring and summer 
months. 
t o  extreme variat ions,  presumably caused by the backgrcund var ia t ion  i n  
the 108 counters. 
i n  distance sampling was completed and d i s t r ibu ted  f o r  redew. 

Moisture content cf sagebrush leaves w a s  observed t o  decl ine from a 
spring value of 70% t o  a low of 50% i n  July and Auqust. 5reasewood 
leaves during t h i s  same period maintained a ccnstant level  of 70-805, 
indicat ing t h a t  t h i s  shrub does not  s u f f e r  water deprivation. 
observations cor re la te  w e l l  with those made by D. IJ. B i l l ings  and 
ind ica te  that greasewood i s  tapping a ground water scurce which i s  about 
3G f e e t  underground. Sagebrueh, on t h e  o t h e r  hand, is unable t o  
penetrate  t o  such depths and so  depends on the annual rainfall  r” e s erve s 
which are gradually depleted during summer drought. 

b d i o a c t i v i t y  analyses have been impossible t o  in t e rp re t  due 

A draf t  of a manuscript on thec re t i ca l  considerations 

These 

. Radioactivity of Alaskans and Their Diet 

Wh.ole-body counting of northern Alaskan res idents  was completed with 
the  examinaticn of 120  people a t  ?cint  Hope and 157 pecple a t  Kotzebue. 
Recounts of adult nat ives  examined during both 1962 and 1963 shared t h e  
following results : 

Cesium-137 body burden (nc) 
Number of Average I J h i m U m  

persons 

Point Hope 59 44 L4 89 

Kot zebue 36 l40 150 520 750 

The subs t an t i a l  increase i n  Cs137 body burdens among Point Hope res idents  
resu l ted  from g rea t e r  a v a i l a b i l i t y  of caribou and g rea t e r  Cs137 concen- 
t r a t i o n s  i n  caribou f l e s h  during 1963 as compared t o  1962. 

Collection of samples of l a rge  mammals u t i l i z e d  as food by the native 
people of Alaska was begun during the  middle of July. Samples of muscle, 
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bone, and rumen contents from f r e s h l y  k i l l a d  caribou, reindeer, and 
moose were obtained f c r  measurement of f a l l o u t  radionuclides. 
addition, samples of p lan ts  important as food of these  animals during 
the  season i n  which they were col lected were a l s o  obtained f o r  
radioanalyses. 

Reindeer were sampled a t  St .  Paul Is land and Nunivak Island; caribou 
were collected a t  Noatak and Cape Thompson, and moose w e r e  taken along 
t h e  Kobuk River and near For t  Yukon. 

Arrangements were made f o r  obtaining add i t iona l  samples of p lan ts  
and animals during t h e  coming f a l l  and winter.  

No data  on the levels of f a l l o u t  radioisotopes i n  t h i s  material are 
ava i lab le  a t  t h i s  time. 

I n  

BIOLOGY LABORA~ORY 

HA Kornberg : es 

UNCLASSIFIED 
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TECHNICAL INTERCHANGE DATA 
BIOLOGY LABOFATORY 

I. Speeches Presented 

a. Papers Presented a t  Society Meetings and Symposiums 

None 

b. Seminars (Off-Site and Local) 

Bair, :.J. J. Plutcnium inhalat ion studies.  Laboratories Du Centre 
D' Stude d e  Ll Energie Iilucleair, Mol, Belgium. Septelnber 2, 1963. 

C. Seminars (Biclogy) 

Kornberg, H. A .  Information meeting cn t h e  Biology program. September 10, 1963. 

Palmer, 3. F. 

Trdman, E. T. X-rays and f l o u r  beetles. September 19,  1963. 

Available services  of Biological AnalFes .  September 10, 1963. 

h i s i n ,  J. R., %rector,  Biolo,zy Department, Centre D'Ztude de l ' zne rg ie  
Nucleaire, Mol-Dcnk, Belgium, 
compounds. September 2 5 ,  1963. 

Yichanism of ac t ion  of  radioprotect ive 

Matchett, 14. H. Tegulation of trypotophane metabolism,. September 26, 1963. 

d. Miscellaneous 

Bustad, L. K. Large a n i d  rad ia t ion  biology. Hanford Kiwanis Club. 
September 30, 1963. 

11. Articles Published 

a. HW Documents 

None 

b. Open Li te ra ture  

Casey, H. W., R. 0. PIcClellan, "I. J. Clarke, and L. K. Bustad. 1963. 
Acute tcx ic i ty  of neptunium-237 and i t s  re la t ionship  t o  l i v e r  funct ion 
i n  sheep. Health Physics 9': 827-834. 

Erdman, H. E. 1963. The d i f f e r e n t i a l  s e n s i t i - i t y  of f l o u r  beet les ,  
Tribolium confusun and T. castaneum t o  X-rav a l t e r a t i o n  of 
reproductive ab i l i t i e s ,  induced dominant l e t h a l s ,  biomass and 
survival .  J. Exptl. Zoology, July 1963. 
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111. Visits and Visi tors  

a,  Visits t o  Hanford 

9/10/63 - Ronald Pine, Washington S t a t e  Pol lut ion Commission, 
Yakima, Washington, returned sampling equipment 
t o  C. E. Cushing and discuss  research. 

9/19/53 - 35 m a b e r s  of the  USDA County Defense Board toured 
Biology f a c i l i t i e s .  

9/19/63 - Cclumbia Basin Federal Safe ty  Council toured Biology. 

9/20/63 - Kiss 21arie Churney, I n s t i t u t e  f o r  Fresh-water Studies, 
Bellingham, Wash. toured Biology. 

9/2b-25/63 - Dr. J .  R. I b i s in ,  Director, Biology Department, 
Centre DlEtude de 1 'Energie Nucleaire, I;lol-Donk, Belgium, 
presented a seminar and discussed research with 
~ r s .  Id. J. Bair and 3. C. Thompson. 

9/24/63 - 29 Ikpartment of Defense o f f i c i a l s  from various U. S. 
Defense i n s t a l l a t i o n s  tcured f a c i l i t i e s  and reviewed . .  ;.?e Biology program. 

9/27/63 - Dr. S .  L. Fawcett, Battelle 
Ohio, toured f a c i l i t i e s .  

Wemorial I n s t i t u t e ,  Columbus, 

b. Visits Off-Site 

6/20-9/7/63 - W. C. Hanson conducted research i n  Alaska. 

7/15-9/7/63 - 
9/b/63 

D. G. Watson conducted research i n  Alaska. 

- L. L. Eberhardt and W. H. Rickard col lected vegetation 
on a f a l l o u t  sampling program a t  t h e  Wooten Game 
Range, Davton, 'dashington. 

- V. G. Horstman inspected feed a t  t he  Pendleton Grain 
Growers, Hermiston, Oregon. 

9/L/63 

9/2/63 - V. J. Bair presented a seminar a t  t h e  Centre D'Etude De 
L' Snergie Nucleaire, Plol-Dank, Belgium, and discussed 
research with Dr. Maisin. - W. J. B a i r  discussed research with Drs. Nelson, Sisfsky, 
and Bjornerstedt a t  t h e  Divisicn of  Fbdiobiology, 
I n s t i t u t e  of National Defonce, Stock\lclm, Sweden. 

Prof . Ruch, Tlniversity of  'i.Jashington, Sea t t le .  

9/L-5 

- L. X. Bustad discussed rad ia t ion  s tud ie s  with 9/5  
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9/9-10/63 - 1,. K. ?ustad and 3. 2. &Clellan attended the  annual review 
cf t he  University of California rad ia t ion  s tudies  
a t  Davis, California,  

9/9-i3/63 - J. r". Cline inspected labcratcrv I 'acilities a t  the 
University of  Cal i fcrnia  a t  Berkeley and Lcs Angeles; 
and a t  Lovelace Fcundation, Albuquerque. 

I V .  Achievements - None 

V. Honors and 3ecognitions 
Dr. L. K. 3ustad was inv i ted  t o  become a member of the  AdvisoFJ Committee 
on the  American I n s t i t u t e  of Biological Sciences mcnograph se r i e s ,  v ice  
D r .  C. L. Comar who r e t i r e d  from t h e  committee t o  accept an appointment i n  
Yugoslavia. Chairman of  the  committee is Dr. A .  IT. 3rues of ANL; other  
members include D r .  2 .  C. Pol lard of Pennsylvania S t a t e  University and 
Dr. C. 7. Shi l l ing  o f  George llashington Ihivers i ty .  

Nons 
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APPLIED MATHEMATICS OPERATION 

MONTHLY REPORT - SEPTEMBER, 1963 

ORGANIZAmON AND PERSONNEL 

D. C. Gray and M. B. Woodroofe terminated September 13 t o  re turn t o  school. 
D. E. Hudson terminated September 26 t o  join the Peace Corp. 

OPERATIONS RESEARCH ACTIVITIES 

Work continues on an improved information and analysis  system f o r  outage 
scheduling of KW and H Reactors. 

A meeting w a s  held concerning the  application of operations research t o  cer ta in  
inspection operation problems. 
presented during October. 

A study of HAPO power consumption pa t te rns  has been i n i t i a t e d .  
analysis  w i l l  be l imited t o  FY-1963 data. 
analysis ,  a decision on proceeding with a f u l l  ana lys i s  w i l l  be made, 

The Tri-City-Area Economic Model i s  being used t o  t e s t  various assumptions 
about the Area's po ten t ia l  over the next five-year period. 

A proposed operations research study i s  t o  be 

Preliminary 
Upon completion of the preliminary 

STATISTICAL AND OTIIER MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS 

N-Reactor Department 

A design model was formulated 
the  precision of the measurement of c lad thickness of fuels. 

In connection with a proposed f i r s t - load  f u e l  swelling study, a se t  of curves 
w a s  generated t o  depict  minimam.sample s i zes  as a function of percentage 
swelling and measurement precision. 

and an i n i t i a l  plan submitted f o r  monitoring 

The problem of inconsis tent  r e s u l t s  i n  tests of outer  fuel support s t rength 
w a s  s tudied,  a procedure w a s  suggested which w i l l  assist i n  ident i fy ing  
important "factors", and should l ead  t o  a control led sequent ia l  t e s t i n g  
program. 
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I r rad ia t ion  Processing DeDartment 

An EDPM pragrain was written which calculates  t h e  real  roots of a cubic polynomial 
which has parameterized coeff ic ients .  
chemical tab le  used i n  water pu r i ty  work, 

The r e su l t s  have been used t o  assemble a 

Four cal ibrat ion curves f o r  the probolog were developed giving a chart reading 
as a f’unctlon of known standard tube wal l  thickness values. In pract ice  the  
tube w a l l  thicknesses are estimated from t h e  chart value so t h a t  t h e  regression 
l i n e  i s  used i n  reverseo A program i s  being developed f o r  the computer t o  
d e t e d n e  95 percent confidence limits f o r  the estimated w a l l  thickness when 
the chart  reading i s  known, 

D&a frcm eight t e s t s  under varying tube wal l  thickness conditions are being 
analyze5 t o  see whether factors  such as probe 
pressu=e i n  bellows a f f e c t  the probolog readings , 

speed, water flow in tube, air 

Analysis of a technique t o  measure the  amount of UAL around a transverse cut 
of a f u e l  element indicated good measurement r e p r o d u k b i l i t y  r e l a t ive  t o  the.  
varititian around a cut and the var ia t ion  between f u e l  elements, 

Data from a technical  journal giving the melting point  of an a l loy  composed 
wholly of Zn, Sn, and A 1  are  being analyzed with the  objective of determining an 
adequate empirical funct ional  re la t ionship  between the variables within a ce r t a in  
region of in te res t .  

Stud p u l l  r e su l t s  were used t o  compare severa l  methods of deoxidation i n  the 
preparation of nickel-plated cores used in the hot-die-sizing canning process , 
Large sources of var ia t ion such as t he  var ia t ion  between f i e 1  elements aad 
between repl icated conditions made t h i s  test  insens i t ive  t o  detect ing small. 
differences.  
abandoned without fur ther  experimentation 

it w a s  recommended, f o r  economic reasons, t h a t  the t es t  be 

Further predimensional data  .are, being analyzed t o  compare the  process control  
charac te r i s t ics  of AlSi and hot-die-sizing canned fuel elements, 

The e f f e c t s  of the  t i m e ,  tezuperature, and pressure var iables  on the i n t e r n a l  
diameter s tud  p u l l  values f o r  f i e 1  elements canned by the hot-die-sizing process 
are being analyzed. 

An analysis  indicated t h a t  t he  average p u l l  s t rengths  of rails  were s ign i f i can t ly  
higher f o r  fuel elements cleaned by soap as compared t o  o i l ,  although i n  general  a 
few values f e l l  below the minimum pull-strength specif icat ion,  The difference 
Setween welder heads w a s  a large and s igni f icant  source of p u l l  st rength varia- 
t i on ,  

. 
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A considerable amount of data has been obtained on e igh t  f u e l  element bond 
in t eg r i ty  var iables  as a function of t he  furnace temperature (four  l e v e l s )  
and pre-heat time (four  levels) .  
of the e ight  y i e ld  variables.  
optimized with respect t o  t h e  var iables  individual ly  and as a group by 
normalizing each y i e ld  measurement once the  mean and standard deviation i s  
known and farming a y i e ld  variable found as t h e  sum of t h e  normalized y i e l d  
va r i  ab i e  s , 

A response surface i s  being f i t t e d  t o  each 
The analysis  w i l l  show how t h e  process can be 

Accident data, dating back to 1957,are being analyzed t o  compare seasonal 
and yearly frequency rates,  An objective is t o  determine a frequency rate 
as a fxnztlon of t h e  year and/or the  season so  t h a t  confidence 11&ts can be 
placed on t h e  number of accidents expected as a ftmc2lon of the  conditions 
and exposure hours 

A s t u a  w a s  done on the probabi i i ty  t h a t  qurious scram s i t a s t i o n s  c m  re su l t  
as a function of the number of individual  tube s igna ls  which f a i l  within a 
temperature monitoring zone. 
somewhat smell-scale simulation of  the processc However, a larger, more 
complete analysis i s  being planned. 

The study i s  at present t e n t a t i v e ,  based on a 

A n  analysis  showed t h a t  no simple empir ical  formula w i l l  f i t  t he  re la t ionship  
between t h e  sp i r e  canning component and t h e  t i m e  t o  reach var ious degrees of 
heat In a bath. 
confidence limits on the  times t o  reach various temperatures were caiculated,  

For t h i s  reason, the  average s t e n d v d  deviazions and 95 percent 

Chemical Processing Bpartment 

A meeting of s t a t i s t i c a l  personnel from a l l  si tes r e q d r e d  t o  submit quarter ly  
reports  cer t i fy ing  compliance of weapon components w i t h  chemicai pu r i ty  speci- 
f i ca t ions  w a s  at tended a t  Rocky Flats .  An informal repor t  of comments of 
i n t e r e s t  t o  other  groups i s  being prepared, 

A review of t he  current s t a tus  of a l loying 
ind ica ted  the f e a s i b i l i t y  of decreasing frcm three t o  two samples per cast ing,  
however part-by-part acceptance w i l l  be rethined. The plLtonium assay w i l l  
be changed fran part-by-part t o  a random sample with the  re ten t ion  of a l l  
samples from cast ings no t  analyzed t o  permit use o f  part-by-part acceptance 
i f requi re de 

const i tuent  (70-58) cont ro l  

An informal discussion was he ld  with wespon inspection personnel regarding 
the f e a s i b i l i t y  of be t te r  defining the data co l lec t ion  and operating systems. 

Work on t h e  requirements f o r  a highly s implif ied "analog" model of' t h e  over- 
a l l  "z" Plant  i s  continuing, 
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A reviei? is being made of the need fo r  a sampling ver i f ica t ion  program fo r  CPD, 

S T S T  *L-LL.A1;: qv7 +- -43D MAZJGMATICAL ACTInTIES WITHIN HL -- 

Debuggxg :cr,r;irrued on the  FORT'RAN language program for t he  s'olution of the 
bocnciwy -.she formcletion of t h e  nonlinear system of second order d i f f e ren t i a l  
equa t ims  exTressicg mass t r a a s f e r  i n  the experimental pulse column. Test data 
from a n i i i e  compartment i inear  approximation t o  t h e  second order nonlinear system 
are being used t o  debug the FORTRAN routine. Debug output indicates  the presence 
of excessive rvxAd-off e r r o r ,  a common problem i n  recursive type calculations 
invoL-rkg i.-epeated matrix inversions and matrix product operations , I n  order t o  
pinpcint r2c numerical d i f f i c u l t i e s  double precision routines a re  being used fo r  
the debug wcrk. 

Mathematfzal assistance i n  the form of enalysis  and numerical computations was 
provided t o  a stcdy of r i v e r  bank storage and depletion theory, 

Assistance is being given in estimating the  t o t a l  amount of Pu i n  a c r ib  based 
OE gm-Pu/'lj.ter of ear th  sampled i n  several  holes a t  various depths below the  
crib. No r e a l  pat terns  of ?u k n s i t y  gradients emerge from these  data so t h a t  
the uncertainty i n  the t o t a l  Pu estimtite must needs be l a rge ,  

Considerzbk effort i s  being devot.ed t o  debugging and checking out the EDPM 
program which prepares magnetic tepe input for the prototype Sheff ie ld  rotary 
contour quge .  This i s  i n  ant ic ipat ion of impending on-site f i e l d  t e s t s .  

Recent Theoretical and experimectal developments i n  t he  f i e l d  of sound wave 
propogation and attenuetion in visco-elast ic  media were discussed with 
Professor Leon Knopoff a t  t h e  UCLA I n s t i t u t e  of Geophysics. These discus- 
sions were motivated by modeling d i f f i c u l t i e s  which arise i n  studying non- 
destructive materials t e s t i n g  techniques . 
Discussicas were held wit.h a representat ive of Babcock and Wilcox, F b l  
"klelcent Reeeerth , rnchburg ,  Pennsylvania, on the subject of mathematical 
models and pa r t i c l e  packing. 

Prelimincry experiments t o  evaluate a blow back f i l t e r  cleaning system as a 
Amctior. of  venturi geometry, and spac ia l  and ambiant var iables  w a s  run and 
s ta t i s t ica l  analysis completed of the experimental data. As a r e s u l t  of t h i s  
analysis, estimates e re  now ava i l sb le  of t he  apparatus set up e r r o r  and the 
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basic  reproducibil i ty of over pressure measurements, 
e r ro r s  are  'necessary t o  insure t h a t  future  experiments w i l l  be designed i n  
suf f ic ien t  d e t a i l  t o  delineate the propert ies  of  the system. It i s  desired 
t o  maximize over pressure. f o r  f ixed primary a i r  volume. Since primary air 
volume cannot be regulated d i rec t ly  t h e  relat ionship between delivery pres- 
sure and primary a i r  volume must be determined p r i o r  t o  the  design of more 
experiments . 
f o r  several nozzie diameters, 

Estimates of these 

Current e f f o r t s  are directed toward de tgrdnhg t h i s  re la t ionship 

A study, based on a quadratic model i n  both graphite temperature and water 
temperature - t o  predict  incremental r eac t iv i ty  f a i l e d  t o  separate the two 
temperature e f fec ts  because of the high correlat ion between water k d  graphite 
tempera%ure 
job of predict ing incremental r eac t iv i ty  but nothing i s  gained by combining 
them In  9 model and indeed computational d i f f i c u l t i e s  are  introduced. 

Ei ther  water or  graphite temperature alone does an excellent 

Weekly discussions are  being held t o  coordinate Applied Mathematicsc e f f o r t  
i n  quant i ta t ive metallography research w i t h  the  current  d i rec t ion  of ' the 
sweUing study program. Present e f f o r t s  are  d i rec ted  toward canpleting the  
HW foAmal report  which describes t h e  quant i ta t ive  metallographic techniques 
derived i n  the last  several  years by Applied Mathematics for spec i f i c  use i n  
evaluating shadowed negative rep l ica te  e lectron microscopy photographs , 

I 

Routine analysis  of inclusion data f o r  void f rac t ion  and void density estima- 
t ion  continues. 

Several meetings were held t o  obtain information f o r  designing a data r e t r i e v a l  
system f o r  the R E M  f i l e .  

$000 ProRram 

Work continued on the  calculation and in t e rp re t a t ion  of channel group prob- 
a b i l t t i e s  .used i n  GEM calculations f o r  the I R A  f i l e ,  

A s t a t i s t i c a l  method w a s  devised fo r  in te rpre t ing  l a rge  chi-squares i n  GEM 
program f i t s  i n  the l i g h t  of high count r a t e  data. The method takes i n t o  
account uncertaint ies  i n  standard p robab i l i t i e s ,  var iable  background and - 
instrument d r i f t ,  The =an square e r r o r  i n  individual  nuclide estimates 
can a l s o  be calculated as a function of these instrument anomalies. 

The f i n a l  d r a f t  of an HW formal repor t ,  ''Fixed Time Estimation of Counting 
Rates with Background Corrections" is  being typed by lkchnlcal  Publications.  . #  

The main ca lcu la t iona l .  subroutine. of .  t h e '  I R A .  f i l e -  updatmg program w a s  
reprogrammed and checked out during the  month. A program w a s  wr i t ten  and 
debugged t o  obtain spec ia l  I R A  reports.  The program displays data  i n  a 
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form whi& w i l l  be usefu l  i n  evaluation of pas t  data and i n  guiding future  data  
a cqui s i  +, I on . 
Ycrk progressed on the  program.to index crys ta l s  for t h e  ac t in ide  research pro- 
ject. 

PO ram 

Considerable experience has now been gained on t h e  Monte Carlo-based diffusion 
study. 
f o u d  in ,-t.her models. 
scheme Sased en a modificed diffusion equation, 
wr i t ten  and are being used t o  generate sample data, 

A computer program w a s  wr i t ten  t o  record data  and calculate  cer ta in  fac tors  f 
the  &+,a of an experiment invest igat ing c e l l  p ro l i f e ra t ion  i n  salmon using C 
thymidine. The study concerns t h e  or ig in  and migration of c e l l s  i n  several 
t i s sues  r,f year l ing s i l v e r  salmon, 

Preliminary results appear t o  exhibi t  desirable  cha rac t e r i s t i c s  not 
Simultaneously, work i s  progressing on another numerical 

Several  EDPM programs have been 

rem 

An experiment w a s  designed t o  determine the precision of t h e  trypsin-electronic 
method cf antibody assay. The method i s  based on the  finding t h a t  t ryps in  
r i i g e s t s  cells in jured  by t h e  ac t ion  of antibody and complement but does not 
a f f ec t  tne ucinjured ce l l s .  For rapid and accurate counting of  c e l l s  t h e  
Coulter e lec t ronic  counter i s  used. 

A methoa w e s  out l ined t o  separate the various saurces o f . e r r o r . i n  a computa- 
t,ional sequence. The computational sequence has' been formulated t o  enable 
deducing the  permeability d is t r ibu t ion  i n  a heterogeneous media. 

Manager 
Applied Mathematics 

CA Bennett :dgl 
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Seed-Blanket Studies 

Seed-Eldket s tudies  a re  being continued i n  water moderated reac tors  i n  an e f f o r t  
t o  f i n 2  a suitable base case. Variations i n  seed- and blanket-region s i zes  and 
seed loading &-e being conpiled pending rece ip t  of quant i ta t ive  calculat ions of 
seed-blanket reactors ., 

Effect cf Specific Pm-er on p i e l  Cost For Some Fueling Schemes 

Increasing the  spec i f ic  parer of reac tor  f u e l  will almost always reduce f u e l  
c o s t .  
t h e  ef:'EZt i s  more p r e d c d w t  f o r  h e l i n g  schemes which require  high enrich-' 
ments 'LO acEeve  reasonable f u e l  exposure (15,000 Mwd/ton). The reduction in 
fuel cost for a given increase in spec i f i c  parer,  say from 10 t o  20 megawatts 
per ton,  w S l i  cut iziterest  charge by about 50 percent; but a second increase 
f rm 20 ts 30 megawatts pez +,on only gains another 16 percent. Consequently, 
,he I E ? W h U S  f o r  lnlirease i n  spec i f ic  pcrger becomes smaller as t h e  parer  becomes 
higher .  It s h o d d  be noted t h a t  this analysis  only considers f u e l  cycle cost; 
whereas, t he  t o t a l  power cost includes reac tor  c a p i t a  cos t  which may be 
s i g n i f i c m t l y  reduced by increase i n  spec i f i c  power which reduces t h e  core 
s i z e  fuz a given reac tor  parer.  

The ma,jor e f fec t  is t o  reduoe t h e  i n t e r e s t  cost  on the  f u e l .  Therefore, 

A 

Figure 1 shows the  e f f ec t  of spec i f ic  parer  above a base value of 10 megawatts 
per ton  on ainimum f u e l  cost  f o r  six fue l ing  schemes , for  a simulated wa-ier 
reactor .  
parer.  
all steeper  than f o r  u--ani~1~-238 fuels. This i s  because thorium has Rpprold- 
matel? two t o  three  tdmes t h e  thermal absorption cross sec t ion  of uranium- 
238; this, requir ing higher enrichment. - The slopes e r e  approxFmately propor- 
t i o n d  t o  t h e  i n i t i a l  eorichmenf, cost .  
at  $10 per gram f i s s i l e  and uzanium-233 at $14 per grm ( the  $10 per  gram 
f i s s i l e  f igure  f o r  plutonium may 3e somewhat l o w  f o r  plutonium because Pluto- 
nim velue'calculcrtions s h m  $12 per gram for this reac tor ) .  
t h e  $10 per grhm p r 5 x  i s  to lower plutonium burning Are1 cycle costs .  All 
other ecouomic c o n d i t i w s  were the  same. Tne minimum f u e l  cost  f o r  these  
fue l ing  Echemes at  10 megawstts per  t o n  are,: 

The individual '  cost. cuITes show t h e  response t o  increased spec i f ic  
Note, i n  t he  caseE he.ving,thorium as a f e r t i l e  fue l ,  t h e  slopes ere  

I n  these cases, plutonium was valued 

The e f f e c t  of 

v-235- pu- U-233- U-235- Az- u-233 
u-23e - u-238 u-238. ~h-232  m-232 !m-232 

1 M i n i m m i  Fuel Cost 1.891 1.72 1.892 2.560 2.039 2.326 

Fueling Scheme.... 
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The ef fec t  of an increase i n  the  A t d c  Energy Commission use charge r a t e  w a s  
a l s o  investigated f o r  each of t h e  same s i x  fue l ing  schemes. 

The r e s u l t s  of this study a re  shown i n  Mgure 11. 
nearly l i n e a r  f o r  a l l  the  schemes, but each has a different slope. 
with s teeper  slopes w i l l  be harder h i t  by any increases  i n  i n t e r e s t  ra tes .  
Again, t he  slopes a re  proportional t o  t h e  cost  of enrichment t o  a t t a i n  a given 
expcsurc. The numerical. value of t he  slopes a r e  shown on t h e  curves in paren- 
thes i s .  

The rise i n  f u e l  cost  is  
The f u e l s  

Zone Spectrum Versus Graded Operation 

d j u s t i n g  the  neutron spectrum i n  a reactor ,  as i s  simulated i n  the  zone 
spectrbn cper&t,kon of MELEA32iJ the  r a t i o  of f e r t i l e  and f i s s i l e  cross sections 
&re eontrcLled SQ tha t  bhe drhum use of control  rods i s  
rethc-ing the  neutron losses. 
movement; sf fue l .  
of adjustments a re  desired.  
t o r  composition such as d i lu t ing  %O with H20. 

Anctire- me-,hcd of fue l ing  which achieves high neutron economy i s  t h e  graded 
sysrem., where new fuel v i t h  excess ne-atron production i s  placed near older 
elements w5th a deficiency i n  ne.;trm production. I n  this case, t h e  excess 
neutrsns &re absorbed i n  t he  old f u e l  (containing mostly f e r t i l e  f u e l )  instead 
of control  rods. 

For 
operation. 
be ad3usted t o  optimize the  f u e l  exposure. Thus, it i s  possible  t o  secure 
t h e  best performance m t  of a f u e l  i n  a s ingle  burn up ca lcu la t ion  with zone 
spectrum compared with a se r i e s  of s ing le  spectrum runs with graded, which 
may yiqld  qui te  a saving i n  computer time. As stated e a r l i e r ,  t h e  neutron 
economy w i l l  increaee with tne  nanber of adjustments. Figure I11 shows f u e l  
costs  f o r  graded operation as various moderator ind ices  -- t h e  s t r a i g h t  l i n e s  
a r e  fcr  zone spectrum and v a r i o u  maximum U m e d  excess neutron losses .  'The 
f u e l  used i n  t h i s  ckse was pktonium i n  natural uranium. 
shuffles i s  indic6ted and it is  noteworthy that a l a rge  number i s  
f o r  t h e  apparently lmest cos t  zcned spectrum systems. 

required, thus 
!!%e adjastment of spectrum usual ly  involves 

Cmsequently, t.3 acfiieve low f u e l  cost ,  a minimum number 
Fuel movement i s  avoided by a l t e r i n g  t h e  modera- , 

This system opemtes wi th  a nearly constant neutron spectrum. 

reac tor  fue l ,  there  is an opufmm s ingle  spectrum f o r  graded 
Zone spectrumJon t h e  Dther hand, has various spectrums which can 

The number of f u e l  
required 

Fuel &cle Anaivsis 

Reduced u~anium s p a t i h l  csnsectrat ion s tudiek f o r  two spec i f i c  powers 
(165 a d  330 w/cc), th ree  mdera tor / fue l  r a t io s ,  t h r e e  rod s i z e s  (1/8", l/k", 
1/2") ana six uranium s p a t i a l  concentrations have been prepared. Two di luent  
mater id&have  been used t o  Teplace t h e  uranium-238 removed t o  reduce the  
f e r t i l e  contentration. 
of t h e  resonance sca t t e r ing  parameters being used i n  MEZEAGIZR and t o  compare 
previous work with result.6 Dbtained using the  latest cross sect ions.  
planned t o  rat selected eases through t h e  computer eaAIN sequence using 
plutonium cDmpositions with less plutc~~ium-240 content than t h e  40 percent 
plutonium-240 fuel used i n  t he  study t o  date .  

These cases have been prepared t o  v e r i f y  t h e  values 

It i s  

' 2  
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CQDE D'EVELOPMENT 

Revisions of the  JASON CASE GENERATOR and JASON codes have been completed and 
debugged. The revised codes have been incorporated i n  the  CHAIN system which 
now includes eleven codes. 

It is now possible t o  vary all of t h e  basic  MEZEAGER parameters with information 
put i n t o  JASON CASE CI'ENERATOR, a code which prepares cases f o r  t h e  l a t t i c e  
physics parameter code JASON. 
entered i n  MEI;eAGw and no way w a s  avai lab le  t o  vary t h i s  parameter i f  the  
CHAIN were s t a r t ed  i n  another code (JASON o r  JASON CASE GENERATOR). 
Power may nuw be read i n  e i t h e r  JASON o r  JASON CASE GENERATOR. 

Formerly, t he  spec i f i c  parer  operating l e v e l  w a s  

The spec i f ic  

Another new fea ture  i s  t h a t  by s e t t i n g  one cont ro l  in teger  i n  JASON, MELEACZB 
is  automatically s e t  up t o  operate i n  the  zoned spectrum mode. 

Nuclear Safety Act iv i t ies  

A number of presentations were made t o  the  Technological Hazards Council 
during i t s  meeting a t  Hanford the  week of September 9. 
tube surveil lance program was reviewed-for the  Council along with recent 
PRTR operating experience, the use of t he  PFCPR automatic control ler ,  and the  
e f fec t  of nonuniform d i s t r ibu t ion  of plutonium i n  mixed oxides fue ls .  

The PRTR pressure 

OTHER ACTNITLES 

Hanford Isotopes Plant 

Although the  study on the  Hanford Isotopes Plant  (HW-"770) was completed, 
it was considered zpproprlate t o  extend the  invest igat ion f'urther In to  the 
economic area i n  an e f f o r t  t o  estimate the probable s e l l i n g  p r i ces  of t he  
products under conditions of p r iva t e  investment and operation f o r  p r o f i t .  
With the  assis tance of Finance personnel, this phase of t he  study has been 
completed with the  followlng r e su l t s :  

Encapsulated 
IsotoDe 

Sr-90 

Ce-144 
CS-137 

Pm-147 

Annual 
Production; 
Megacuries 

10 
10 
100 
30 

Sel l ing  
Price,  

$/curie 

0.20 
0.19 
0.02 
0.08 

UNCLASSIFIED 
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The following bases were used i n  a r r iv ing  a t  these figures:  

.l. Hanford Isotope Plant manufacturing and overhead costs ,  exclusive 
of feed and depreciation charges, as shown i n  Table I of H w - m O .  

2. A 655 depreciation of the $14,300,000 plant  investment over a 
f ive year operating period; an appropriate allowance f o r  depreciation 
of senrice f a c i l i t i e s  w a s  a l s o  included. 

Approximately 4 6  of the  s e l l i n g  p r i ces  shown above, and included 
i n  those prices,  provides a surcharge t o  be paid t o  the  AEC i n  
l i e u  of  feed cost or i n  pa r t i a l  support f o r  R&D and promotional 
expense expected t o  be incurred by the AEC i n  the  next few years .  

3 
3. 

4. The estimates include allowance for  a re turn  on investment 
suf f ic ien t  t o  be a t t r a c t i v e  t o  investors .  

5 .  The estimates include i n t e r e s t  on construction f'unds and worldng 
cap i t a l  p r io r  t o  and during the f ive  - year operating period. 

6. Other expenses such as loca l ,  s t a t e ,  and federa l  taxes,  insurance, 
lease,  e t c .  were estimated and included. 

Since only about 20$ of the indicated s e l l i n g  p r i ces  a re  involved t d t h  d i r e c t  
manufacturing and overhead costs,  t he  economics a re  thus very closely r e l a t ed  
t o  the  magnitude of  the  investment. A subs tan t ia l  change i n  p lan t  investment 
w i l l  cause a proportional change i n  those cos ts  other  than d i r e c t  manufacturing 
and overhead. 
i n t ens i f i ed  research and development e f f o r t s  aimed at  process s impl i f ica t ion  
and in tegra t ion  of production f a c i l i t i e s  f o r  this multiproduct p l a n t ;  

The large influence of investment cos ts  supports a need f o r  

. 

I r r ad ia t ion  Results on Thorium of Varylng Tb-230 Content 

Thorium oxide samples prepared *om t he  four caanmercial sources which had been 
obtained e a r l i e r  were i r r ad ia t ed  t o  about 1,850 and 3,500 grams per  ton with 
the following r e su l t s :  

Contamination, 
~h-230 

0.17 

1.27 
83.00 

Content, ppm 

0 -37 
2.8 
2 *7 
3 -0 
24 .O 

7.3 
7.3 
7.9 
55 00 

UNCLASSIFIED 
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These r e su l t s  show t h a t  thorium-230 a t  the  highest  l e v e l  shown above does 
contribute markedly t o  the formation of uranium-232 contamination i n  
uranium-233. 
content i n  uranium-233 made i n  t h e  pas t  from thorium low i n  thorium-230. 
Other fac tors  i n  the i r r ad ia t ion  process must therefore  be responsible for  
these objectionable uranium-232 concentrations experienced e a r l i e r .  

The resu l t s ,  however, do not account for the high uranium-232 

Acting Manager 
Programing Operation 

M. Lewis:bc 

UNCLASSIFIED 



UNCLASSIFIED G-1 

A. 

B. 

RADIATION PROTECTIOI? OPERATIOM 
REPORT FOR THE ?IC)NTH OF SEPTEMBER 1963 

ORGANIZATION AND PERSONNEL 

Alice L. Didier joined the  Radiation Protection Operation on 
S e p t a b e r  30, t o  replace Janice B ,  Persons, who resigned e f f ec t ive  
October 4, as Secretary t o  t h e  Manager of RPO, 
assumed the  sec re t a r i a l  dut ies  t o  the  Manager of In t e rna l  Dosimetry 
on Septenber 16  replacing Joy B. Knight who i s  on a leave of absence 
e f fec t ive  September 27 e P l t a  M. Morehouse t r ans fe r r ed  t o  Environ- 
mental Studies and Evaluation on September 3 from CE&UO as a 
Stenographer, A e  F, Van Patten,  Journeyman, Environmental Studies 
and Zvaluazion, terminated September 13 t o  accept a posi t ion with 
Reynolds Elec t r ic ,  Las  Vegas, Nevada. 
B o  A. Barron, R. J. Bresina, K. B. Free, and D. L. Heffner, Clerks, 
i n  t h e  Composite Dose Studies and Records Operation terminated 
during September. C .  R. Bowers, Jr., E. M. Epperson, G .  D. Larson, 
and J. W. Mathis were hired a s  temporary replacements. Hol l i s  R. Dawson 
r e t i r e d  on September 27. June M. Wirth replaced Roberta K. La t t i n ,  
Keypunch Operator i n  External Dosimetry, who w a s  granted a Relocation 
Leave of Absence. 
re turn  t o  school on an U C  Fellowship. 
and P o  C .  Nosler, Engineer, joined the  Radiation Monitoring OTera- 
t i o n ,  L. D o  Williams t ransfer red  from RMO t o  t h e  Test Reactor 
and Auxiliaries Operation as of September 3. 
t o  RMO from CPD as 8 Journeyman Monitor e f f ec t ive  September 3 .  

Betty R. Kent 

Four summer employees, 

T. L. Ryan terminated as of September 24 t o  
J. W. Spoonemore, 'Engineer, 

K. H.  Siems t ransfer red  

ACTIVITIES 

Occupational Exposure Experience 

No new plutonium deposition cases were confirmed by Bioassay 
analysis  t h i s  month. Re-evaluation of a case previously reported 
as l e s s  than 1% of t h e  mrvimum permissible body burden (MPBB plutonium 
w i t h  bone as reference is 0.04 pc) revealed t h a t  no plutonium 
deposit ion had occurredo This resu l ted  i n  a reduction of one i n  the  
number of deposit ion cases t h a t  have occurred at Hanford. The t o t a l  
number of individuals who have received in t e rna l  plutonium deposit ion 
at  Hanford is  324 of which 235 a r e  current ly  employed. 

UNCLASSIFIED 



There were eight incidents inyioiving 20 emplcyees t h e t  required special  
bioassey s a p l i n g  f o r  pl-utonium analysis  t h i s  month. 
i s  a br le f  descri3tion of t he  mere s ignl f izant  incidents:  

The following 

A CP9 operator received an in jury  a t  t h e  Weapons Yanufzcturing 
h i l d i n g  (234-5) on September 4, 1963, while changing the  
ziurricum tape on an in l ine  monitor, 
vowd counter showed l e s s  than 1 x EO"? pc p i u t o n i a  Fresfnt  
i n  t he  woand s i t e ,  
counter i s  approxinately 1 x lo-' pc o f  plutonium. 

Exmination e t  t h e  plutonium 

?he detectio? l i m i t  f o r  t h e  plutonium wound 

An  pers st or a t  t he  Wea?ons Itanuf'actcrfr?g Building received 
E+ p l ~ t ~ c l m  n i t r e t e  contaniinated indury ax 2100 on September 5 ,  
1963. 
object which had f a l l e n  in to  t h e  s imp of  t he  ior, exchmge 
hood (46-C) ,  
glove and t h e  t h m b  of h i s  r i  h t  hend, 
Body Cauriter showed 2 , l  x lo-& uc plutonium present i n  t h e  
wound s i t e ,  There w a s  no treatment o r  excision, The employee 
is a previous deposition case with a 303y burden estimated t o  
be l e s s  t h a n  1 percent of t he  maxbum perrcissible body burden (*fBB). 
The :'P'39 fcr plutonfun with Sone as the  orgar. of reference i s  
O.G4 w e  

The injury occur-red when t h e  employee reached f o r  an 

A sh&rp obstruct ion punctured his hood and surReons 
Exmination a t  t h e  Whole 

A p i p e f i t t e r  st t h e  Keapons Manufacturing Suilding received a 
plutonium n i t r a t e  contauiEeted in jury  a'c 1340 on September 12 ,  
1963. 
while performing maintenance work i n  Hcod 7 A  of 3oom 232. 
Examination at t h e  Wfioie Body Counter showeti 5.9 x lC-3 ilc 
i n i t i a l l y  present a t  the vouna S i t e .  
remainec. 
burden estrmated t o  be less  than io percerk of t h e  MPBB. 

The injury occurred when t h e  emplciyee reached f o r  a t o o l  

b f t e r  excision, 1,2 x 10-4 uc 
The e q l o y c c  is e previous deposit ion case with a body 

A CPD p i p e f i t t e r  received a plutonium n i t r a t e  contaminated 
puncture in jury  a t  1350 03 SeptemSer 12 ,  1963 a t  t h e  Weapons 
Manufacturing B u i l d i n g .  
work i n  Hood 'IA at t h e  time t h e  i n j - u y  occurred. 
t h e  Whole Body Counter showed 9 . b  x iov4 pc presect  1 
After excision, t h e  wowd count w a s  less than i x ioot  UC. The 
employee i s  a p r e v i o u  deposit ion case w i t h  a boay burden estircated 
t o  be less than 1 percent of  t h e  MPBB. 

The enployee was performing maintenance 
Examination at  

t h e  wound. 

Sevm CPD employees were exposed t o  airborne plutonium contamina- 
t i o n  a t  t h e  Weapons Manuf a c t u i n g  1ncinera.tor Euilding ( 232-2) on 
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S e p t a b e r  18, 1963, as a r e s u l t  of a f a u l t y  glove. 
had performed panel changes i n  th ree  separate  green houses i n  
t h e  incinerator  building without any grea t  d i f f i cu l ty .  
completion of t he  work, mincr contamination up t o  5,000 d/m was 
fcund on 900 square f e e t  of t h e  f loo r  and on t h e  employees' shoe 
coverso A survey of t he  employees revealed nasal  contamination 
ranging from 50 d/m t o  600 d/m. 

The a p l o y e e s  

Upon 

The above cases bring the  t o t a l  number of plutonium contaminated in ju r i e s  
f o r  the  yeer t o  19 w i t h  13 requiring excision. 
a t o t a l  of 1 5  contaminated in jx r i e s  w i i h  e ight  requir ing excision. 

In 1962, t h e r e  were 

Also during the  month, there  were four. incidents involving seven employees 
t h a t  required evaluation for possible intake of radioact ive mater ia ls .  
These incidents a re  sunmerized below: 

Examination of e crene operator from t h e  Redox Building (202-S) 
at t h e  Whole Body Counter revealed t h e  presence of 7 nanocuries 
of ruthenium-103 and 20 nanocuries of zirconium-niobium-95. The 
IPBB f o r  ruthenium w i t h  kidney as the  organ of reference i s  20 uc; 
t h e  bPBB f o r  zirconim-niobium-95 with t h e  t o t a l  body as t h e  organ 
of reference is  20 E, Wnile the  employee was working i n  a 
crane on SeptemSer 16, 1963, contaminated air  from t h e  canyon 
seeped i n t o  t he  cab as t he  r e s u l t  of a f a i l u r e  of t h e  air supply 
fan.  !Then the  constant a i r  monitor high air  alarm sounded t h e  
employee replaced the  f i l t e r  and proceeded t o  work, 
apprcxlrnately 45  minutes the  air monitor again alarmed. 
time, a monitor noticing t h e  alarm requested the,employee t o  comply 
with respiratory protection requirements specif ied f o r  periods of 
a i r  contamination. A s;rrvey of the  employee revealed nasal  
contamination of approximately 400 c/m. 

Within 
A t  t h a t  

Evalaaticn o f  t h e  bete-gamma film badge dosimeter worn by an 
IPD operetor a t  t h e  105-E reactor  f o r  t h e  period of September 6, 
1963, through SePtember i1, ig63,  showed a dose of 1 rem beta  
rad ia t ion  and 0,56 rems gama radiat ion.  
w a s  received when tne  emFloyee w a s  performi? sp l ine  renoval 
operations at tfie reac tor .  After t he  splinelmachine removed 
t h e  sp l lne  from tube 5585 and dropped it i n t o  t h e  elevator  chute 
t h e  operator moved in to  posi t ion t o  i n i t i a t e  removal of t h e  next 
spl ine.  NeiTher t h e  operator,  nor t h e  monitor on duty, noticed 
t h a t  t h e  sp l ine  ha2 become stuck i n  the  e leva tor  chute and t h e  
monitor w a s  not c lose enough t o  the  chute t o  not ice  an increase 
i n  t h e  dose r a t e ,  
f o r  t he  year ,  i n c h z i n g  t h i s  occurrence, i s  2.3 rems. 

Most of t h e  exposure 

The ope ra to r r s  whole body gamma rad ia t ion  dose 
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A t r a i l e r  carrying a cask shipped 5y P h i l l i p s  Petroleum from 
Idaho Fa l l s  w a s  found contaminated a t  1500 on September 9 ,  1963. 
A rad ia t ion  beam measuring SO@ mr/b at 2 inches and 10 nr /hr  
6t six f e e t  was found t o  be coming from t h e  end of t h e  cask. 
A survey of t he  cask and t r a i l e r  revealed contamination up t o  
20,000 c/m on an area of approximately 20 sq. f t .  ?here the  
cask w a s  s e t t i ng  and contamination up t o  1,000 c/m smearable cn 
t h e  cask i t s e l f ,  
ranging from 500 c/n t o  1,000 c/m apparently where t h e  mater ia l  
had soaked through. 
w a s  s e t t i ng  f o r  several  days o r  on t h e  loading platform a t  Central 
Stores;  %nerefore, it w a s  concluded t h a t  no contanination w a s  
spread 6uriag t h e  s5ipment other rhan t o  t he  bed of t he  t ruck ,  

A survey under the  t ruck  revealed contminat ion 

No contamination w a s  found where the  t r a i l e r  

On Septenber 4, 1963, e r ad ia t i cn  monitor received clothing 
contamination up t o  10,000 c/m a t  t h e  300-M bdrial ground while 
monitoring f o r  a m i l k  p a i l  bur ia l  from t h e  Radiometallurgy Building 
(327). I n  t h i s  case, a paint  bucket w a s  used rather than t h e  
accepted container tha t  w a s  developed f o r  t h i s  work. 
bucket was dropped in to  the  hole, t h e  l i d  came loose from t h e  
Suckel peA-=litting contamination t o  be blown i n t o  t h e  a i r ,  
resul ted i n  t h e  spread of contamination u? t o  100 mrads/hr t o  t h e  
surrounding area.  
100,000 C/P. On September 30, a contamination spread occurred i n  
t h e  300-Y burial. ground during a s i m i l a r  operation. Approximately 
400 sq. f t .  of ground i n  t h e  northeast  corner of t h e  bu r i a l  ground 
w a s  contaminated up t o  1,400 mrads/hr. 
revealed contamination up t o  180 mrads/hr. 
decontaminated a t  t h e  burial  ground before it coult! be released. 
This makes t h e  t h i r d  t i m e  i n  several  months t h a t  contamination 
vas spread i n  t h e  burial. grounds as t h e  r e s u l t  of milk p a i l  b u r i a l  
operations. I n  addi t ion t o  these  three incidents ,  t h e r e  were 10  
t o  15 cases where minor amounts of contanination wtre spread duricg 
t h e  b u r i a l  of milk p a i l s  from t h e  327 Building. 

As t h e  

This  

I n  addition, t h e  t ruck  was contaminated up t o  

Measurements on t h e  t ruck 
The t x c k  had t o  be 

Environmental Experience 

A t o t a l . o f  62 cu r i e s  of 1-131 was released from t h e  Purex s tack 
over t h e  three-day period from September 2 t o  4. 
of several hundred cur ies  w a s  averted by suspending t h e  d isso lu t ion  
of metal inadvertent ly  charged before a proper decay period had 
elapsed. 
l a t e  October t o  provide an appropriate decay period f o r  t h e  mater ia l .  

A po ten t i a l  release 

No fu r the r  processing of t h i s  material i s  planned u n t i l  
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About 75 man-hours were spent col lect ing numerous spec ia l  milk, 
vegetation, and stack sanples. 
flown around t h e  200 Areas and t h e  region south t o  Benton City, 
K O  

Two aerial monitoring f l i g h t s  were 

evidence of contamination eas found off  proJect. 
- 

A maximum concentration of 1-131 i n  milk was measured i n  a spec ia l  
sample colle&ed September 12% 1963, from a West Richland farm. 
Back extrapolation along curves p lo t ted  f o r  loca t ions  where da i ly  
milk samples were collected,  indicated a peak concentration f o r  
t h i s  m i l k  between 300 and 500 p c / l  on September 5 ,  1963. 
radiat ion dose t h a t  could have occurred t o  t h e  2 gram thyroid of 
an in fan t  drinking t h i s  m i l k  throughout September w a s . e s t h a t e d  t o  
be only 0.05 - 0.08 rem. 

The t o t a l  

Rinse water containing phosphates used i n  cleaning some of t h e  
100-N piping were released t o  the  r i v e r  shoreline.  
confirmed p r i o r  estimates of t h e  concentrations ‘downstream. 
increase i n  phosphate ion concentration measured a t  181-D was 0.03 - 
O , O 5  ppm. 
0.10 ppm, the  normal seasonal. maximum-, 

Special  samples 
The 

The t o t a l  phosphate concentration i n  all cases w a s  below 

Concectrations of f a l lou t  mater ia ls  i n  the  air of t he  Pac i f ic  northwest 
averaged 3 pc ~ / m 3  during September, 
months of Ju ly  and August was 5 pc B/m3, 

The average value for  t h e  

A t o t a l  of..583 biological ,  produce, and food samples were obtained 
f o r  radiochemical analyses. These are l i s t e d  below: 

Milk 
Pasture grass and 

Fish 
Waterfowl 
Beef Thyroids 
Oysters . 

Peaches 
Ground Beef 

nat ive vegetation 

316 gallons 

262 pounds 

4 pounds 

4 pounds 
2 pounds 

190 samples 

262 samples 
90 samples 
21  samples 
15  samples 
2 samples 
1 sample 
2 s m p l e s  

Studies and Improvements 

An evaluation was made of t h e  data  from f i l m  ring dosimeters worn 
by ce r t a in  Redox and %ex operating and maintenance personnel s ince 
t h e  beginning of calendar year 1963. 
out of s i x  hundred r ing dosimeters issued during t h e  period exceeded 
1 rem, and the  highest  s ing le  dose was 1.8 rems. No employee 

The data shoved t h a t  only seven 
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exceeded 3 rems during any consecutive three-month period. Based on 
these r e su l t s  and i n  l i g h t  of present c r i t e r i a  f o r  requiring t h e  use 
of film r ing  dosimeters, as s t a t ed  i n  t h e  RPS, it w a s  decided t h a t  
t he  routine issuance program f o r  these groups could be terminated. 
This vas implemented during the  month, 

The hlobile Whole Body Counter was displayed a t  the  Hanford Visi tor’s  
Center from Septenber 17 through September 29.  A t o t a l  of 609 people 
v i s i t ed  the  f a c i i i t y .  
c rys t a l  assembly i n  the  *.ole Body Counter Laboratory were cal ibrated 
with NaZ4.  

The Mobile Whole Body Counter and the  dual 

The averzge leve l  of cesium-137 measured i n  adult  males during Septenber 
w a s  12.6 nanocuries. The maximum iodine-131 observed from routine 
exminations was 25 picocuries.  Only two examinations resu l ted  i n  
detection of quant i t ies  grea te r  than 20 pc, t h e  minimum detectable amount 
with the  thyroid counter. 

Design. c r i t e r i a  were developed f o r  t he  renovation of t he  242-B f a c i l i t y  
i n to  a p i l o t  study operation f o r  plutonium dissolut ion s tudies .  
i n t e r e s t  areas included building s t ruc ture  and layout ,  vent i la t ion, .  
waste disposal,  stack height, and a i r  sampling. 

Specific 

Energy response curves f o r  the  CP, Juno, and ionizat ion chamber f inger  
ring were obtained using t h e  K-fluorescent X-ray machine. 
t h e  CP and Juno were taken a t  each of t h e  K-fluorescent X-ray energy 
points  e 

Readings from 

A r e l a t i v e  response curve of t he  ionizat ion chamber r ing  was constructed 
comparing the  response of t h i s  dosimeter when ca l ibra ted  with radium 
gamma radiat ion t o  i t s  response when exposed t o  plutonium radiat ions.  
charac te r i s t ic  curve f o r  t he  un f i l t e r ed  ring indicates  t h a t  t he  maximum 
response is about a fac tor  of four  grea te r  than f o r  radium gemma. 
sanre r ings were f i l t e r e d  with 5 m i l s  of tungsten, t h e  maximum response was 
obtained a t  about 60 Kev. 
than t h e  response observed f o r  radium gamma. 

The 

When t he  

A t  t h i s  point,  t h e  response is  about 655 greater  

The He3 neutron spectrometer system was taken  t o  the  234-5 Building a f t e r  
ca l ibra t ion  of the  He3 detector .  
were made on two d i f fe ren t  plutonium storage hoods. 
da ta  were accumulated w i t 5  a He3 pressure of f i v e  atmospheres. A pressure 
of f i v e  atmosphere y ie lds  t h e  best  reso lu t ion  and s e n s i t i v i t y  combination. 

Several  d i f fe ren t  experimental runs 
A l l  neutron spectra  
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One of t he  plutonium storage hoods w a s  near ly  empty a t  t h e  time t h e  
neutron spectrum w a s  measured. Data wepe accumulated both wZth and 
without gamma shielding f o r  the  neutron detector .  
measurements show a pronounced fast neutron peak at about 0.9 Mev. 
interference appeared during t h e  spectrum accumulation with t h e  gamma 
shielding i n  place. 
about 2,O MeVo 
days of a six-day exposure and did not continue t o  accumulate during the  
l a s t  two days. 
f o r  t n e  interference w a s  perfcrmed nearby during t h e  f i rs t  two days. 
these  reasons, the  f a l s e  peak w a s  ignored during t h e  data analysis .  
interference w a s  observed f o r  neutron energies up t o  about 0.7 Mev. 

The results of t h e  
Some 

The interference took t h e  form of a s m a l l  peak at 
The f a l s e  peak appeared sometime during t h e  f irst  four 

Some welding and other maintenance ,work ' that  might account 
For 

Ganrma 

Another plutonium storage hood was nearly f u l l  axing t h e  neutron spectrum 
measurements. The results were qui te  d i f fe ren t .  No pronounced peak 
w a s  observed, 
hood, and, i n  t h i s  case, appeared t o  have covered t h e  fast  neutron 
peak. These spectra will be measured again t o  see if they can be 
reproduced. 

The computer program "Spec" w a s  modified t o  include options which 
alioved t w o  spectrums t o  be read i n  and subtracted point f o r  point from 
each other ,  

The gannna interference was much grea te r  than f o r  t he  f irst  

Invention Report , HUIR-1649, "Discriminating Against ,Undesirable Gamma 
Radiation When U s i n g  a He3 Spectropeter t o  Measpre A Neutron Spectrum" 
w a s  f i l e d  by G ,  W e  R .  Endres and T .  L. Ryan on September 10 ,  1963. 

Calibration checks of t he  thennoluminescent d o s h e t r y  reader  e lectronic  
system were made, and it appears t o  be working s a t i s f a c t o r i l y .  Two 
i r r ad ia t ions  were completed using t h e  pos i t i ve  ion ,accelerator.  Two 
s e t s  of neutron and gesrma thermoluminescent phosphors were exposed t o  
neutron doses of 0.5 and 1.2 rads ,  The measurements ind ica te  t h a t  
0.5 rads of f a s t  neutrons can be e a s i l y  detected.  

The use of membrane-type f i l t e r  paper i n  a rout ine  room air sample 
locat ion i n  234-5 Building was i n i t i a t e d .  
forwarded t o  RDCO by CPD a f t e r  they have u t i l i z e d  t h e  f i l t e r  i n  t h e i r  
a i r  monitoring program, These f i l t e r s  are being examined i n i t i a l l y  by 
exposure t o  nuclear t rack  f i lm p la t e s  i n  a spec ia l  holder. 
times of up t o  about t h ree  months are needed t o  de tec t  p a r t i c l e s  of 
Pu02 i n  t he  0.01 t o  0,l micron s i z e  range. 

The a i r  samples are 

Exposure 
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One R-meter s e t  was ca l ibra ted  by t h e  National Bureau of Standards and 
returned t o  W O .  Three addi t ional  R-meter s e t s  were matched t o  t h i s  
new standard. 
exposure j i g  were checked a t  several  dis tances  and found t o  be within 
I +3% of t h e  s ta ted dose. 

The north and south ca l ib ra t ion  w e l l s  and t h e  f i lm 

Additional ass is tance was provided the  Nuclear Health and Safety Operation 
f o r  NPR hazards analysis.  
asked of NRD by t h e  AEC Advisory Committee on Reactor Safeguards (ACRS).  
A comparison w a s  made of t h e  NPR s i t e  cha rac t e r i s t i c s  with those s e t  fo r th  
i n  10  C F R  100 (Power and T e s t  Reactor S i t e  Cr i t e r i a ) .  

This addi t ional  work resu l ted  from questions 

Research Studies 

Temperature t raverses  and shoreline surveys continued. 
recent dye study data w a s  s tarted end fabr ica t ion  of por tab le  meteoro- 
l og ica l  s t a t ion  components w a s  completed. 

Analysis of 

Menbers of t h e  Washington S t a t e  Game Department were contacted in order  
t o  increase re turn  of data  from t h e  c r e e l  census. Arrange3nent.S were Mad@ 
f o r  routine contact between ES&EO and t h e  l o c a l  G a m e  Protectors.  

RmATI ONS 

Five suggestions were submitted by personnel of t h e  Radiation Protection 
Operation during the  month. Two suggestion awards were made. Three 
suggest ions are pending evaluation. . 

Safety meetings were held throughout the  Section during t h e  month. 
There were no secur i ty  v io la t ions ,  

Radiation protect ion or ien ta t ion  l ec tu re s  were given t o  new employees i n  
Physical Metallurgy, Fuels Fabrication, Chemical Development, and Chemical 
Eff luents  Technology. The f i rs t  three sessions of t h e  rad ia t ion  monitoring 
re f resher  course were held.  Nine CPD employees, 
and two AEC employees are included i n  t h e  t o t a l .  .The feedback received 
from t h e  program w a s  favorable. 

Total  attendance w a s  48. 

A t r a in ing  session w a s  held for about 20 AEC Couriers a t  t h e  PEC off ices  
a t  t h e  Richland a i rpo r t .  Subject matter d e a l t  with recognizing rad io logica l  
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problems under various conditions, t h e  best  choice of ac t ion ,  t h e  
proper instruments t o  use, and how t o  use t h e  instruments cor rec t ly .  
The session included in s t ruc t ion  o n ' t h e  use of t h e  High Range 
(5,000 r /hocr)  dose r a t e  meter. 

D. SIGN1FICAP;"r REPORTS 

HW-78894 - "Radioective Liquid Waste Disposal" by G .  E. Backman. 

FIW-76525-8 - "Radiological S ta tus  of t h e  Hanford Environs f o r  
August, 1963", by R .  F. Foster. 

fn4-7311 j - "Monthly Iieport - September 1963, Radiation Monitoring 
Operation" by A. J. Stevens, 
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PETSOTINEL DOSIMETRY AND RADIOLOGICAL RECORDS 

Externai Exposure Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Resuits - 100-300 mrads 
Results - 300-500 mrads 
Resuits - Over 500 mrads 
Lost Results 
Average Dose P e r  Film Packet - mad (ow) - m (SI 

Hanford Neutron Film BadKe Dosimeter 

Slow Neutron 
Film Processed 
Results - 50-100 m r e m  - 100-300 - Over 300 m r e m  
Lost Results 

Results - 50-100 m r e m  - 100-300 m r e m  - Over 300 m r e m  
Lost Results 

Hand Checks 

Checks Taken - Alpha - Beta-Gamma 

Skin Contamination 
Plutonium 
Fiss ion Products 
U r a n i u m  

. Tritium 
Thorium 

HW-7 9 04 6 

September 1963 

0 1 
0 0 
0 0 

6,163 57,526 

11,057 87,265 
17 3 1,526 

18 139 
2 31 
50 225 
10.5 7.5 
30.3 30.2 

1,887 
1 
0 
0 
7 

460 
19  
31 

2 
7 

15,341 
15 
2 
0 

97 

4,125 
260 
438 

6 
76 

37,268 341,403 
54,477 520,692 

7 209 
43 358 

0 5 
0 0 
0 1 
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Whole Body Counter 

SuhS ec t  

GE Bqioyees 
Iiegular 
Incident Cases 
Terminat ions 
llev Hires 
Special  Studies 

Number of Examinations 
7k7-A WBC 1963 Mobile WBC 1963 

5 1  
11 
34 
62 
11 

539 
132 
122 
465 
432 

12 

1 
1 

42 

1 
1 

Nrx? -Employ e e s 

Vis it cir s 
Children 3 19 

zz.-ironmental Studies - 4 19 - 1 42 - 
1 4  44 177 1,770 

3 i oes s ay Results Above 
curreht Reportinu Limit Samples Assayed 

.Reporti- L i m i t  SeDt . 1963 Sepk. 1963 
P i a t  oriium 2.2x10-8 vc/sanple 
Fission Prod. 3.1~10-5 pc/sample 
Strontium 3.1xI.O-5 w/sample 
T r i t i u m  5.0 uc/l 
Uranium 0.14 u d l  
Special  Studies 

Calibrations 
d 

Portable Instruments 
C? Yeter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Penci ls  
Other 

86 811 568 5,351 ,1 

- 4 5  - 45 
123 1,167 205 1,950 

- - 14 3 28 

78 515 4,825 7 

- - 163 1,374 

Number 01 Units Calibrated 
Sept . 1963 
1,015 9,552 

231 1,718 - 103 957 

2 27 2,344 
599 5,148 

2,175 19,719 

64 8 7,196 
105 990 
264 2,726 - 

1,017 10,912 
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Number of Units Calibrated 
Sept . 1963 

52 Miscellaneous Special  Services 
Total  Number of Calibrations 3,244 

14,055 
44 , 686 

for t he  Manager 
RADIATION PROTECTION 

CM Unruh:ald 
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TECHNICAL INTERCHANGE DATA 
RADIATIOII PROTECTION OPERATIOlJ 

I. Speeches Given 

"A Comprehensive Study of a Plutonium Contaminated Injury", by . 
F. Swanberg, Jr., t o  t h e  Seventh Annual Western Indus t r i a l  Health 
Conference , held i n  San Francisco , September 27-28 , 1963. 
R .  F. Foster presented an inv i ted  speech on f i s h e r i e s  problems 
associated with deve lopent  of atomic power t o  t h e  Association of 
Power Biologists meeting a t  Toketee Fa l l s ,  Oregon. 

"?ar t ic le  Size Distr ibut ion Found i n  A i r  .at Hanford Plutonium Fabrication 
Fac i l i t i e s " ,  w a s  presented by B. V .  Andersen at the  Seventh Annual 
Western Indus t r ia l  Health Conference held on September 27 and 28, 1963 
i n  San Francisco, California.  

11. 

111. 

Art ic les  Published 

An a r t i c l e  en t i t l ed ,  "Hanford Report: Dosimetry Invest igat ion of t h e  
Recuplex C r i t i c a l i t y  Accident", C. C.  Gamertsfelder, H. V. Larson, 
J .  M. Nielsen, W. C .  Roesch, and E.  C .  Watson w a s  published i n  
Health Physics, July 1963, Vol. 9, No. 7. 

V i s i t s  and Vis i tors  

See attached V i s i t s  and Vi s i to r s  form. 

I V .  Achievements 

Bone 

V. Honors and RecoKnitions 

None 

V I ,  Professional Group o r  Organization Assiunments 

None 
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Cost Accounticg 

Operating funds for  Hanford Laboratories contained i n  the  RU)O-AEC Financial  
P2s.1 #L were al iocated t o  the  sect ions i n  September t o  provide an irtterim 
coatrol ur,sil receipt  of a firni f inanc ia l  pian follo-wing passage of the  Con- 
gressional  Appropia t ion  Aet . 
IC S q t a b e r  Ha-xford kboraxor ies  was U o c a t e d  an addi t iona l  $1$0,000 fo r  
02 Pzogxa~ squipnent obiigations,  $2,000 for  03 Program eqdpme?it obliga- 
t i o ~ ~  a ~ 6  $14,300 f o r  cap i t a i  wDrk order cos ts .  
a7xkinLzeS t c  date for  e q u i p e r t  ob i iga t ioas  a r e  detLiled below by program. 

FY 1964 c a p i t a i  funds 

02 
03 
!A 
05 
06 
08 
Totai 

Capital  Work Order Costs 

$250 ooo 
42 000 n8 600 

100 000 
125 3m 

25 000 
$EsE 

$ 5!, 000 

An additiozlal acthorizat ion of $57,500 was  received f o r  Pro jec t  Whitney 
research and development and re l a t ed  scrap recovery work sponscred by l a w -  
refce Radiation Laboratory. Total  authorizat ions f o r  FY 1964 a r e  nov 
$150,030 f o r  research and dtvelopment and $12,530 f o r  plutonium scrap 
r eccvery . 
A research and developmes;.c proposal e n t i t l e d  "Pomethiwn So'mce Development" 
was Frepared and submitted t o  RLOO-AEC a t  the  recues t  of t h e  Division of 
Isotopes Development, WasUngton-AEC. 
t e c h o l o g i c a l  bas i s  f o r  u t i l i z a t i o n  of promethim-147 as E radioisotope heat  
and/or pover sowce is proposed'. 
a i d  tecixiical  personnel and th ree  supporting people at  an annual cos t  of 

A current plan f c r  obi lgat ing aa t ic ipa ted  FY 1964 Oh Program equipment funds 
kg5 transmitted to RLOO-AEC a t  t h e i r  request.  
p lamed obl igat ions a re :  

A study t o  provide a daf i l l i t ive  

Tne program would q l o y  about six s c i e n t i f i c  

$k5,000. 

Sumn;arized by subprogram, 
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Phtcrdun 3ec;ycle Ecgram 
Reactor Fueis & Mazerials Development 
Radioactive Residue Process Development 
Gas Cocied Reactcr - Other 
Phtonium Ceramic Reseazch 
Sigh T q e r a t u r e  Reactor La t t ice  Physics Studies 
Co2mbia River Sedimezt Studies 
NeGtron Flux Monitors 

Total 

$LO5 000 
285 ooo 
52 ooo 
40 000 
20 000 
10 000 
7. 000 
6 ooo 

$825 ooo 

Special. accounting codes were establ ished fo r  t he  a c t i v i t i e s  described below: 

P BE 

.8J 

.8K 

. 8 ~  

.8M 

Consultation -&t;h APED by C. L. &own on problems of nuclear 
safety.  
a t  $500 plus travel and subsistence. 

Consultation Kill be f o r  f i v e  days a d  w i l l  be b i i l e d  

Consutatiozl with APED Sy E. R. I r i s h  t o  review the  overa l l  
aspects of ezxironmencal hazards of the  proposed f a c i l i t y  f o r  
the  regrocessing of spent power reac tor  n i e l .  Cons-Atation 
WAX be f c r  f i v e  days and Kill be b i i l e d  a t  $875 plus  t r a v e l  
and subsistence. 

Appoil;tn;eat of L. K. Bustad t o  the  Acivisory Conrmittee of t he  
American I n s t i t u t e  of Biological Sciences - MonOgraFh Series. 
Billirig wiil be f o r  t r a v e l  and subsistence only.  

Consulting dt2i AFED by V.  P. Kelly t o  review t h e  mechanicai 
aspects of handling incoming f u e l s  i n  ',he proposed f a c i l i t y  
for  reprccessing sFent poxer reac tor  fuels. 
v i l i  be for f i v e  days and w i l l  be b i l l e d  a t  $500 plus  t r a v e l  
ea3 su3siatence. 

Consultation 

Assis tame t o  Washiq$on Sta te  University. 
W o r d  LaSoratories -4ll i n s t r u c t  a course il; the radiological  
as-gects of s a n i t a r y  engineering. B i l l i n g  will be for $3,800 t o  
cover salary pi'2s continuity of s e r n c e  and f o r  travel. and sub- 
s is tence.  

Aa individual  from 

A new research and developmeLt program code estabi isked durirrg the  month is: 

.7l Exposure Mechnisns (02 Program) 

UNCLASSIFIED 
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General Accomtinq 

Following i s  the  s t a t u s  of  i e t t e r s  requesting AEC concurrence In proposed 
actions: 

AT-310 Service on WasMqton S ta t e  Air Pol lut ion Control Board Approved 
by J. J. F'uquay 9-5-63 

A T - 3 2  TzacUng Assistarce t o  Washington S ta t e  University - Approved 
Course CE-547 9-20-63 

AT-313 €?-ofessional Research and Teaching Leave Assignment I n  process 

Thz fcI .bvkg OPGs vere issued: 

New Revised T i t l e  - ope No. -- 
1.13 (PP- 3, 4 8c 5 )  X Par t ic ipa t ion  in Hazardous Business 

1.15 X Compliance i n  An t i t ru s t  Laws 

w o r d  Iabcra tor ies '  net  mater ia l  investment a t  September 1, 1963 to t a l ed  
$2k.k million as de ta i led  beiow: 

(In thousands) 
SS Material $ 22 791 
Reactor and Other Special  Material  1304 
Spare Pasts  
Y t t r i u m  

Subtotal  
Reserve: Spare Parts $81 

74 
( i28 ) Yttri-an 47 

Ne$ Inventory Investment $ 24 354 

The net  5 f o r d  Laboratories' inventory investment, excluding nuclear mater ia ls ,  
amoimzed t o  $1.6 mi l l i cn  a t  September 1, 1963, o r  a net. increase of $387,529 
over the  June 1963 balance of $1.2 million. 
marily from the  fo l lo-dag  materid.  rece ip ts :  

Inventory increases  r e su l t ed  p r i -  

Eeavy water from SROO 
Heavy Water Scrap GeDerated 
ZircoIlium 
SpaTe Parts 
Platinum 

$350 013 
14 oi9 
8 71ii 

12  002 
2 524 @m% 

UNCUSSIFIED 
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E e  k e a 7  water i n v e n t x y  a t  -,te end of  September 1963 skowed a loss of 
1,655. p o u d s  valued a t  $22,738 for  the  PRm and a i o s s  of 99 pouads valued 
at  $&,36i for  t h e  PRCF. 
amoxzed t o  3,976 pcunds, resu l t ing  i n  a $4,059 c b s g e  t o  operating cost .  
Heavy m t e r  accumulated a'c September 30 f o r  r e tu rn  t o  SROO amounted t o  
17,223 pounds valued a t  $ ~ 6 , 6 7 5 .  

P e d s s i o n  w a s  received from RLOO-AEC t o  ship 2,62h grams of c l ea r  Fhzinum 
scraz t: Cce New York Operatiogs Office. A re2uction of $7,327.4: i n  the  
p-2itir-u inventory resul ted.  Ef for t s  t o  reduce PJrtf-er t h e  doi la r  value cf 
Invenzcries inclucie sgbmission of a l i s t  of other excess mater ia is  t o  the  
AEC f o r  action. Also, a proposal t o  charge ccs t  f o r  zircofi-xz Frccurod fcr 
S F e C i f i C  research and developmeat xork a t  t h e  time of procurement i s  being 
co=sidered, ditkough %he mater ia l  would be controlled m z i l  vi thdra-n for  
cofsmpiion, acd a $57,038 reduction i n  t h e  current inveritcry ba imce  

Hea-vy water scrap genera5ed &.ring the  month 

i?o*Ld r E ~ ~ i i . t  . 
Results of t h e  annul physical inventory of zircon2um h l d i n g s  conducted 
during August i.963 indicated a net  gain of 31 pounds. The ne t  iccrease - 
resul ted primarily from 45 pounds of p l a t e  returned t o  stock from comple3ed 
work, and a undocumented i ssusrce  from stock of one tube weighing 2.7 
pounds. 
reduced unit pr ice  on fibre withdrawals from t h e  Laboratory Pool. 

A documeat, Frepared t o  adjust  quant i ty  00, vZJ. result i n  a 

Cocperative e f f o r t  x i t h  t h e  Hanford Iaborator les '  LandLord Operation i n  the  
cleanup of t he  325 Building basement resulted in materials an3 equipment 
valued a t  $333,557 b e k g  t ransferred t o  the Pool f o r  storage &/or prepara- 
t i o n  of documents fo r  disposal.  
cleanup t o  be $528, which does not include overtime o r  regular time spent 
by tiiis group o r  F a c i l i t i e s  Engineering Operation. Appearace of t h e  325 
basement has improved s igni f icant ly .  Hosever, it appears that other e q u i p  
mezt stored i n  cages there  shculd a i s 0  be trmsferred t o  t h e  Laborazory 
Storage Pool. 

The Landlord estimated t c t a i  cost  f o r  t he  

A repor t  03 t h e  invelltory of reac tor  and other  spec ia l  mater ia ls  
(excludbg zirconium) i n  the cust.od;r of  LL7 holders OD September 24 and 
25 ahodd be issued i n  October. 

Tb s a t i s f y  AEE requirements on control, all HL y t t r i u m  k o l d i q s  were trans- 
ferrea t o  t h e  Laboratory Storage Pool. Withdrawals fkom t h e  Pcol - i l l  be 
considered as consumption. 
reserved. 

This material ,  -7ied a t  $L7,437, i e  fiA2Y 

The cumulative value of nmlea r  mater ia l  constxned i n  research by Hanford 
Laboratories during FX 1964 (at  September 1, 1963) is $;08,633 comprised 
as Zollows: 

1 2 3 3 1 9 2  
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$108 633 

TTG SS Material fozecasts were prepazed duriLg t h e  month as follows: 

1. SS Material Projects - R & D other than i n  Production (for  a l l  
programs exceF?: 02 Program). The period covered by this fore-  
cast  was t he  3rd and &th quarter cf Fy 1964 and t h e  1st  and 
2nd quarter cf FY i965. 

SS Material Prc jec ts  - I n  Produczion - r e l a t e 6  R & D (02 
P r o g a n )  fcr t he  2nC,  jrd aLd ktk quarters ,  FY 195.. 

Z e  

A n  audlf cf Ranford Laboratories' Property Acccucti?& a c t i v i t i e s  was completed 
witk corcpiimerits by tke  t r a v e l h g  audi tors .  

Custody of rema-lniz equlpxnem, valued a t  $69,839, procured by HAP0 i n  sup- 
p o r t  or'Vzivers:C,y of California Lawrence Ra6iatior: Laboratory research and 
aevelcpezrc propans ,  %as sransferred by t h e  Coimksion to Hanford LaboFa- 
to r i ee .  
$755,855 

mtal value cf equLpert. acquized thougk, f t e  UCL3IL pragrm is  

Uxiitization reports were completed am3 issued dL-ing t h e  mozlth on the  fd.l.ow- 
ix proJects: 

CGH 857 Physicai and Meckmzical Propert ies  
Testing CeL - 327 Building 

CGH 858 High Level U t i l i t y  Ce2.i - 32'7 IMidirig 
$387 471 
ko9 191 
iq 038 CGH 951 A-C CG12UE Z k ~ i l i t y  - 3 U  Biilding 

Laboratory Storage Pool a c t i v i t y  i s  s - m i z e d  be lox  

k z e z t  Morth FY t o  Date 
Value - Value Q z n t i t y  - Quantity 

1 2 3 3 1 9 3  
IrIJCLASSIFIED 
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Daring the month, 69 items valued a t  $26,656 were loaned and/or t ransferred 
i n  l i e u  of purchases. 
redirected t o  usef'ul purposes t h i s  f i s c a l  year.  
month of August were $1,465 and operating cos ts  f o r  Fy 1964 t o t a l  $2,663. 

A t o t a l  of  190 items valued a t  $75,873 has been 
Operating costs  f o r  the  

T o t a l  value of equipment and mater ia l  i n  custody of t he  Laboratory Storage 
Pool a t  September 30, 1963 was $1.7 r r i l l ion,  including Reactor and Other 
Special Materials valued a t  $293,035, SS Materials valued a t  $163,800 and 
other mater ia ls  valued a t  $4U, 813. 

Act iv i t ies  within Property Accounting a r e  s t ead i ly  increasing. 
t r a t e  t h i s  point,  the  following s t a t i s t i c s  r e f l e c t  t he  t rend of Property 
Accounting's a c t i v i t i e s  by comparing t h e  first three  months of FY 1964 with 
the  same period i n  IY 1963: 

To i l l u s -  

1st Qtr. 1st Qtr.. 
Documents Processed FY 1964 FY 1963 

Purchase Requisitions 
Work Orders 
&cess and PDR 
Material Wansaction Reports 
O f f  -Si te  Property Control 

Laboratory Storage Pool 
Receipts 
~ s p o s a ~  by PDR and/or mcess  
Placements i n  Lieu of Purchases 
Total  Material Holdings a t  9-30 
Total Equipment Holdings a t  9-30 

1st &tr. FY 1964 
Quantit Value + $ l W 2  

201 129 128 
190 75 873 

868 648 
1 712 791 063 

2 248 
1 893 

30 
103 
49 

1st &tr. FY 1963 
Qumtit Value d $1-6 

6 434 
73 36 338 

284 318 
1 251 703 107 

A U  indicat ions are that the  Laboratory Storage Pool a c t i v i t y  and t h e  services  
provided by Property Accounting xill continue t o  grow. 
of t he  Pool f a c i l i t y  has increased considerably, and e f f o r t s  t o  achieve even 
greater  excessing r e s u l t s  a r e  be- applied.  
dock between the  3718-A and B Buildings, if approved by RLOO-AEC, would pro- 
vide needed addi t ional  storage and f loo r  space fkom which t o  work excess 
mater ia ls  and equipment continuously. 

The excessing program 

The erec t ion  of a roof over t he  

The following ac t ion  was taken on p ro jec t s  during t h e  month: 

Construction Completion and Cost Closing Statement Issued 

CAH-822 Pressurized Gas-Cooled b o p  F a c i l i t y  

UNCLASSIFIED 
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!lZe follow'mg contracts  were processed during t h e  month: 

CA-436 Hubert J. Pessl  
W-hO Textron Electronics, Inc.  
CA-412 Maurice J. Sinnott 
CA-413 Lewis W. SeagondoUsr 
Sk-300 Kadlec Methodist Hospital 

MRO- 65 ~ h i ~ i p s  mect ronics  Instrument Division 

Persc-me1 Accounting 

H. R .  Dawson and L. B. Stroup took opt ional  retirement,  e f f ec t ive  October 1, 
1963. 

A patest. a - i d  (HWIR 1077) was made t o  W. S. Kelly fo r  movable o u t l e t s  on 
air  r q q ~ y  rikcts using met& "zippers." 

Per some1 s t a t i s t i c s  f cllow: 

Number of  -ford Laboratories Employees 
C a g e s  D z i n g  Month Total  Exempt Nonexempt 

Emplcryees on p a y r o l l  a t  beginning of  morith 1 792 790 1 002 
Ad61tiom and t r ans fe r s  ir 62 rl 35 
R m v a l s  and t r ans fe r s  out 41 - m l o y e e s  on payrol l  a t  end of  month 

Overtime Payments During Month 

Gross Payroll Paid Wing Month 

Exerrpt. 
No3exempt 
Total 

September August 

$ 769 370 $ 774 553 

UNCLASSIFIED 
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Participation in Ehployee Benefit 
Plaxs aT Month End 

Pension 
Ins-Jrance Plan - Personal. 
U.S. Saviags Bonds 

- Dependent 
Stock Bonus Plan 

Sa-rilzgs and Security Plan 
Savirgs Plan 

Good Xeighbor Fund 

Infilmaxe Claims 
Eurplcyee Benefits 

Life Insurance 
Weekly Sickness 

September August 
Number Percent Number Percent 

1 550 
413 

1 334 

156 
66 

1 zL3 
1 260 

Number 

2 
and Accident 8 

Compehensive Medical 
DeTendent Benefits 
Comprehensive Medical 
Total 

45 

ss 153 

99.4 1 551 99.4 

99.9 1 327 99 -8 

39.9 156 41.3 
3 *8 
86.0 

3 -8 69 
88.7 1221 
71-7 1 281 71.3 

423 

Amount Number Amount 

$64 160 1 $16 500 
6 641 12 879 
3 814 43 2 939 

TECHNICAL =STRATION 

Bqloyee Relations 

Thirty-two nonexempt employment requisitions were filled; 17 remain to be 
f llled . 
Suggestion plan activity included 54 submissions, 30 adoptions, and 30 
rejections. 

Information and Presentations 

Visitors Center activity: 

September attendance 2 242 
Average attendance per day open 86 
cumuiative attendance since 6-13-62 56 625 
Condilcted groups 3 (totaling 86 people) 

Plat tour activity: 
Rmber 

General Public Relations Tours -b-V 
Special Tours 2 91 

since 1-1-63 - 2 376 
Cumulative attendance (all tours) 



Documen-Led information flow during the  month was comprised of 1,740 t i t l e s  
(i.5,178 copies) received a t  k n f o r d  and 67 t i t l e s  (10,478 copies) sent of f -  
s i t e .  

Professional Placement 

Advanced Degree - Seven PhD appl icants  v i s i t e d  HAP0 f o r  employment interviews. 
Three o f f e r s  were extended; three r e j ec t ions  were received. Four o f f e r s  are 
current ly  open. 

BS/MS (Direct Placement) - Two o f f e r s  were extended. 
no re jec t ions  were received. 

Three acceptances and 
One o f f e r  i s  cur ren t ly  open. 

BS/MS (Program) - No employment a c t i v i s y  i n  t h i s  category this month. 

TecFucaL Graduate €Yogram - Ten technica l  graduates were placed on permanent 
a s s lgmen t .  !l'wo graduates returned 
t o  school and one t ransferred t o  APED. 

Nine new members were added t o  t h e  r o l l .  
Current program members t o t a l  75. 

FACZEES ENGZNEEXING 

A t  moc~..k-'s end F k c i l i t i e s  W i n e e r i n g  Operation was responsible f o r  nLne 
ac t ive  pro jec ts  having t o t a l  authorized MS i n  t he  amount of $6,739,500. 
m e  t o t a l  estimated cost  of these p ro jec t s  i s  $10,584,000. 
them through A u g u s t  31, 1963 were $1,134,000. 

m e n d i t u r e s  on 

The following smmaxizes pro jec t  a c t i v i t y  i n  September: 

Number of  authorized pro jec ts  a t  month end .................... 9 

a Project  proposals being prepared .............................. 
~ - 1 1 4  C r i t i c a l  ~ a s s  Laboratory Addition 
c~~1-116 PRTR Decontamination and ~ 2 0  Cleanup 
PRTR Storage Basin and Experimental F a c i l i t i e s  Modification 
Heat Transfer Apparatus f o r  Model Studies 
Waste Panspor t  System 
lhl-M Buiiding Additios 
Addition t o  the  F i re  Alarm System - 100-F Area 
F i r e  Sprinkier System - 300 Area l abora to r i e s  Buildings 

UNCLASSIFIED 
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%e c*,rrent; s t a tus  of pro jec ts  aLthorized or awaiting approval is: 

W - 9 1 6  - FLeis Recycle P i l o t  Plant - Construction i s  2 percent complete and 
on schedule. The bulk of construction a c t i v i t y  i s  current ly  centered around 
forming azid pouring concrete foundation w a l l s  and f loo r  s labs .  
1,300 cubic yards of concrete have been placed. One major design change was 
negctiated to provide addi t ional  basement space. 
changes erd eiiminate interference i n  the  storage vaul t  i s  being processed. 

Approximately 

Another t o  make piping 

CAH-9i2 - Burst Test f i c i l i t y  f o r  I r rad ia ted  Zirconium Tubes - Ccr;struczion 
i s  60 Fercent complete compared t o  a scheduled 68 percent. 
occurTed priinarily within the  l a s t  month. 
r e z L t  cf  l a t e  delivery of  engineered eqxLpmellr. The f i v e  contalmen5 rressels 
were mr skipped on September 3, 1963 a s  promised, because of defective fabri- 
ca t ica .  
removing The mrk f’rcm liis shop and completiag t h e  vork locally using J. A .  
JGCCS fcrces .  
October 24, 1963 promised del ivery date.  The Company i s  t ry ing  t o  e-edite 
t he  order.  The sub-contractor’s work i s  essen t i a l ly  complete. The CPFF 
construction services contractor i s  proceedizq - d t h  e l e c t r i c a l  and piping 
work but i s  being held up by t h e  procurement problems discussed above. 

This l a g  has 
Failure  t o  s tay on schedule i s  the 

Failure of the  fabr ica tor  t o  e s t ab l i sh  a dei ivery date  may cecess i ta te  

Delays i n  piacing the  instrument panel order resul ted i L  an 

CAfI-958 - Plutonium n e l s  Testing and hraluat ion laborator ies ,  308 Building - 
Constrxction i s  95 percent complete and on schedule. Scheduled work i s  con- 
t inuing on i n s t a l l a t i o n  of the  metallograph and Faint.ing of w a l l s  and ce i l ings .  

CAH-962 - Low Level Radiochemistry Bulldix - Design i s  99 percent complete. 
The Arch i t ec t -minee r  completed de ta i ied  design fo r  C c d s s i o n  and Company 
review on September 23, 1963. 
was made a t  the  A-E’s  o f f i ces  on September 13. 

Preliminary review of  t he  mechanical d e s i m  

CAH-977 - f i c i l i t i e s  fo r  Radioactive Inhalat ion Studies - Detailed design 
dra-s were received from the  Commission on September L, 1963 fo r  rehew.  
Comment review meetings with t h e  Connnisslon a r e  in progress. 

CAH-982 - Addition t o  Radionuciide F g c i l i t i e s ,  1 4 1 - C  Bulidinq - T i t l e  I 
design drawings were reviewed with the  Commission. 
compiled by the  Cornnisslon f o r  transmitt& t o  t h e  Architect-Erzgineer. 

CGH-992 - A d d i t i o d  Fde; Loadiag Equipment, 308 EMlding - Constmction i s  
99 p e r c a t  complete and on schedule. 
ule Kith exceptions. 
mesh r e t a ine r  will exterrd beyond t h e  scheduled completion date.  
metal mesh is a special  m i l l  fabr icat ion,  and dei ivery i s  not expected u n t i l  
October 1, 1963. 

Comments a r e  being 

The pro jec t  -XU. be complpted on sched- 
& s t a l l a t i o n  of wall acous t ica l  t i l e  and expanded metal 

171re expanded 

The d i r ec t ive  completion date  i s  October 3, 1963. 

UNCLASSIFIED 
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CAH-995 - 309 Eiuilding Air Condi t ion iq  Modifications - Construction i s  
c m p k t e d .  
was a t ta ined  Septeinber io, 1963. 
ve3 t i l a t i cn  system or1 September 13 and 14, 1963. 

Eoneficial use of t he  r e f r ige ra t ion  and ven t i l a t ion  equipment 
Company p lan t  forces  balanced the  building 

CGH-399 - Flilscnium Recycle C r i t i c a l  F a c i l i t y  Conversion t o  Light Water - 
ConwrJstioz i s  50 percent complete and on s c h e h i e .  
are be- assembled. 
ph-tes had numerous surface flaw zlecessitating r epa i r .  
Cr i t ic& Fac l l l t y  and i n s t a a a t i o n  work i s  scliedded fo r  November ll t o  Decem- 
ber 31. 
p r o s a n  

C4E-103 - E g k  T q e r a T a e  i a z i s e  Tes7; Reactcr - NO design has been accom- 
~lisned since vork was s=cp-ped f o r  Lack of U s  on August 23, 1963. AUdi- 
t i o a  imer in  fhnds Fa -eke amount of $63,000 have beexi authorized. Equip- 
nienz deveicpmert and mock-xp wmk 03 prototype items, being funded f r o m  
research and developem money, i s  @All progressing. Testing of po ten t i a l  
m a t e r i d s  crf reactor  construction a t  u t i c i p a t e d  reac tor  temperatures and 
atmos~ke=sc i s  coctinuing , 

W I - i O 5  - F h t G z L m  Recycle Test React.or &@rage &sin a.ad BcperFmental 
FgciLities ModificstLons - A t  t he  request of zfie Coqary, The Commission 
retrrr3ed the  Froject proposa, Kittiom act ion.  A ~ l e w  preliminary proposai, 
a c l i t d i r g  the  uderwater  f u e l  W i n g  equipaent design, w i l l  be submitted 
as a flew project .  
repcrted . 

Control and safe ty  rods 
p l a s t i c  sheets  received f o r  fabricatiori  of gr id  

Shutdown of the  

Sch-edule setbacks were caused by delays in other parts of t h e  EBWR 

Project CAH-io5 i s  therefore  vDided and will no longer be 

cAR-lL4 - C r i n c a i  Mass Iaboratory Additicjn - A preliminary pro jec t  proposal 
i s  a m i t i n g  the  Generai MBLhger's aFproval. 
c r i t e r i a  docmezt a d  p x J e c t  proposal lave  beeL submitted t c  the  Coxmission 
f o r  approval. and r e v i w  r e q e c t i v e l y .  

CA.H-1;6 - PRTR k c o m m i n a t i o n  DDO Cieaslup - Tte preliminary pro jec t  
proposai i s  a v a i t i x  the Gerierti Manager's apprcj-d.  IzZormaL copies of  
t h e  deai= c r i t e r i a  document, d projec t  proposai h v e  been sdbnLtted t o  
t h e  Commission for appro- a d  rev iex  r e s p e c t i v e u .  

Info- copies cf t h e  design 

P=esswe Systems 

h s t a l l a t i o n  of t he  C - 1  ho l ;  was completed this month. 
operatioa,  W a g e  tc; t ke  iL-Fiie sect ion occurred as a r e s u l t  of low coolant. 
fiow. 

During subsequent 

Bmiuation of t k  Tepairs needed i s  under way. 

I 2 3 3  1 9 9  



B e  acdif of  code u t i i i t y  piping systems i n  325, 326, 327, 328 and 329 build- 
i l lga i s  essent. ially complete. Necessary r epa i r  work has been outlined. 

PUaa fo r  i n s t a l l i ng  hydraulic Fresses in 231-2 and 308 were reviewed. 

Engilzeering Services 

Engineering work provLded i n  suFport of design and constrclcsicn on ac t ive  
Frojeets  and on project  proposals and d e s i o -  c r i t e r i a  fo r  new pro jec ts  i n -  
chded .  
reviev of Architect-Engirteer's design on CAH-962 - Low Levsl Radiochemistry 
3xLciiL-g, CAH-937 - Radioactive Idx i l a t ion  Fac i l i t y  (ILLLt-F!, and CAE-982 - 
RadxxcLide  F a c i l i t i e s  (1Ll -C) ;  { 3) develoFment of design c r i t e r i a  fo r  329 
BuiLdrag sadi t ion;  ( h j  scoFe and cost  f o r  u t i l i za t iox i  of 3000 Area head- 
qw-r.srs b i i ld i rg ;  ( 5 )  desi- c r i t e r i a  f o r  F Area f i r e  protecsion; (6) scope 
ar?d 2esign c r i t e r i a  for  a f a s t  reac tor  c r i t i c a l  f a c i l i t y ;  and (7) preLiminary 
sm6y of re locat ion of biology f a c i l i t i e s  t o  300 Area. 

(1) f i e l d  i i a i s o n  and revrlew of shop drawings on CAE-916, FRPP; (2)  

Other engineering and consulting services  were prwided t o  customers as 
requested. Major work items included: 
a? 108-F and methods t o  cvercome the  problem; (2) engineer- development 
fcr fa-mication of  experimentai plutod-an a l ioy  storage casks; ( 3 )  engineer- 
ing f c r  i n s t a i l a t i o n  of  X-ray equipmezk i r r  329 B u i l d i ~ ;  (k)  eagineering of 
fix;ures fo r  N Reactor s ta r tup  -cests; ( 5 )  engineering on operat ior  aad 
develcpment of N Reactor charging machine; (6) engineering development on 
325 cask decontamination f a c i l i t y ;  (7) purchase of meters f c r  laboratory 
waste flow monitorlng; (8) develophg indexing zechanism fo r  f u e l  feed meter- 
ing device; (9) miscellaneous consulting service f o r  t he  Chnmical Rocessiag 
Department; and (10) analysis  o f  PRY9 Thermal shield f o r  increase in poxer 
l eve l .  

(1) study of high background count 

Plant engineeriag work d u r k g  t h e  mmth included: 
power requirements; (2) review of adminis t ra t ive contyol for  use cf emergency 
power; (3 )  invest igat ion of  use of neutron sens i t ive  c r i t i c a l i t y  alarms ra ther  
than gamma sensi t ive;  (4) review of 306 ~uildizig ven t i l a t ion  system; (5) study 
of 308 second :Loor r e s t  room modifications; (5) ccniplsticn of modificatiocs, 
testizg and balancing of 309 SOU and evacuation Cam system; (7) study of 
o f f i c e  addi t ion a% 3i4 ki ld ing;  and (8) miscellazeous engineering consulta- 
t i o n  and a s s i s t a rce  on plant  modification and improvement vork. 

F a c i l i t i e s  Operatior 

(1) esTlma+,e of  f'uture 

Costs fcr t h e  month of August Were $167,01&, which i s  121 percent of t he  
forecast  fo r  the  morith. Tot& COSTS f o r  t he  first +;Et0 months a r e  $291,766, 

UNCLASSIFIED 
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wl?ict i s  113 percent of the predicted.  During this month improvement main- 
tenance costs  were $9,856, as compared t o  the  forecas t  of $15,000. 
t he  magnitude of planned improvements w i l l  requi re  that addi t iona l  f'unds be 
requested ia the  midyear budget review. 

The monthly c r i t i c a i i t y  alarm t e s t s  continue t o  revea l  about two items which 
require  maintenance. 

- However, 

The intensive cleanup program fo r  t h e  325 basement was completed. 

Standard approved HL color sample books have been prepared. 

T.e fclkwing t ab le  munmarizes waste disposal  operation: 

Item - 
Cuncrete waste 
disposed of t o  
ground 

hadluggers  of  
dispcsed of t o  

July 

bar re l s  1 2  
3 0 0 - N  b u r i a l  

dry waste 
300-N b u r i a l  

ground from the  325 Building 

Loadluggers of dry waste 
disposed of  t o  300-Wye bur ia l  
ground from the  325 Building 

Loadluggers of dry  waste 
disposed of t o  300-N b u r i a l  
ground from 300 Area s i t e s  
other  than the  325 Building 

4 

0 

21 

August 

20 

2 

0 

22 

Crib Waste volume, gal .  415,000 g o ,  000 

A revised de ta i led  emergency procedure f o r  disposing contaminated basin water 
has been prepared and i s  being d i s t r ibu ted .  

As of September 16, a l l  
plutonium waste i s  buried a t  Wye burial grounds. 
i s  s e n t . t o  200-W plutonium b u r i a l  ground. 

contaminated waste except high concentration 
Plutonium bearing waste 

On September 27, c r i b  waste disposal  was t ransfer red  from Redox t o  TY c r ib .  
C P D ' s  Waste Ekndling and Decontamination Operation assumed t h e  unloading 
f h c t i o n  from Redox Analytical  Laboratory Operation. 

UNCLASSIFIED 



UNCLASSIEED H-i.4 HW-79046 

B e  f o X o - i i x  changes i n  work assignments were made t o  prcvide be t t e r  service 
i n  3OC Area Hanford Iabora tc r ies '  f a c i l i t i e s :  

1. h!!irtmaace (IPD-F) bas a s s i e e d  a sheetmetal man t o  inspect,  
repa i r ,  or rebui ld  all dampers. 

2. The instrusent  maintenance m c t i o n  f o r  the  building service 
squipment i n  306 has been t ransfer red  f r o m  MID t o  Hanford 
Laboratories' Laboratory Maintenance. 

3.  Ti?e air balance crew is being Increased t o  four t o  meet the 
increasing denznds. Dclring this month, complete a i r  baiance 
vas macie i n  309 and p a r t i a l  ores  i n  308, 306, 325 and 313. 

Draf ti- 

The eqiivaLent of 140 dra-dngs vere  produced during the  mmth fo r  an average 
of 31 man-hours per drawing. 

Major jcbs in progress are:  (1) PRTR as-builts; (2) salt cycle experimental 
fo r  C-celi; (3) preliminary conceptual drawings fo r  f a s t  super -cr i t ica l  reac- 
t o r ;  (4) LLgh temperature gas loop; ( 5 )  HTLTR mock-up core and safety and 
control  rods; (6) ref'raction ccmpounds research glove box; (7) glove boxes 
f o r  232-2 powder processing l i ne ;  (8) drawlngs associated with engineering 
work r e w r t e d  above; and ( 9 )  misceUaneous drawings for Technical Shops 
purchases. 

Drafting work estimated a t  150 man-hours was assigned t o  Vitro Engineering 
C o m p a q .  

Construction Supervision 

Work perforzed by Vitro during the  month amounted t o  380 man-hours. 

Act ivi ty  during the  math on construction work (J. A. Jones Company) being 
performed f o r  Ranford Laboratories components i s  given below: 

Unexpended Balance 

R e g u l a r  Calcination 
Waste 

Orders out standing beginning of  mokh 
Issued during the  month (including 

J. A. Jones expend imes  during 
month (includes C.O. cos ts )  

Eahmce a t  m a t h ' s  end 
Orders closed during month 

suppl. and adj.) 212 287 15 863 

133 811 21 462 
272 726 34 538 
79 161 

UNCLASSIFIED 
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I n  addition, work on fou r  maintenance work orders issued t o  plant forces 
and havicg a face value of $1,982 was supervised. 

Major nonproject jobs in progress are:  
feeder stalls, 1414; (3) modifications and i n s t a l l a t ion  of f ’urn i ture,  141-H; 
(4) i n s t a l l  s i l o ,  141-R; (5) i n s t a l l  hay storage, 100-F Area; (6) construct 
maint.enance shop, 231-2; (7) install glove box, 231-2; (8) i n s t a l l  hood and 
modify vent system, 242-B; (9) install drain l i ne ,  g l - C R ;  (10) construct 
building addition, 292-T; (11) install e l e c t r i c a l  bus, 306; (12) replace 
s te rn  and condensate l ines ,  i n s t a l l  f looring in rooms 101, 102 and 113, 
modify room 125, make s tar tup modifications t o  f u e l  fabr icat ion l i ne ,  i n s t a l l  
-pack machine room ll.2 and re locate  dynapack machine room U, 306; (13) 
inst ,aL shielding and modify gas loop, 309; (14) construct building addition 
EM ins- FRTR tube replacement mock-up, 314; (15) modify c e l l  door, in- 
sfaL basement heat and vent system, renovate rooms 400 and 406, construct 
roof air-sampling room and perform maintenance, 325; (16) install exhaust 
systen, i n s t a l l  f loor  drains, and construct emergency egress, 327; (17) 
rexiovate exterior,  3702; and (18) instal l  cei l ing,  l i g h t s  and dock roof, 

(1) precooling sy6tm, 108-F; (2) 

3718 * 

Five requis i t ions to ta l ing  $8,765 were issued during the  month. 
of eq-aipment being processed is $93,000. 

Total value 

for  Manager 

1 2 3 3 2 0 3  
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REACTOR DEVELOPMENT - 04 PROGRAM 
PLtrrONIUM €ECYCIE PROGRAM 

Plutonium Recycle Test Reactor 

Ope rat iori 

Reactor output f o r  September was 1359 MWD, f o r  an experimental time 
eff ic iency of 79.25 and a plant  e f f ic iency  of 64.7$. 
operating periods during the month, of which one was a continuation of 
a n  August operating period. Two operating periods were t enn imted  f o r  
scheduled refuel ing and planned maintenance, one was terminated by a 
scram, and one continued through month-end. One operating period was 
the  longest uninterrupted c r i t i c a l  period i n  the  h i s to ry  of the reactor .  
A summary of the f u e l  i r r ad ia t ion  program as of September 30, 1963, 
follows : 

There were four 

P r O g W l  
Al-Pu UQ? Puop-uo? Other Totals 

No. MWD No. MWD No. MWD No. MWD No. MWD -- - -  -- -- -- 
In-Core 24 2118.4 

Maximum 144.9 
Average 88.3 

61 5840.1 
149.8 
95.7 

85 7958.5 

In  -Bas i n  ig 1216.8 66 5702.8 16 554.2 1 7.3 102 7481-1 

Chem.Proces. 2 2309.2 - 1 78.0 - - - 222387.3 
Prog.Totals 75 5644.5 67 5780.8 6394.3 1 7.3 220 17826.9 

%O and indicated helium losses  f o r  September were 1654 pounds and 102,328 
scf ,  respectively.  

Approximately 20,000 pounds of $0 was cleaned up f o r  reuse i n  the  prinvlxy 
sys tern. 

Equipment Ekperience 

A t o t a l  of 70 reac tor  outage hours were charged t o  repair vork. 
were : 

Main items 

%O and helium leaks 
Helium c onrpre ss ors  
Instrument air leaks 
In jec t ion  pumps 

17 hours 
15 hours 
10 hours 
8 hours 
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Preventive maintenance required 321 hours or  6.5% of the  t o t a l  mainten- 
ance e f for t .  

Ins ta l la t ion  of the motorized switches at  the PRTR, 13.8 KVA, incoming 
l ine  was completed during the month. 
from one leg of the 13.8 KVA loop t o  the other leg, should Y local f a u l t  

This change permits remote switching 

occur 0 

One new Mark I1 shim rod was ins ta l ied  i n  the reactor during the month. 
Iko relmired shim rods were a l so  instal led.  

The control room c r i t i c a l i t y  alarm system was completed and tested during 
the  Eonth. 
i n  the p r x e s s  area ar,d the control room. 
was a l so  completed during the month and the f i r e  alarm tested.  

'Ibis system permits d i f fe ren t ia t ion  between alarm conditions 
The new building alarm systern 

Improvement Work Status (s ignif icant  items ) 

Work Completed 

Independent c r i t i c a l i t y  alarm system of the  PRTR Control Room 
Control W i r i n g  f o r  13.8 KV Motor Operated Switches 
St i f fener  on FEET Air B a f f l e  
H-80 Relocation and T r i m  Change 
Building Alarm System Modifications 
Compressed Air Supply Revision 

Work Part ia l ly  Completed 

Inl ine Gas Sanpling 
Process Tubes Level Indicator 
I n l e t  Gas Seal ReplaceEnt 
Backup Emergency Power t o  Primary Amrps 
H e l i u m  Compressor Unloading Orifice Modification 
12 5 -Vo It Battery D i s  come c t Con+dc t o r  
F i l te red  Water Amrp #3 
Shim Rod Shroud t o  Top Cap Modification 
Improved RTD Connector Sealant and Bracing 
#2 Exide 125-V Battery Charger 
Flash Tank Modification 
Ins t rment  Power Transfer System 
Light Water Ljection'System Modifications 

Design Work Completed 

Thermistor Probe Ins ta l la t ion  i n  FEEF 

1 2 3 3 2 0 5  
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b s i m  Work P a r t i a l l y  Campleted 

Additional Fuel Storage and Examination F a c i l i t y  
Vibration Snlibbers f o r  Earthquake Protection 
Decontamination Building and %O Cleanup F a c i l i t y  
Flux Wire Scanning System 
Supplerental Ehergency Water Addition 
Permanent Ins t a l l a t ion  of Closed Circui t  TV 
Indication of DC Solenoid Fai lure  
Rup%ure Monitoring System Modifications 
Emergency Persome1 Air Lock Door Operators 
PRTR Increased Power Level 
Battery Power f o r  Galvanmeter Light 
PRm Data Handling System 
k a c t a r  Automatic Cmt ro i l e r  
Hclldup Tank - High k v e 1  Alarm 
Ccntainment Valve By-pass f o r  Sump F'umpout Lines 

Process Engineering and Reactor physics 

PRTR %st No. 65 (Deaera5or Eff ic iency)  was completed during the  month. 
The t e s t  r e s u l t s  shared t h a t  the loss of the deaerator cone resu l ted  i n  
a s l i g h t  loss i n  deaerator e f f ic iency  and an increased oxygen s t r a t i f i c a -  
t i o n  i n  the water i n  the  deaerator.  This s t r a t i f i c a t i o n  has caused a 
p i t t i n g  corrosion a t t ack  of the deaerator walls. 
a r re s t ing  the p i t t i n g  a t t ack  are now being evaluated. 

Recammended rpethods of 

A new method of rupture locat ion was successful ly  used t o  loca te  defect  
f u e l  element number 5203, a 1% moxtyl, on September 20. The coolant 
flow through each tube was first th ro t t l ed ,  then the  a c t i v i t y  of the 
gases a t  the top  of the tube was measured while t h e  nozzle cap was 
being removed. 

Procedures 

Operating Procedures issued 
Revised Operating Procedures issued 
Revised Operating Standards issued 
Temporary Deviations t o  Operating Standards issued 
Revised Process Specif icat ions accepted f o r  use 
Equipment Standards issued 
Equipme3t Manuals issued 

&awing As -Built  Status  : 

Appra-rS f o r  A s - B u i l t  
In  Drafting 
In  Approval 
Ik l e t ed  o r  V2ided 

ScheddES for Review 

Total  

1 014 
23 
14 
81 

1 132 

- 

- 
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Manhous 
Personnel Training : 

Qualif icat ion s a j e c t s  2 57 
S>ecifications,  Stmdards,  Procedures 43 
l3mrgency Procedures 9 
Maintenance P r o c e d m s  

S t s t =  of Qualified Personnel a t  Month-End: 

b l i f i e d  reactor  engineers 
Bia l i f ied  lead technicians 
Qciaiified t e c h i c i a n s  

9 
6 

17 

Experinental Reactor Services 

The status of the various t e s t  elemsnts at  the end of Se-gtemger 1963, i s  
shown beiow. 
o r  had been permanently discharged f o r  other reasons p r i o r  t o  Septsmber 2,1963, 
have been deleted from t h i s  tab le .  

Those elements which had reached t h e i r  assigned goal  exgosure 

Approx. 
Date -Ac c - m  - 

Test Channel F.E. Init ial  Date Dis- l a ted  - No. LocatAon Number Description Charae charmd MWD 

14 1956 5097 
14 1352 5098 
14 1758 5099 
37 1097 
37 1552 1098 
37 1584 10% 
37 1651 11m 
48 2 53 5150 
47 5121 
47 1653 51% 
47 1453 5143 
54 1542 5116 
54 1554 5118 
61 144 3 5185 
61 1756 5186 
61 1847 5187 
61 1455 5192 

Moxtyl -Swaged 
MOxtyl-8i~C 
Moxtyl -Vipac 
U Q  Fhysics 
UCQ pnysics 
UO2 Fnysics 
U+ Physics 

Unautocleved IX Pu-A2 
Unautoclaved IX Ai-& 
Unautoclaved LX Pu-A1 
~ o x t y l  (clip-on pads) 
M O X L Y ~  (clip-on pads) 
Moxtyl-Phys i c s  
Moxt yl -Physic s 
Moxtyl -Physic s 
Moxtyl-Physics 

Moxtyl (&'I x 4" pads) 

4/2/62 
5/8/62 
5/8/62 

5/12/62 
5/=/62 
5/2/62 
5/E/!52 
8/1/62 

6/13/63 
7/6/63 
7/6/63 
5/8/62 
5/8/62 

5/28/63 
5/28/63 
5/28/63 
6/ 131 6 3 

Survey calculat ions were p e r f o m d  on mixed oxide fuel elements cavering the  
enrichment range from 0.L8 w/o t o  5 w/o Pu@ i n  U02. Parameters of in te r -  
est  were r e l a t i v e  power production i n  constant flux, flux depression within a 
c k s t e r  and unit c e l l  multiplica%ion fac tor .  The results Gf t h i s  study were 
transmitted t o  Fuels Testing and Analytical  Operation. 
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Three fuel elements received de ta i led  inspection i n  the Fuel Element 
Examination F a c i l i t y  (FEEF) and one was inspected i n  the basin.  
the three e l e m n t s  inspected i n  the  FEEF, one was accepted and two  
were rejected due t o  badly worn w i r e  wraps. 
the basin was disassembled and fou r  rods were shipped t o  Radionretallurgy 
f o r  study. 

Of 

The element inspected i n  

%e MGO fuel element which failed a year ago was buried i n  the 200-W 
burial ground. 

V i s u a l  exemination of 15 process tubes showed one tube t h a t  had an in-  
crease i n  > .010" deep marks i n  the tube. 
been s7heduled f o r  remove1 and destruct ive t e s t i n g  was removed. 
of the tube was shipped t o  Radiometallurgy f o r  burst t e s t .  

Mockup of the Process Tube and Fuel Handling Carriage and the  Gamma 
Scanner have been completed. 

%is tube, which had previously 
A sect ion 

Plutonium Recycle C r i t i c a l  F a c i l i t y  

The r eac t iv i ty  measurement s e r i e s  f o r  Pu f u e l  samples was completed, includ- 
ing reruns with d i f f e ren t  techniques t o  obtain confirming data. 

The first i r r ad ia t ed  f u e l  measurement was completed on September 13. 
complete cycles of i r rad ia ted  f u e l  handling were perfornred with a f'uI.1- 
s ized PRTR e l e m n t  (Pu-Al) and with l+O coolant. 
obtained from these preliminary measurements. 
i n t e g r i t y  was again checked and found t o  be adequate. 

Two Process Specifications were accepted f o r  use during the  month. 

Two 

Crude worth data was 
Biological shielding 

f i e 1  Element Rupture Test F a c i l i t y  

Operation 

Seven hot operating runs were conducted during the  month. 
runs were of f a i r l y  short  duration and were  terminated under controlled 
conditions f o r  maintenance work. 
conditions which would have caused a r eac to r  s c m .  
pressure condition caused by failure of the  pressure cont ro l  valve 
pos i t ioner .  

Most of the  

Oply one run was stopped because of 
This was a high 

A more r e l i a b l e  pos i t ioner  has been i n s t a l l e d .  

UNCLASSIFIED 
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Improvment Work Status 

1-6 

Work Cowleted 

Tes t  Section Emergency Water Inject ion 
Ehergeney Power t o  Decontamination Pump, RLP-2 
Revised Cleanup System Pressure Relief 
Relocation of PSCD Relief Valve 

W9r-k Pzr+,ially Completed 

W e t - j  Circui t  Bypass Switch 
Revised I a w  Pressure Relief 

Procedures 

Operating Standards issued 

Personnel Training : 

Operating Procedures 
Maintenance Procedures 

1 

Manhours 

225 
132 
- 

HW-79046 

GAS COOLED POWEl REACTOR PROGRAM 

Pressurized Gas-Cooled Loop F a c i l i t y  

Operation of t he  Gas Loop a t  design temperature of 1500' F was achieved d w i c g  
the  month. 

TECHNICAL SHOPS OPE€W?ION 

Total productive time f o r  t he  period was 24,068 hours. 
hours performed i n  Technical Shops, 4,320 hours assigned t o  J. A. Jones Compmy, 
5,878 hours assigned t o  o f f s i t e  vendors, and 76 hours t o  other  pro jec t  shops. 
Total shop Sacklog is  20,632 hours, of which 905 is required in the  current 
month with the  remainder d i s t r ibu ted  over a three-month period. 
during the  month to t a l ed  565 hours o r  3s of the  t o t a l  avai lable  hours. 

This includes 13,794 

Overtime worked 
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Distribution of time was as-fol lows:  

HW-79046 

Manhours $of Tota l  

N Reactor Department 3 212 13.35 
I r rad ia t ion  Processing Departmnt 3 606 
Chemical Processing Depa&n?nt 247 

70 65 W o r d  Laboratories 17 003 
W o r d  U t i l i t i e s  and Purchasing Op. 0 

14.98 
1.02 

- 

Tot61 productive time was 17,400 hours of 19,200 hours po ten t i a l ly  a v a i k b l e .  
O f  the  t3-l productive t i m e ,  91$ was expended i n  support of Hanford 
Iaborator ies  components with the remaining g$ directed toward providing 
service for other HAP0 organizations. 
was as follows : 

Manpower u t i l i z a t i o n  fo r  September 

A. Shop Work 1 800 hours 

B. Maintenance 6 100 hours 

1. 
2. 
3. 
4. 

C. R&D 

Preventive Maintenance 1 800 hours 
Emergency or  Unscheduled lkintenance 1 600 hours 
Normal Scheduled Maintenance 2 700 hours 
Overtine (Included i n  above f igu res )  830 hours 

Assistance 9 500 hours 

WD Richmond:bk 

-ger 
Test Reactor and Auxiliaries 

UNCLASSIFIED 
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INVENTIONS OR DISCOVERIES 

Al l  pe r sons  engaged in work that  might reasonably be expected to result 
in inventions o r  d i scover ies  advise  that,  to t h e  bes t  of t h e i r  knowledge and 

belief, no inventions o r  d i scover ies  w e r e  m a d e  in  the  c o u r s e  of t h e i r  work 
during the  per iod  covered by this  r e p o r t  except as l i s t ed  below. 

pe r sons  fu r the r  advise  that, f o r  t h e  per iod  the re in  covered  by th is  repor t ,  
notebook r eco rds ,  i f  any, kept in  t h e  c o u r s e  of t h e i r  work have been 
examined f o r  possible  inventions o r  d i scover ies .  

Such 

INVENTOR 

H. L. Libby and 
C. R. Wandling 

T I T L E  O F  INVENTION OR DISCOVERY 

An Eddy Cur ren t  Tubing T e s t e r  with 
Signal P a t t e r n  Display and Graphical  
Nulling F e a t u r e s  

I 

Manager  , H anfo r d Lab0 r at0 ri es 
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