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BUDGETS AXD COSTS 

Cos ts  for  May w e r e  $1, 843, 000, an i n c r e a s e  of $11, 000 f r o m  the month of 
April .  F i s c a l  year - to-da te  cos t s  are  $17, 845, 000 o r  8570 of the operat ing 
budget of $20, 959,  000. 
i nc reased  $449, 000 during May due to; 

Hanford Labora to r i e s  operat ing budget for  F Y  1959 

Inc rease  in Plutonium Recycle  P r o g r a m  resu l t ing  
f r o m  a t r a n s f e r  of $200, 000 f r o m  equipment and 
r ece ip t  of an additional $200, 000 f r o m  AEC 

Inc rease  in  Swelling Studies provided by a t r a n s f e r  
of $25,  000 f r o m  I P D ' s  MWit ime Gas  Loop 

Inc rease  in CPD sponsored  Weapons R and D 
P r o g r a m  

D e c r e a s e  in CPD sponsored  Separat ions Development 

Inc rease  in  two U. S. Air F o r c e  sponsored  p r o g r a m s  
Plutonium Inhalation Studies 
Atmospher ic  Diffusion Studies 

RESEARCH AND DEVELOPMENT 

1. Reac tor  and Fue l s  

$400, 000 

25, 000 

14, 000 

( 4 5 ,  000) 

24, 700 
30, 000 

PRTR construct ion phase completions v e r s u s  schedules  are: P h a s e  I, 
98. 570 v e r s u s  99.470; P h a s e  11, 9970 v e r s u s  10070; P h a s e  II-A, 8470 
v e r s u s  10070. 

PRTR los s  -of-coolant incidents ana lyses  by Bat te l le  a r e  essent ia l ly  
complete .  

Eighty- three Zircaloy-2 PRTR p r o c e s s  tubes have been inspected and 
accepted at the vendor ' s  plant, and approximately 14 m o r e  potentially 
good tubes are  near ing  completion. 
a l r eady  at Hanford. 

The first fifty of these  tubes are 

The f i r s t  BMI tempera ture-cyc l ing  c r e e p  test (out-of-reactor)  on 15 
percen t  cold worked Zircaloy-2 is r e a s s u r i n g  in  that the  ove ra l l  c r e e p  
w a s  not significantly inc reased  by r e o c c u r r e n c e  of p r i m a r y  c r e e p  with 
each  t e m p e r a t u r e  cycle.  

Labora tory  t e s t s  show the hydriding of Zircaloy-2 by molecular  hydro-  
gen is dependent on both the t empera tu re  and the amount of water  vapor  

1 2 4 0 3 3 0  
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or oxygen in the hydrogen. 
is sufficient to completely 
t e s t s .  

At 409 C ,  0 . 1  m m  of Hg water vapor p r e s s u r e  
inhibit the liydriding reac t ion  i;i s h o r t - t e r m  

T h e r m a l  expansion coefficients of r e a c t o r  graphi tes  may a s s i s t  in s e l ec t -  
ing graphi te  types which a r e  m o r e  dixxensionally s tab le  ;yheil i r r ad ia t ed  
a t  high t e m p e r a t u r e  (500 C and above).  
g raphi tes  a r e  undergoing i r r ad ia t ion  testing. 

At leas t  t h r e e  promising NPR 

T h r e e  7-rod c lus t e r  fuel e lements  w e r e  discharged f r o m  the ETR 3x3 
loop a f t e r  opera t ing  in 280 C coolant to an exposure  of 900 ILIWD/T. 
generat ion ranged f r o m  7 0  to 114 k w / f t .  

Power  

Six prototype NPR 7-rod c lus t e r  e lements  w e r e  built dur ing th,e month in 
t h r e e  lengths:  one, two, and t h r e e  feet .  Assembly was zccoinplished 
within the dimensional  to le rance  of 0. 010-inch on the outs ide d i ame te r  2nd 
within the rod  to rod  spacing to le rance  of 0. 003-inch, employing proto-  
typical end s p i d e r s  and in te rmedia te  spacing devices .  

Eight tube-tube Zi rca loy  coextrusion clad e lements  w e r e  constructed of 
NMI s tock for  i r r ad ia t ion  in the KER loops. 
was charged into KER-1 in May. The e lement  containing U-2% Zi rca loy  
fuel  wi!l be d ischarged  for  examination a f t e r  250 MWD/T exposure.  An 
additional tube-tube e lement  h a s  been shipped to the ETR for  i r rad ia t ion  
in the 6x9 faci l i ty  at about 360 kw/ f t .  
the calculated t e m p e r a t u r e  is 700 C. 

The first tube-tube element  

Goal exposure is 2000 MWD/T, and 

Equipment for s imultaneously hot bonding both ends of fuel r o d s  12  inches 
long p repa ra to ry  to  end c losu re  h a s  been developed. 
in producing 7-rod c lus t e r  e lements  for  KER testing. 

It will  be employed 

P repa ra t ion  of approximately 1200 pounds of a r c  fused UOg was  completed 
by the Norton Company as p a r t  of the P R P  fuel  development p rogram.  

Radiation damage  effects in U 0 2  a r e  being studied by metal lographic  
examination of polished and etched s u r f a c e s  and by fractography.  Small  
voids which have been detected a t  g ra in  boundaries  in  U 0 2  i r r ad ia t ed  to 
0. 015 a / o  burnup are p resumed  to arise f r o m  migrat ion of gases  trapped 
during the fabricat ion p r o c e s s e s ,  generat ion and migrat ion of f iss ion 
gases ,  or a combination of both mechanisms.  
i r r ad ia t ed  to  0. 022  a / o  burnup is expected to r e v e a l  t r e n d s  in the  r ad ia -  
tion behavior of U 0 2 .  

Examination of m a t e r i a l  

P o s t  - i r rad ia t ion  examination of Pu-enriched,  U 0 2  fuel  c l u s t e r s  h a s  
revea led  re la t ive ly  l i t t le of the cracking and fragmentat ion observed  in  
i r r ad ia t ed  U 0 2 .  

I 2 4 0 3 3  I 
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A mixture  of plutonium ca rb ides  has  been made by heating plutonium meta l  
and carbon in vacuo a t  1050 C. PaC arid pU2C3 have been identified. 

Exper imenta l  roll compacting of me ta l  clad c e r a m i c  m a t e r i a l s  has  been 
init iated.  
c e r a m i c  densi ty .  

Fo r ty  percent  reduct ion has resu l ted  in 7570 of theore t ica l  

Defected e lements  of Zircaloy-clad 2s aluminum showed only slight swel l -  
ing after 30 hour s  in .300  C pH 9 water .  

2 .  Chemica l  R e s e a r c h  and Development 

Labora tory  r e s u l t s  continued to provide support  for P u r e x  plant extract ion 
of neptunium by s i m p l e r  and less expensive p r o c e s s  methods.  In addition, 
the u s e  of dibutyl butyl phosphonate (DBBP) looks encouraging as a specif ic  
ex t rac tan t  for  r ecove ry  of neptunium f r o m  P u r e x  aqGeous w a s t e  (1WW). 

Continuing work on the r ecove ry  of spec i f ic  fission products  included study 
of opt imum c e r i u m  and prometh ium sulfate precipi ta t ion f r o m  a synthet ic  
P u r e x  waste  s o u r c e  (1WW). P r e l i m i n a r y  exper iments  for  separa t ion  of 
r a r e  e a r t h s  by ion exchange techniques were  init iated.  In addition to 
precipi ta t ion p r o c e s s e s ,  tall o i l  (a high molecular  weight fatty acid) and 
di-2-ethyl hexyl phosphoric acid show p r o m i s e  of being useful  fo r  the 
extract ion of c e r i u m  and s t ron t ium f r o m  neut ra l ized  P u r e x  1WW waste .  

Very  effective separa t ion  of deuter ium f r o m  hydrogen-deuter ium mix tu res  
w a s  demonst ra ted  by a hydrogen displacement  technique in a column of 
"Raney" pal ladium d i spe r sed  on a sbes tos .  
calculated with da ta  f r o m  the experiment .  

Excess ive  fines w e r e  produced when s imulated U 0 2  r e a c t o r  fuel rods  w e r e  
cut  up in  a hydraul ic  s h e a r  under  wa te r  with cons iderable  suspension of the 
fines occur r ing  throughout the water  s y s t e m .  On the o the r  hand, s imulated 
NaK bonded fuel was  cut (by sawing) under  ine r t  gas  blanketed w a t e r  with 
sa t i s f ac to ry  r e su l t s .  
hazardous .  

A separa t ion  fac tor  of 45 w a s  

NaK reac t ion  with the w a t e r  is rapid,  but not 

Pi lot  P lan t  s tud ie s  of the Niflex (HN03 - HF) dissolution p r o c e s s  in the 
Hastelloy F d i s so lve r  w e r e  completed and the unit is being converted to 
s tudy Sulfex (H2S04) dissolut ion on a l a r g e  sca l e .  Corros ion  of Hastelloy F 
equipment by HNO3 - H F  mix tu res  r e m a i n s  a problem which may negate  the 
u s e  of this  reagent  except for spec ia l  purposes .  
of Hastelloy F exhibited excess ive  co r ros ion  in Darex  (HNO3 - HC1) media 
a t  the l iquid-gas interface.  

A heat  t r a n s f e r  su r f ace  

The u s e  of high concentrat ions of f e r r i c  ion in n i t r i c  acid d i s so lve r  solu-  
t ions to vield s t ab le  feed solutions of U-Mo r e a c t o r  fuels continues to u 

look good. Scouting s tudies  of the behavior of these  feeds in the R&xb A% 

'I 2 4 0 3 3 2  
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p r o c e s s  w e r e  genera l ly  favorable .  

Cycling U 0 2  into solution in fused NaC1. KC1 by phosgene o r  chlor ine 
oxidation with subsequent  reduct ion to a U 0 2  prec ip i ta te  continues to be 
an  a t t rac t ive  pyrochemica l  method for c e r a m i c  fuels process ing .  The 
study w a s  extended during the month to include the behavior of i r r ad ia t ed  
U02 spec imens ,  in par t icu lar ,  the rou te  of f iss ion products  during the 
cycle.  

Exper iments  with the rad ian t  heat  s p r a y  c a k i n e r  showed neutral ized 1WW 
P u r e x  w a s t e  to be a problem because sodium ni t ra te  in the was te  formed 
a coating on the radiat ing wa l l s  and r equ i r ed  shutdown of the unit. 
addition of s u g a r  to the was te  a l leviated the problem by reac t ing  with the 
n i t r a t e  p re sen t  and producing w e l l  behaved product powder which is p r e -  
dominantly sodium carbonate .  

The 

The f i r s t  exper iment  with 47  foot long so i l  columns showed behavior 
genera l ly  pred ic tab le  f r o m  extrapolat ion of previous r e s u l t s  of s h o r t e r  
columns.  The rad ios t ront ium used  eluted in  a fashion to show that the 
adsorpt ion-desorpt ion front in the column becomes be t te r  defined with 
increas ing  column length. 

3 .  Phys ic s  and Ins t rument  R e s e a r c h  and Development 

In the improved production r e a c t o r  p rogram,  a series of exponential  pile 
m e a s u r e m e n t s  using solid na tu ra l  u ran ium rods  2 .  5 inches in d i ame te r ,  
has  been completed.  
concent r ic  tube fuel e l emen t s .  

Work is in p r o g r e s s  on solid 1. 92-inch rods  and 

In the nuc lear  sa fe ty  field, exper iments  continued to obtain c r i t i ca l  m a s s e s  
under  va r ious  conditions for  3'7'0 enr iched  N P F  fuels .  
p rob lems  in this  field continued a t  a numer ica l ly  high level. 

Consultation on 

Measurements  w e r e  completed on the  la t t ice  for the Allis  Cha lmers -  
K a i s e r  Engineers  gas-cooled r e a c t o r .  P r e l i m i n a r y  numer i ca l  values  
w e r e  obtained fo r  the la t t ice  p a r a m e t e r s .  Meanwhile, theore t ica l  and 
exper imenta l  work w a s  in  p r o g r e s s  to de t e rmine  the effect iveness  of a 
proposed cont ro l  rod  in this  s a m e  latt ice.  

TWO exper imenta l  nuclear- incident  a l a r m s  successfu l ly  pas sed  t e s t s  a t  
Los Alamos where  faci l i t ies  a r e  avai lable  for  s imulat ing such  incidents.  
Meanwhile a r ecen t ly  cornpleted study indicated that ea r ly  warning of a 
potent ia l  cr i t ical i ty  incident may be obtainable in s o m e  c a s e s .  

Orde r ly  p r o g r e s s  w a s  made on the many p ro jec t s  in the ins t rument  field. 
Of spec ia l  i n t e re s t  w a s  the  opening of a lead which may substant ia l ly  
improve  the sens i t iv i ty  of f i lm badge readings .  
of the Vern ie r  Chronotron w a s  successfu l ly  tes ted.  

Also, an improved model 

1 2 4 0 3 3 3  
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4. 

5. 

The m a s s  s p e c t r o m e t e r  constructed for  a Washington Designated P r o g r a m  
w a s  used  on a plutonium sample  fo r  the f i r s t  t ime  this month. The r e su l t s  
ag reed  with ana lyses  done a t  ORNL on the s a m e  sample .  

In the bas i c  data  field, a r r angemen t s  w e r e  completed to extend ou r  in te r -  
nat ional  compar ison  p r o g r a m s  on graphi te  c r o s s  sec t ions  to include 
West Germany.  

Biology 

Bean plants  grown in nut r ien t  solut ions containing' widely differing ra t ios  
of s t ron t ium and calcium contained essent ia l ly  the  s a m e  ra t io  of these  
two ions in\ the whole plant as in the nutr ient  solution. 

A second ewe fed 1. 5 p c  of 
y e a r s  (after being born to and weaned f r o m  a dam on the s a m e  rad io -  
iodine r eg imen)  showed a thyroid tumor  a t  autopsy. 

daily for the pas t  four and one-half 

P rogramming  

A study of power producing radioact ive isotopes showed that U-232 and 
i t s  daughter  Th-228 have s ignif icant  potential. These  isotopes could be 
produced by the i r r ad ia t ion  of Th-230 which is avai lable  f r o m  na tu ra l  
u ran ium.  

The Monte Car lo  and assoc ia ted  port ions of the  RBU computer  code are 
now in usable  condition. A s a m p l e  problem di rec t ly  applicable to the 
Plutonium Recycle  P r o g r a m  has  been run .  

React.or effluent w a t e r  problems w e r e  reviewed and recommendat ions 
made  concerning a new c o u r s e  of action with r e s p e c t  to the d i r e c t  d i s -  
posa l  of effluent s t r e a m s  to the r i v e r .  

TECHNICAL AND OTHER SERVICES 

The development work r equ i r ed  to ut i l ize  genera l ized  c l a s s i ca l  l inear  methods 
of es t imat ion  in connection with the investigation of causa l  in te r re la t ionships  
has  been completed.  
techniques to formula te  plant models .  

A complete  p r o g r e s s  r e p o r t  on the Z Plant  Information Study w a s  presented  to 
in t e re s t ed  manage r s  and a proposed t e s t  p r o g r a m  agreed  upon. 

Emphas i s  wi l l  now be placed on the  utilization of these  

I r rad ia t ion  P r o c e s s i n g  Depar tment  has  reques ted  that work on s y s t e m s  re-  
liability previously initiated by C E  & UO'be  continued and extended. 

Data f r o m  the r e c e n t  PRTR containment v e s s e l  t es t  a r e  being evaluated in 

1 2 4 0 3 3 4  
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o r d e r  to de t e rmine  the prec is ion  of leakage r a t e  e s t ima tes  arid obtain a 
bas i s  for  improved p rocedures  in future  t e s t s .  

Work on 2 opera t ions  r e s e a r c h  s tudies  and 8 operat ions analysis  p rograms  
continued during the month. TWQ new operat ions ana lys i s  p r o g r a m s  were  
defined, one an  offshoot of the development work connected with the input- 
output s imulat ion study and the o ther  a r e s u l t  of previous s t a t i s t i ca l  work. 
In addition, s t a t i s t i ca l  and mathemat ica l  ana lys i s  on 19 problems w a s  given 
within HLO and to o the r  depar tments  and ope ra t '  ions.  

No new c a s e s  of plutonium deposit ion w e r e  confirmed during the month. The 
total  number of deposit ion c a s e s  which have occur red  a t  Hanford remained  a t  
229. 
deposition of plutonium. 

T h e r e  are 161 employees cu r ren t iy  employed who have a measu rab le  

T h e r e  w e r e  21 authorized p ro jec t s  at month ' s  end with to ta l  authorized funds 
of $8,423,  000. The to ta l  es t imated  cos t  of t hese  p ro jec t s  is $8, 606, 500. NO 
p ro jec t s  w e r e  completed during the month. Two new pro jec ts  a r e  awaiting 
AEC approval .  Six pro jec t  p roposa ls  a r e  in prepara t ion  and four w e r e  com- 
pleted and a r e  in p r o c e s s  of being submit ted to AEC. 

Total  productive t ime  for  the month in Technical  Shops w a s  17,102 hours .  
This  includes 13, 358 hour s  per formed in the Technical  Shops, 852 hours  ass ign-  
ed to Minor Construct ion,  122 hour s  to o ther  pro jec t  shops,  and 2,  770 hours  to 
of f - s i te  vendors .  
r equ i r ed  in the c u r r e n t  month, with the r ema inde r  dis t r ibuted over  a th ree  
month per iod.  

The to ta l  shop work backlog is 22,112 hours  of which 50% is 

During the month Radiographic  Test ing Operation moved' to  labora tory  faci l i t ies  
in White Bluffs. PRTR fac i l i t i es  at th i s  location for  pickling and autoclaving 
z i rconium p r o c e s s  tubes are near ing  completion. Product ive work during the 
month w a s  low due to  the move. T e s t s  totaled 2 , 9 2 6 .  

The Cont rac t  for construct ion of the C r i t i c a l  M a s s  Labora tory  w a s  awarded 
to  the low bidder,  Howard S. Wright Construction Company, at a p r i c e  of 
$442, 025. The fair cos t  e s t ima te  for  the work was  $408, 000. 

Construction of the  306 Building Addition is proceeding on schedule.  Design 
work is behind schedule  due to the addition of design work for  the Chemical  
P r o c e s s i n g  Area .  The construct ion con t r ac to r s  schedule  will  be extended 
when the chemica l  p rocess ing  a r e a  construct ion work is negotiated,  but this  
is not expected to extend the to ta l  job schedule .  

In- reac tor  equipment for  the 6x9 test hole in the ETR at Idaho Falls was 
completed.  
operat ing t e m p e r a t u r e  with fuel  e lements  is expected to be accomplished in 
June. 

A non-fuel bear ing  exper iment  is now being opera ted ;  tes t ing a t  

1 2 4 0 3 3 5  
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SUPPORTING FUNCTIONS 

Reconciliation work in  connection with the physical  inventory of uninstalled 
cataloged equipment in the custody of Chemica l  R e s e a r c h  and Development 
is complete .  Significant s t a t i s t i c s  are: counted w e r e  2, 468 i t e m s  valued 
a t  $1, 751, 803; miss ing  w e r e  10 i t e m s  valued a t  $2, 973. 

A f inal  draf t  of the t r a v e l  manual  has  been reviewed and should be ready  
for  i s suance  shor t ly .  
obtaining authorization, funds and accounting for the i r  t rave l .  

It should provide a s s i s t ance  to those t rave l ing  in  

P e r s o n n e l  Accounting c l e r i ca l  functions were  t r a n s f e r r e d  to Contract  and 
Accounting Operation effective Apr i l  2 7 ,  Two people r e m a i n  in the HLO 
Financial  Operat ion to handle the n e c e s s a r y  field bus iness .  

Funds f r o m  spec ia l  budgets for  attendance a t  off-si te c o u r s e s  and p r o f e s -  
s iona l  soc i e t i e s  for F Y  1959 a r e  a lmos t  totally commit ted a t  the end of May. 

At month 's  end, the staff of the Hanford Labora to r i e s  totalled 1234 employees,  
including 580 exempt and 654 nonexempt employees ,  
employees posses s ing  technical  deg rees ,  including 286 B.S., 110 M.S. and 101 
Pn. D. 

T h e r e  were  497 exempt 

Tours  w e r e  provided during May for 95 high school  s tudents ,  
s c i ence  and engineer ing s tudents  and 25 pres iden t s  and faculty m e m b e r s  of 
Washington junior  col leges .  

80 college 

Radiation Pro tec t ion  Operation provided display ma te r i a l  and guides to Armed  
F o r c e s  Day Open Houses a t  Larson  Air  F o r c e  Base  and Umati l la  Ordnance 
Depot. 

At the May meet ing of the HLO Suggestion Board four awards  total l ing $120 
w e r e  gran ted .  Awards for Hanford Labora to r i e s  for  the ca lendar  y e a r  total  
$935.  

A Labora to r i e s  employee on educational leave,  Jack  L. Poe,  w a s  awarded a 
Genera l  E l e c t r i c  s cho la r sh ip  for the  1959-60 school  y e a r .  

Labora to r i e s  personnel  worked a total  of 188,800 man-hours  during the month 
with no disabling in jur ies .  Since September  1, 1956 a total  of 6 ,275,  127 man- 
hours  have been completed with no disabl ing injur ies .  

The medical  t r ea tmen t  f requency for  May was 1 .58  compared with 1.49 last 
month . 

T h e r e  were  no secu r i ty  violations in the Labora to r i e s  in the month of May. 
T h e  total  for the y e a r  r e m a i n s  a t  16 .  

1 2 4 0 3 3 b  
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One P h .  D. candidate,  a physiologist ,  accepted an HLO of fer  during the month. 
For the c u r r e n t  y e a r  to  da t e ,  t h e r e  have been ten Ph. D. acceptances for  HAPO. 

Thi r teen  experienced RS/ MS acceptances were  rece ived  during the month. 
Seventy-one acceptances  fo r  Technical  Graduate  ass ignments  have been received 
and these  new employees wi l l  be signed on the payro l l  during June ar,d July.  

T h r e e  Technical  Graduates  w e r e  added to the Training P r o g r a m  and one per -  
manent placement  was  effected with 28 remain ing  on the P r o g r a m  a t  month 's  
end. The f i r s t  s u m m e r  employee, a college junior ,  was added to the payroll 
during the  month. 

Nineteen requis i t ions  w e r e  fi l led during the month. With r ece ip t  of 17  new 
requis i t ions,  t h e r e  a r e  cu r ren t ly  44 nonexempt openings, for which 28 candi- 
da tes  a r e  in  p r o c e s s  and 4 t r a n s f e r s  pending, w-ith 12 candidates yet to  be 
p rocured .  

HM P a r k e r :  bms 

1 2 4 0 3 3 1  
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REACTOR AND FUELS RESEEiRCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 2000 PROC-RAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Corrosion Symposium. 
HAP0 on May 12  through May 1 5 .  Forty papers on various corrosion subjects 
were presented by authors from 14 d i f f e ren t  s i t e s .  
cluded a n  evening panel discussion on the "Major Corrosion Problems i n  
Reactor Development." 
s i tes ,  as w e l l  as by W O  personnel. 

The 8 t h  Annual AEC Corrosion Symposium w a s  held a t  

The program a l s o  i n -  

The meeting was attended by 63 people from 29 other 

Fuel Element Rupture Kinet ics .  
defected fue l  element samples autoclaved i n  200, 250 and 300 C water and 
475 C steam. 
with an  assembled diameter of 0.6 inch. They were beta- t reated a t  730 C 
f o r  10 minutes followed by 10 minutes a t  600 C and then a i r  cooled. 
were defected with a 25-mil hole d r i l l e d  through the  cladding in to  the 
core.  
e ra t ion .  The r e s u l t s  t o  date  can be described by an  induction time f o l -  
lowed by an i n i t i a l  r a t e  which i s  maintained during corrosion of the  f i rs t  
20 t o  30 grams of core material. 
the  next 30 t o  40 grams of core corroded. 

Rupture r a t e  curves have been measured f o r  

The samples were coextruded Zircaloy-2 clad uranium cores 

They 

Rate curves were determined by measuring the  r a t e  of hydrogen gen- 

This i s  followed by a higher r a t e  f o r  
Typical data a r e  as follows: 

Induct ion I n i t i a l  Rate, Final Rate, 
Temp Pressure Time Grams U/min. G r a m s  U/min .  

200 c 500 ps ig  17.5 hrs .  0.12 
250 c 1500 100 min. 0.38 
300 C 1500 " 50 0.18 
475 C 1500 " 36 'I 0.20 

0.4 
1.20 
1.14 
1.38 

The da ta  a t  300 C are based on f ive  determinhtions and the  other data  a re  
based on one run a t  each temperature. 
these temperatures. 
temperature. 
t i v e l y  insens i t ive  t o  temperature, those a t  250, 300, and 475 C being 
e s s e n t i a l l y  the  same within the  experimental limits. 
be repeated a t  1500 ps ig  pressure;  however, preliminary indicat ions are 
tha t  the  pressure i s  not an  important parameter. 

Duplicate samples w i l l  be run a t  

The rupture r a t e s  inferred from H2 release rates are r e l a -  

The 200 C run w i l l  

The induction times decrease markedly with increasing 

A sample of U - Z$ Z r  core mater ia l  coextrusion-clad with Zircaloy w a s  
predefected and autoclaved a t  300 C, as above. The rupture r a t e s  were 
s ign i f i can t ly  lower than f o r  the  unalloyed uranium cores. The induction 
time w a s  seven hours, and the f i n a l  rate was 0.012 gram U/minute which 
pe r s i s t ed  f o r  another seven hours, and the f i n a l  r a t e  w a s  about 0 .1  gram 
U/minute . 
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A sauple of uranium core, Zircaloy-2 clad,  material  w a s  hydrided t o  
produce a c a l c - l s t e d  5000 ppm II2 concentration i n  t he  cladding. 
sample, which was not predefected, was autoclaved. 
time of 47 minutes, t he  sam?le f a i l e d  by s F l i t t i n g  off  the  unbonded 
end-ea?, following which the  r a t e  of a t t ack  on the  core was 0.6 gram 
of U/minute. 

The 
After a n  induction 

Radiometallurgy Laboratory Studies 

A t o t a l  of 23 density determinstions t h a t  were accurate t o  0.1 t o  O . @  
were made on i r r ad ia t ed  uranium samFles fron! stainless s tee l -c lad  and 
Zr-2 clad, 7-rod c l u s t e r  f u e l  elements. F a x f i b  r ep l i cas  were obtained 
from the  inner component of an  i r r ad ia t ed  coaxial f u e l  element and from 
a f rac tured  surface of a uranium sample t h a t  was annealed a t  600 C f o r  
24 ho.irs. More spec i f ic  r e s u l t s  and conclusions from t h i s  work w i l l  be 
reported i n  connection with the  respective development p r o g r a b  of Fuel 
Design and Physical MetallLrgy Q e r a t i o a s .  

Basie Metallurgy Studies  

Radiation Ef fec t s  i n  Fissionable Materials. A series of f l a t  uranium 
t e n s i l e  specimens have been i r r ad ia t ed  f o r  short  exposures and a t  low 
temperatures i n  the  sno.dt f a c i l i t y  a t  105-KW. 
i s  t o  f ind  t h e  threshold of detectable ne-xtron damage t o  uranium. 
exposures range from 1015 t o  1018 nvt o r  from 5 x 10-7 t o  5 x 
a/o burnup- 
a f fec ted  by even the  lowest i r r ad ia t ion .  Correlation of pro9erty changes 
with e q o s u r e  has shown that damage oeeurs a t  two d i s t i n c t  rates i n  t he  
e a r l y  s tages .  I n i t i a l l y ,  t ne re  i s  a rapid increase i n  proper t ies .  After 
an accum-dated i r r ad ia t ion  j-1st saf f  i c i e n t  t o  have thermally spiked t h e  
e n t i r e  volume of t h e  uranium, a second, lower rate of damage accumulation 
i s  observed. The nature of t h e  dmage accumulation and annealing e f f e c t s  
ind iea te  t h a t  an extended defect  i s  being produced during the  second 
s tage of damage accmnlat ion.  
credence by x-ray d i f f r a c t i o n  evidence of a f au l t i ng  mechanism i n  
materials i r r ad ia t ed  i n  t h e  same manner. 
describing these  results has been completed. 

A turbo-mechanism has been developed t h a t  w i l l  r o t a t e  an  i r r ad ia t ion  
capsule so that the enciosed sFecimens w i l l  receive a r s d i a l l y  uniform 
exposure t o  t h e  neutron f lux .  
ro t a t ing  and s ta t ionary  capsules a ro  being performed. 
and one s ta t ionary  capsule containing na tura l  uranium were charged i n  
t he  MTR during t h e  month. 
were charged previously arid have reached 25 percent of t h e i r  goal ex- 
posure 

Testing of i r r ad ia t ed  thorium, a n  i so topic  cubic metal: should y i e ld  
da ta  that, ean be in3erpreted more simply t h a n  t h a t  from dimensionally 
unstable uranium, although the  f i s s i o n  e f f e c t s  i n  both metals should 
be comparable. 
reeeived a t o t a l  integrated thermal flux of 3.2 x 

The purpose of t h i s  t e s t  
The 
t o t a l  

Hardness and y i e ld  s t rength  were found t o  be markedly 

The extended defect  concept i s  given 

A t op ica l  report ,  HW-60326, 

Coniparative i r r a d i a t i o n  tests using both 
One r o t a t i n g  

S h i l a r  capsules containing enriched uranium 

Fi f teen  capsules containing thorium s ecimens which 
nvt f o r  a 
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0.045 a/o burnup of U-233 were discharged i n  March. Fif teen capsules 
i r rad ia ted  t o  a 0.1 a/o burnup of U-233 were discharged t h i s  month. 
F i f teen  capsules which a re  t o  receive 0.07 a/o burnup of U-233 are  t o  
be discharged i n  November. 
f o r  basin storage u n t i l  Radiometallurgy scheduling permits examination. 

A l l  discharged capsules have been isolated 

Radiation Effec ts  i n  S t ruc tura l  Materials.  
needed concerning property changes in  high s t rength materials which may 
occw under combined high temperature and high f lux  environments. Room 
temperature t e n s i l e  propert ies  have been determined f o r  Zircaloy-2 a f t e r  
i r r ad ia t ion  t o  an estimated integrated f a s t  neutron f lux  of 4 x lox) nvt 
a t  2&l C .  The y i e ld  s t rength was raised 4%; the  ultimate s t rength w a s  
not changed; t he  t o t a l  elongation was reduced 3 8 ;  and the  uniform elong- 
a t ion  was decreased by 5l$. In the p l a s t i c  range the t e n s i l e  data were 
analyzed from the  standpoint of t rue  stress and t r u e  s t ra in  as these 
propert ies  a r e  more meaningfill fDr l a rge  s t ra in  where the sample area i s  
decreasing. The analysis  was l imi ted  t o  the  range of u r i f o m  elongation 
where a region of low work hardening w a s  fo*md t o  be presect  a f t e r  ir- 
rad ia t ion .  This w a s  manifested by a reduction of the  hardening exponent 
from 0 . 2  t o  0.1. 
data  f o r  Zircaloy-2 i r r ad ia t ed  a t  50 C t o  an estimhted thermal f lux  of 
1 . 2  x 1021 nvt indicates  t h a t  the  y ie ld  s t rength and ult imate s t rength 
are not increased as much by the  high temperature i r rad ia t ion ;  however, 
the s t r a i n  hardening exponent and the uniform elongation show decreases 
similar t o  those caused by l o w  temperature i r r ad ia t ion .  This l a t t e r  
f a c t  i s  important i n  considering the appl icat ion of Zircaloy-2 a t  elevated 
temperatures s ince it indicates  t h a t  d u c t i l i t y  w i l l  decrease. 

Information i s  currently 

Comparison of these r e s u l t s  with room temperature t e n s i l e  

A s e r i e s  of metals representing the  common c r y s t s l  types was i r r ad ia t ed  
a t  Brookhaven, Hanford, and the  Xl'R under various exposure conditions. 
These metals include copper, nickel,  t i tanium, zirconium, iron, molyb- 
denum, and type 347 s t a i n l e s s  steel. MetallograThic s tudies  of i r r a d i -  
a ted  zirconium, t i t a n i u m ,  and molybdenum were s t a r t e d  during the month. 
X-ray l i n e  broadening s tudies  p r i o r  t o  annealing were s t a r t ed  f o r  un- 
i r r ad ia t ed  copper and nickel,  and completed f o r  unirradiated zirconium 
and ti tanium. Qual i ta t ive  analysis  by emission spectroscopy of t he  
chemical impurit ies i n  the  unirradiated materials i s  about 50 percent 
completed. 

A Zircaloy-2 tube which has been exposed t o  radiat ion over a 25-month 
period, and a similar unirradiated tube were removed from the  KER f a c i l i t y .  
These tubes w i l l  be mechanically t e s t ed  and examined metallographically 
t o  determine the  e f f e c t s  of high neutron exposures a t  elevated teniperatures 
on Zircaloy-2 and t o  e s t ab l i sh  t e s t i n g  methods f o r  monitoring NPR tubing. 
The sectioning of the tubes i n t o  t es t  pieces was s t a r t ed  during the  month, 
and a program document describing the tes ts  t o  be performed w a s  wr i t ten .  

Sheet t e n s i l e  specimens of several  candidate reactor  s t ruc tu ra l  materials 
have been i r r ad ia t ed  i n  the lO5-m magazine f a c i l i t y  f o r  periods of one, 
six,  and twelve months. These materials include Zircaloy-2, Zirealoy-3, 
t he  aluminum a l loys  X-8001 (M-388) and M-2.57, the magnesium a l loys  

I 2 4 0 3 4 0  
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XK-31A-324 and A-3XA-0, and AK-35C stainLess s t e e l  These mater ia ls  w i l l  
be t e s t ed  t o  determine the e f f e c t s  of neutrcln rac’iation on mechanical 
propert ies .  The specimens exposed f o r  twelve months were discharged and 
t r a r s f e r r ed  t o  the Laboratories during the month. 

The e f f e c t s  of reac tc r  i r r a d i a W x  03 the  n ic ros t ruc ta re  an3  ;roperties 
of z i r con im a l loys  a re  being evaluated ky st-ddies of high resolut ion 
metallography, x-ray d i f f rac t ion ,  hardness, op t ica l  microscopy, and 
damage ancealing k ine t i c s .  A cay;s-!iLe cmta in ixq  cce specbnen each of 
annealed,  10% CW, 25% ZW> 5C$ CW, ard a be ta  qaexhed specimen was d is -  
charged f ro3  KER Loop 3 ir. March a f t e r  receiving an  approximate expcsure 
of 9 x 1019 nvt a t  223 C .  Tne capsule w a s  t racs fer red  t o  Radioxetal lugy 
during the month where tne  a c t i v i t y  measured through two f e e t  of water was 
found t o  Se x)O m r .  A power hacxsaw i s  “Ueisg in s t a l l ed  i n  one of the hot 
c e l l s  f o r  opeclng t h i s  ca?s-Le. 

Mechanical and Physical ?:ro;erties of MAterials. 
Zircaloy-2 I s  i?. progress x f , h  a i l  f i v?  cf tke  vacum creep machines i n  
operation. 
t e s t ed  with coIrkinations c f  s t r e s ses  fron 13,200 t o  21,100 p s i  a t  400 C 
(752 P). 
creep r a t e ,  a f t e r  a lower i n i t i a l  Zefomatiop, t h a n  the 25 percent cold 
worked mater ia l .  T t i s  higker zreeg rate a7pears t c  Se the  r e s u l t  of re-  
covery of the cold worked spezimens. Zirealoy-2 sgecimens from t h i s  same 
i o t  are being t e s t ed  i n  the  angealed CclZditiOE arrd i n  the l 5  percent cold 
worked condition a t  S a t t e l l e  They obszrve sme recovery a t  the s m e  
temperature or. t he  1 5  percect co ld  worked mater ia l .  Creep machines f o r  
the t e s t i r g  9 specinens ir! an amosgkez-e of he l i -m and carbon dioxide a re  
now keing s laced  i n  operation. 

Measurement of creep of - 
S p c b e x s  of 25 325 L 5  2ercent cold worked mater ia ls  a r e  being 

The 85 percent cold woxed spechens  a re  exhibi t ing a higher 

The textrrres of extruded and d r a m  Zircalojr-2 taking a re  being determined 
by x-ray d i f f r ac t ion .  
with res-dts of tu5e bwst tes ts  i n  order t o  e q l a i n  differences i n  
1ongitLdinal and hoop s t rengths  of jacketing xnaterials. Extnded  
Zircaloy-2 (39:1 extrusion rat ic> shows a highly preferred or ien ta t ion  
of basal  glanes (0002) which are or iented p a r a l l e l  t o  the  extrusion axis 
and the tube radius .  
hoop s t rengths  fo’md by tube Surst t e s t ing .  The s t ruc ture  of Zircaloy-2 
tubing antealed a t  7OC C f o r  one hcLr introd-xed some d i f f i c u l t y  i n  
analysis ,  s ince it was coarse grained. A l e s s  pronounced tex ture  of the 
same type was found i n  the  annealed n a t e r i a l .  

The preferred or iex ta t ions  are being correlated 

This o r i e r t a t i o c  wo-ad aczo-mt f o r  high values of 

Electron and Optical Microscopy. The studjj of t he  microstructure of 
cladding and f u e l  niaterials i s  a d i r e c t  way cf detect ing radiat ion damage 
i n  these materials. Thin f i lms p r q a r e d  by vacuim evaporation or  by 
e lec t ron  chenical thinning of ro l l ed  sheet can be i r r ad ia t ed  and then 
examined d i r e c t l y  i n  the  electron niicrosco?e f 3 r  s t ruc tu ra l  changes. 
Analysis of microstructural  and e lec t ron  d i f f r ac t ion  changes i n  i r r ad ia t ed  
aluminun arzd uraniiun dioxide f i h s  i s  continuing. The o r ig ina l ly  uniform 
uranium dioxide fi lm, 13 8 thick,  shows s t r a i g h t  l i n e  t racks of low 
electron sca t t e r ing  power a f t e r  an i r r ad ia t ion  t o  only 2 x 1016 nvt .  
increasing expcsures up t o  3 x nvt, the  number of t racks  increases.  
With higher exposures the  f i b  S e c a e s  so heterogeneous that the  t racks  

With 
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are no longer apparent. 
and vary i n  length from 150 2 t o  30,000 8.  
of in t e rp re t ing  each t r ack  as being the  path of t he  f i s s i o n  fragment pene- 
t r a t i n g  t h e  1 3  8 t h i ck  f i lm are i n  progress. Changes i n  the  l a t t i c e  
parameter associated with the  low i r r ad ia t ion  exposures i s  consis tent  
with previous observations, namely, a contraction of the  U02 l a t t i c e  
occurs. Thin sheets  of uranium and Zircaloy-2 a re  being fabricated as start-  
ing stock f o r  t he  preparation of t h i n  f o i l s  f o r  subsequent i r r ad ia t ion  s txdies .  

The t racks  are a l l  approximately 150 8 i n  width 
Calculations on the  v a l i d i t y  

X-Ray Dif f rac t ion  Studies. The prese lec t ing  camera i s  being used t o  
assist  i n  ident i fy ing  various compounds i n  the  AlSi bond l aye r  of pro- 
duction f u e l  elements. A f u e l  element has been sectioned and polished 
t angen t i a l ly  t o  provide a l a r g e r  study area  f o r  each compound. 
technique assists i n  eliminating in t e r f e r ing  d i f f r ac t ion  l i n e s .  

This 

A t  t h e  request of Coolant Systems Development Operation, the  c r y s t a l  form 
of magnetite was determined following exposure f o r  up tg f i v e  weeks i n  
pH 4.50 (H3P04) high pu r i ty  water a t  300 C and 1400 p s i .  Although t h e  
material becane progressively more discolored with exposure time, the  
c r y s t a l l i n e  form of the  body centered cubic Fe3O4 d id  not change. 

Sol id  S t a t e  Reactions. 
zirconium, Zircaloy-2, and Zircaloy-3 are being determined t o  establish 
the optimum conditions of heat treatment during fabr ica t ion  operations. 
Zirconium e l e c t r i c a l  r e s i s t i v i t y  data have been evaluated during t h e  month. 
It w a s  noted tha t  annealing of ten  percent cold work specimens i n  vacuum, 
helium, and a i r  f o r  1000 minutes a t  300 C resu l ted  i n  varying amounts of 
recovery. The l a r g e s t  recovery of r e s i s t i v i t y  occurred i n  a i r ,  followed 
by vacuum and then helium. The same trend i s  evident a f t e r  400 and 500 C 
anneals. 
The f w t  t h a t  more recovery was seen i n  t he  a i r  anneal than  i n  the helium 
anneal supports t he  work of Gulbransen and Andrew that a t h i n  oxide f i l m  
o f f e r s  a r e s i s t ance  t o  hydrogen permeation; also, that  t he  gas i n  question 
i s  probably hydro en, and t h a t  some contamination occurred i n  a dynamic 
vacuum of 1 x 10 mm of Hg. 
s i s tance  of spechens  annealed i n  vacuum and helium indicates  a contamin- 
a n t  i n  t he  helium which probably w a s  not oxygen. 
would be expected t o  show the  e f f ec t  of an oxide pro tec t ive  f i l m  similar 
t o  that observed after an a i r  anneal. An a i r  anneal of 25 percent cold 
work material under t h e  same conditions l i s t ed  above shows tha t  25 per- 
cent  cold work material i s  more suscept ible  t o  c o n t a i n a t i o n  than e i ther  
10 percent o r  50 percent cold work material. 

The k i n e t i c s  of r ec rys t a l l i za t ion  and recovery i n  

This would tend t o  ind ica te  t h a t  gas contamination has occurred. 

-e A comparison of recovery of e l e c t r i c a l  re -  

Oxygen contamination 

In-Reactor Measurements. 
n i c a l  Indus t r ies  Corporation t h a t  w a s  b u i l t  f o r  the purpose of providing 
continuous creep measurement of a Zircaloy-2 specimen while being ir- 
radiated. 
has been prepared. The creep capsule i s  complete with leads,  monitoring 
equipment, heaters ,  and pressure control  equipment t o  give continuous 
indicat ions of load, temperature, and s t r a i n .  The operating temperature 
can be controlled and maintained up t o  400 C,  even during reac tor  shut- 
down periods.  It contains a bellows system f o r  loading t h e  sample t o  a 

A creep capsule has been received from Tech- 

The production t e s t  authorizing the charging of t he  capsule 
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maxixcm stress cf ~ , O O O  ? ? s i ,  and a s t ra in  trass?:zer t o  measure t e 
elongation of t he  speciner. t o  a t o t a l  of 3 .4  inch wi%h a 2.5 x lo-' inch 
least sca le  s e n s i t i v i t y .  A r  ex te rx ioc- t ransdxer  mocitor system s h i l a r  
t o  the one i n  t h e  ca3s;ile i s  >eing t e s t e i  i n  the  laboratory t o  deternine 
i ts  acc'uacy and s t a b i l i t y .  
a f-mction of t e r q e r a t u e  has keen fc-md; ho-Je-Jer, zero d r i f t  occurs. 
Tests a r e  beicg rcade t c  &?tennine whekher t h i s  d r i f t  i s  t e q e r a t u r e  o r  
t h e  dependent 

3, csange i n  s ens i f lv i ty  or ca l ibra t ion  as 

In-reactor  t e s t i n g  of t'nemo:o.~;le i n sda5 ion  has Seen completed, As- 
bestos and a low boron conte i t ,  higk texqeravlre g iass  f i b e r  were used 
t o  insulate t h e m o c c q l e  lead vlres -,laced 5n a snotlt f a c i l i t y  a t  Ed 
Reactcr. 
s a t e l y  ore  year Ln-reactor* 
observed s a r l y  i?. the L r r a d i a t i m d  A t  t h i s  "Ye the between-lead r e s i s t -  

10 o;ms. 
oc-.-irreci i n  the f i r s t  XC ho-;rs cf ?he i r ra3iat icnc Decomysition of 
crganic i a t e r i a l  i n  she Etskest.os is suspected 12f cars ing tnis  e f f e c t .  
report  cos-erizg t h i s  work, " I r rad ia te5  Tes7ir.g of Qirarte arLd Asbestos 
TYEITKXCXF~E Insrilatloc" ( ~ d - & 9 9 5 ) ,  has k2er. -xrit$en * 

ac t?  iris-iiaz:oz z a t e r i a l s  craeratei) s a t i s f a c t c r i l y  f o r  approxi- 
The only evide'7ce cf radiat ion e f f ec t s  was 

of the asbestos im-Latsd wires dropped f ro2  greater  than lo7 ohms t o  
A graiua; recovery of t h i s  valge 20 grea$er thri 107 o-ms 

A 

Cluster F-~el Elemznta. 
f r o z  the ET2 3x3 locg fazil:",y a f t e r  a t t a in ing  a" e q o s u r e  of 900 MWD/T. 
T ~ ~ S S .  elmezlts q e r a t e s  ssc:ess?d:y i n  2% 2 coDiart a t  rower l e v e l s  
ranging fron 70 to 11L kwift. 
530 c .  

Tnree ?-red e l u s t i r  fue l  elements were ilischarged 

3 e  c a l c s h r e 5  r.aximm core tem2erature was 

Seven 7-r3d ci-is';er %el e i e r m t s ,  feyricafeii frsm 1.6 ?ercer_t enriched 
u a n i m  ccextruded i n  Zircaloy-2 c,a5ding, tiere cnarge3. i n to  the  KER 
Lcop 2 facility. Clad t h i c k e s s  02 s i x  olexents was 0.02Q inch, the 
sevezth elemect contained a 0.23: i n i h  claddisg. These elements a r e  
being i r r ad ia t ed  t o  cozsare the p5rforzance of rods cf various clad 
thicksess  sr,d have a goal eQos.irr  ~f 53CG MWJ/T. 

A t o t a l  of f o w  7-rod c l w t e r  f u e l  elements have bee3 charged i i t o  K 
Reaztor through-hole f a c i l i t i e s  t c  gain expssilre p r i c r  t o  p-irposely de- 
fec t ing  an eierrent a t  %nperat7ire :L the  EX? 3x3 loop f a c i l i t y .  Two 
elemer?ts w i l l  reach a goal e-qos-xe of 250.3 Mwl)[T, th? remaining two w i l l  
reach a goal e-xposure ef 1003 EKi/T Sefore discharge and subsequent shipnent 
t o  the E E i a  

A var iable  q a c e ?  c l a s t e r  e lemnt  w a s  x r a d i a t e d  t o  1250 MWD/T i n  270 C 
w a t e r .  
angiilar erd r i cgs .  
diarneter iac?easesG 
t o  O.&O inch diameter. 
Density neasureaents do not show a :orrelation 3etweer. diameter increase 
and decsi ty  decrease. 
burnap ce- te r  rod  - C . 5 5 .  Eviderltljr the vol-me changes measured i g  t h i s  

Coextr-aded Zircaloy-2 cla-7 u r a n i n  rods were assembled w i t h  t r i -  
The nost c lcse ly  spaced rods snowed the l a r g e s t  
Tie l a r g e s t  increase was frcn: c.632 i r s h  diameter 

Other rods had 20 signLficant diameter increase.  

The l a r g e s t  densi ty  decrease was gbservei i n  a low 
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t es t  are not much l a r g e r  t h a n  the accuracy limit of Radiometallurgy 
measurement. No warp occurred. The triangular end r ings  proved s a t i s -  
fac tory  . 
Six prototype f u e l  elements of t he  7-rod c l u s t e r  type were b u i l t  during 
the  month. 
tended for charge-discharge and flow tes ts  ra ther  than i r r ad ia t ion .  
elements were b u i l t  t o  f i t  a 2.7-inch diameter NPR process tube. Two 
each of one-foot, two-foot, and three-foot long elements were fabricated.  
Each element i s  supported i n  the process tube by c l i p  type 0.030 inch 
th i ck  Zircaloy-2 supports attached by res i s tance  welding near each end 
t o  t h e  outs ide  s i x  rods of t h e  c l u s t e r .  The two-foot long element has 
one intermediate spider  support system i n  the middle of t he  element, 
and the three-foot  long element has two intermediate support spiders .  
The elements were assembled read i ly  and accurately by use of a precision 
holding j i g .  
t o  t he  ease of assembly. Fabrication of these elements demonstrated the  
p o s s i b i l i t y  of assembling c l u s t e r  fue l  elements within dimensional t o l e r -  
ances of 0.010 inch on the outs ide diameter and within a rod t o  rod 
spacing tolerance of 0.003 inch. 

These are b u i l t  of sub-standard coextruded rod and are i n -  
The 

The se l f -a l ign ing  design of the end spiders  a l s o  contributed 

Tubular Fuel Elements.  
coextrusion clad w i t h  zirconium a l loy .  Nuclear Metals, Inc. ,  has produced 
about 300 f e e t  of Zircaloy-2 clad uranium tube su i t ab le  f o r  KER t e s t i n g .  
NMI has also produced 30 f e e t  of tubular f u e l  w i t h  diameters as proposed 
f o r  t he  NPR. 
May. 
per  inch. 
water a t  KER. 
spec i f i c  power tests.  
cores.  
Loop 4, w i t h  a current  exposure of 1500 W / T ,  and a planned discharge date 
of J u l y  15 .  

Tubular element components can be successfully 

Eight tube-tube f u e l  elements of KER s i z e  were b u i l t  during 
They are each 36 inches long and contain about one pound of uranium 

The other  four w i l l  serve f o r  KER backup and/or ETR high 
Four of these elements w i l l  be i r r ad ia t ed  i n  high temperature 

Four of t h e  e ight  elements have U-2$ Z r  a l l o y  
Two tube and rod elements continue t o  operate successful ly  i n  KER 

A tube-tube element w a s  charged in to  KER Loop 1 during May. 
containing U-2$ zirconium f u e l ,  w i l l  be discharged a f t e r  250 MWD/T. 
is  t h e  f i rs t  tube-tube element t o  be tested a t  Hanford KER. The shor t  
exposure goal w i l l  allow examination t o  check f u e l  supports, element warp, 
and other  features of design which could cause t rouble  ea r ly  i n  the  t e s t .  
The d is tance  between fue l  supports of t he  inner tube i s  about 30 inches, 
the l a r g e s t  unsupported span ye t  tested a t  KER. 

This  element, 
This 

A tube-tube element w a s  b u i l t  and shipped t o  the  ETR f o r  t e s t i n g  i n  the  
Hanford 6x9 loop. 
360 kw/ft (80 watts/@) w i t h  t h e  ETR a t  fu l l  power. It i s  22 inches 
long, weighs roughly one pound per inch, and has a U-@ zirconium core.  
This t es t  i s  scheduled t o  begin June 6, and run f o r  three ETR cycles 
(2000 MWD/T) . 

The spec i f i c  power of t h i s  element w i l l  be about 

Maximum core temperature i s  calculated t o  be 700 C .  

Component Fabricat ion.  Twenty Zircaloy-2, 7-rod c l u s t e r  spiders  of KER 
geometry have been fabr ica ted  by e l e c t r i c a l  discharge machining on Cin-  
c inna t i  Mill ing Machine Company’s “Elekt ro je t” .  The pieces were cu t  
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from 0.202 inch th i ck  p l a t e .  
per  piece depending or: oserating conditions. 
qilires 35 minmes t o  Ferform the  saze cxt. 
t he  "ElektroJe5" surface t o  be equal o r  sqer ic r  t o  t h a t  prodxed by com- 
p e t i t i v e  equiprcent. 3 h e n s i o n a l  s % a t i l i t y  is  good. The average outside 
dinenslon va r i e s  by f 0.002 inch over 20 Fieces. Exmimt ion  of t he  
q a r k  rzachired edges a t  25CX snows no perceptible e f f e c t  on the zone 
adjacent t o  the  d is in tegra ted  sxrface.  
ctlt and ship2ed incl-lding the  da ta  recorded f o r  each cgt, completing the  
order f o r  eighty spiders .  

Cutting time varied frorn 8.5 t o  15 minutes 
A comgetitive nachine r e -  

A visua l  inspection shows 

Sixty addi t ional  pieces w i l l  be 

A d ie  s e t  i s  now Seing designed t o  ~ ; l r . ch  spiders  from Zircaloy p l a t e .  
Preliminary t e s t s  wi%h a segmen', d i e  (two r o d  bosses connected Sy a 
narrow we>) show that t.he segtzent can be cut  frorr 0.125 inch th i ck  stock. 
A force  cf a g r o x i z a t e l y  14 tons was required t.0 shear the  segnent from 
0.125 inch th i ck  Zircalojr-2 ingct  mater ia l .  

Draving dies ,  fcr re3:icing the  03 of Zircaloy-2 triDing, have been made 
froa a glass c io th  larcinate with a nelmine r e s i n  binder. This material 
i s  b e t t e r  t h a n  Texto l i te  s ince it snows a good deal  less w e w ,  i s  dimen- 
s iona l ly  s o r e  s t ah le ,  and appears t o  r e t a i n  i t s  s t recgth  a t  higher 
t e m p r a t w e s .  
it i s  assumed tha t  they will do ar, equally goo? job on increasing the  OD 
of Zirraloy- 2 tu3ing. 

Expanding plxgs of t he  s a e  material a r e  being made, and 

3 h i r . g  with ar! expanded surface has 8eec made by swaging. 
area has Seen increased 85 percent by Frod'xing e ight  r i b s  as an in t eg ra l  
p a r t  of t he  tt;Se sxrface.  This tec!mique w i l l  be t r i e d  on a Zfrcaloy-2 
tiibe with a u ran im core. 

The surface 

Clos--re and J o i n i r g .  
d i m e t e r  eoextmded f u e l  rods of four-inch lengths  with 0.020 inch th ick  
Zircaloy-2 clad. 
thickeced Zircaloy-2 surface a t  t h e  ends of t he  rod which i s  required 
f o r  one foam of welded end closure.  
back extraded w i t 3  a d i e  shaped t o  extrude the  uranium core from t h e  end 
of t h e  rod while thickening the  Zlrcalcy-2 cladding material and forcing 
it ever t he  end cf the  rod. 

Hot heading ?.as beer. ?erfonrieci on 0.780 inch 

The hc t  heading i s  f o r  t h e  pnrpose of providing a 

The ecd of t he  rod i s  e s s e n t i a l l y  

The r e s u l t s  on t he  0.780 inch diameter rods compare favorably with the  
end forming obtained on the  sn;alier 0.630 ar!d 0.593 inch diameter rods 
p r s n o u s l y  hot headed, with the  exception t h a t  t he  Zircaloy-2 clad 
mater ia l  d id  not completely flow over the  rod end and in to  the  extrusion. 
It i s  expected that longer extrusion purches w i l l  correct  t h i s  s i t ua t ion .  

Equipment f o r  hot heading f u e l  rods i n  lengths  of 12  inches has been 
fabricated,  and i n i t i a l  t e s t i n g  indicated sa t i s f ac to ry  performance. 
P r io r  t o  the  use of t h i s  e q a i p e n t  t he  longest rods not headed were 
four inches long. If fu r the r  use of t h i s  equipment shows that the  fue l  
rods can be s a t i s f a c t o r i l y  and cons is tex t ly  hot headed, t he  equipment 
w i l l  be used i n  not headirg 0.593 inch diameter coextruded Zircaloy-2 
clad uranium rods t o  go in to  12-inch long, 7-rod c lus t e r  f u e l  elements. 
These f u e l  elements w i l l  be i r r ad ia t ed  i n  the  KER l o o p .  
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I n  an  attempt t o  prevent seizure of t he  f u e l  rod during the  hot heading 
operation, a t h i n  copper jacket  has been u t i l i z e d  with success. 
ing of t he  Zircaloy-2 clad f u e l  rod with 0.0005 inch of copper was ac- 
complished by the  e l ec t rop la t ing  technique. The p l a t i n g  ba th  used was 
of t he  a lka l ine  pyrophosphate type using a current  density of 30 asf  and 
vigorous air  ag i t a t ion .  
procedure as x t l i n e d  i n  HW-34496. 

Jacket- 

Pretreatment p r i o r  t o  p l a t ing  was the  two-etchant 

Coextruded Zircaloy-2 clad na tura l  uranium f u e l  rods 0.78 inch diameter 
were ac id  machined t o  remove 0.125 inch of uranium from each end. 
boring of uranium'was necessary t o  f a c i l i t k t e  welded end plug closure.  
Concentrated hydrochloric acid ( 3 7 - 3 e  HC1)  a t  room temperature was ased, 
and removal rates of 10-15 m i l s  per minute were achieved. 
of the  Zr -U bond l aye r  was observed only when the  f u e l  rods were ac id  
machined i n  a non-vertical pos i t ion .  

Counter 

Undercutting 

Allied Fuel Studies .  
Zircaloy-2 fue l  element jacket  bu r s t  t es t  specimens which were r q t i l r e d  
a t  350 C i n  the  ex-reactor burst t e s t i n g  f a c i l i t y .  
were 3.%, 3 . 9 ,  8.55, and 9.%. Because the  w a l l  thicknesses of the  
specimens were not uniform ( t h e  thickness varied a s  much as s i x  t o  ten  
m i l l s  i n  each specimen), t he  s t r a i n  was non-uniform and was loca l ized  
near the  t h i n  w a l l  sect ion where rupture occurred. Specimens with a more 
uniform w a l l  thickness would l i k e l y  s t r a i n  more uniformly and would prob- 
ably show a grea te r  t o t a l  s t ra in .  One specimen w a s  pressurized a t  a low 
enough pressure so t h a t  it f a i l e d  by creep, whereas the  previous specimens 
ruptured while pressure w a s  being ra i sed .  The previous specimens appeared 
t o  have f a i l e d  explosively while t he  creep specimen exhibited a very small 
crack a t  t he  poin t  of rupture .  
f o r  t he  specimen which f a i l e d  by creep as compared with a n  average of 
41,000 f o r  t he  specimens which f a i l e d  as pressure was being ra i sed .  
t o t a l  s t r a i n  measured on t h e  l a t te r  specimen was 3.@ which i s  s l i g h t l y  
less than the  smallest s t r a i n  measured on the previous four  specimens. 

S t r a in  measurenents have been made on the  four  

The measured s t ra ins  

Tangential (hoop) stress w a s  37,000 p s i  

The 

Fuel corrosion rates of defected coextruded rod specimens i n  the  optimum 
beta t r e a t e d  condition (10 minutes a t  725 C, quench and hold 10  minutes 
a t  600 C,  a i r  cool)  do not appear t o  d i f f e r  s ign i f i can t ly  over the tem- 
perature range 200-475 C (  autoclave da ta ) .  Rod specimens defected with a 
0.025 inch diameter hole i n  t h e  cladding corrode a t  a rate of 0.18 g/min 
a t  300 C i n  autoclave; both tubular  and rod specimens with t h e  same defect  
corrode a t  a rate of 0.22 g/min a t  300 C i n  ELMO #4. Although the  uranium 
corrosion rates a r e  t h e  same, there  appears t o  be less clad damage during 
failure i n  the  dynamic ELMO loop than i n  t h e  autoclave. 

The superior  defect behavior of d i f fus ion  t r e a t e d  and water quenched co- 
extruded U - 2  w/o zirconium f u e l  rod has previously been demonstrated. 
A d i f fus ion  t r e a t e d  and water quenched specimen was aged f o r  235 hours 
a t  475 C t o  determine the  e f f e c t  of reac tor  temperature conditions on 
the  meta-stable water-quenched bond. The defect  behavior of the  aged 
specimen w a s  as good as t h a t  of t he  unaged specimen, indicat ing good 
s t a b i l i t y  of t he  water-quenched condition a t  the aging temperature. 
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Knowledge of t he  dependence of c lad  uranium f u e l  element swelling upon 
cladding and uranium temperatures, cladding thickness, and exposure i s  
of importance f o r  Hanford's fue l  element development work. A s  a cursory 
invest igat ion of the e f f ec t  on swelling of these parameters, an i n i t i a l  
i r r ad ia t ion  of f i v e  experimental assemblies containing Zircaloy-2 clad 
coextruded uranium f u e l  i s  being made i n  the  MTR and ETR. GEH-3-32 and 
GEH-3-57, the  second and t h i r d  of t he  above f u e l  rods t o  be discharged, 
w i l l  be returned t o  Hanford f o r  examination before the end of May. Ex- 

4 posure on these f u e l  rods i s  3500 MWD/T and 1900 MWD/T, respect ively.  
The remaining two f u e l  rods i n  t h e  mR have reached an exposure of approx- 
imately 1800 WIT. 
To extend the  coverage of the temperature, exposure, and cladding r e -  
s t r a i n t  parameters, twelve more assemblies, similar t o  those now i n  t he  
ETR, a r e  being prepared f o r  i r r ad iz t ion  i n  the  MTR. 
f o r  charging by June 15. 

These w i l l  be ready 

To attempt a s t a t i s t i c a l  ana lys i s  of t he  e f f e c t  of temperature, exposure, 
and cladding upon f u e l  rod swrlling, a s e r i e s  of NaK capsule experiments 
has been designed f o r  i r r ad ia t ion  i n  Hanford reac tor  process tubes. 
Assembly of these capsules has started. It i s  planned t o  begin the  ir- 
rad ia t ions  i n  Ju ly .  

Design Analyses and Computations. 
within i r r ad ia t ed  uranium require  knowledge of the amount of i n e r t  gases 
produced by f i s s i o n .  
products depends upon the  material  f i s s ioned  and the  neutron f lux  i n -  
t e n s i t y  during i r r ad ia t ion .  
uranium from 5 e 27 t o  6.28 - 
tonium from 3.69 t o  4.48 - (cc  / 
from 1013 t o  1015 fieutrons/cm2 - s e d .  
of t h e  various f i s s i o n  product isotopes which produce krypton and xenon 
are reported i n  HW-60431. 

F a c i l i t i e s  and Equipment. 
w a s  i n s t a l l e d  May 15, 1959, and the loop is  cur ren t ly  being operated t o  
measure g m a  heating. 
a t i n g  cycle of t he  reac tor .  
t o  Pro jec t  CA-681. 
t o  permit i n t en t iona l  in-reactor  ruptures .  Present scheduling should 
complete the e n t i r e  p ro jec t  about October 1, 1959. 

The mathematical models f o r  swelling 

The amount of gaseous production i n  the f i n a l  

The iEr t  gaseous f i s s i o n  products vary f o r  
/ cc '$ burnup) a t  STP - and f o r  plu-  

$ burnup) a t  STP - as the f lux va r i e s  
Yields and t he i r  f l ux  dependence 

The in-reactor  sect ion of the 6x9 ETR Loop 

Fissionable mater ia l  can be loaded the next oper- 
This completes the  6x9 f a c i l i t y  according 

The 3x3 Lcop s t i l l  must undergo extensive modifications 

A Dynapak machine t h a t  extrudes a t  ve loc i t i e s  t o  230 f p s  and a t  an output 
energy of 160,000-foot pounds w a s  i n s t a l l e d  i n  the 326 Building as proto- 
type equipment. 
of materials when they are worked a t  high ve loc i t i e s ,  with high rates of 
energy appl ica t ion .  

This u n i t  w i l l  be used t o  check the hydrodynamic behavior 
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2. REACTOR PRCGRAM 

Coolant Systems Development 

Corrosion of X-8001. 
of X-8001 f u e l  element cans made from cas t  blanks w a s  completed a f t e r  
approximately n i n e  weeks exposure i n  the  out-of-reactor mock-up tubes. 
VisudL inspection showed no adverse corrosion. 
determined as soon as weight loss measurements are completed. 
on another l o t  of X-8001, severe groove-type p i t t i n g  has been observed 
on the  X-8001 aluminum cladding of an I & E f u e l  element. 
w a s  discharged from D Reactor a t  goal exposure. 
in-reactor  rupture  indicat ions,  several  F i t s  on t h i s  f u e l  element jacket  
appear t o  penetrate t o  the AlSi bonding layer ,  and i n  some places t o  the  
compound l aye r .  
and t o  look f o r  "s t r ingers"  i n  the cladding. 

The t e s t  t o  determine the  corrosion cha rac t e r i s t i c s  

Corrosion rates w i l l  be 
However, 

This piece 
Although there  were no 

The fael element w i l l  be sectioned t o  determine p i t  depth 

Tes ts  i n  KER Ic-Reactor F a c i l i t i e s .  
of April  1 5  t o  May 7, extensive nialntenance and overhaul work was accom- 
plished on the pamps, valves, and instrumentation of a l l  foar  KER Loops, 
including the  i n s t a l l a t i o n  of res i s tance  tem?erat-we de tec tors  f o r  more 
accurate  measurement of i n l e t  and o u t l e t  temperatures. 
v e r t i c a l  t raverses  were made of t he  process tubes of Loops 2 and 3, and a 
v e r t i c a l  t raverse  only w a s  made on Loop 1. 

During the KF, Reactor ex+,er?ded oJtage 

Horizontal and 

The cause of the  recent flow r e s t r i c t i o n  i n  Loop 1 w a s  found and corrected. 
The holes i n  the d i f fuse r  r i n g  of t he  f r o n t  nozzle were found t o  be badly 
clogged wi th  crud. 
t o  be damaged t o  the  ex ten t  tha t  so l id  material could pass through. 

The strainer j u s t  upstream of t h e  f ron t  face  w a s  found 

A t  t he  end of the extended outage Loops 1, 2, and 3 were eharge6 w i t h  
aluminum dummies f o r  a shor t  shakedown run. Loop 1 was recharged May 19 
with two 13-inch, 7-rod c l u s t e r s  (one na tura l  U and one 1.q enriched), 
one 36- inch tube-and-tube element, and one 33-inch rod-and-tube element, 
a l l  Zr-2 jacketed. 
Z r .  
ture of 295 C.  

Loop 2 was charged May 19 with seven 1.6 $ enriched 7-rod c lus t e r s ,  s l x  
w i t h  X ) - m i l  and one w i t h  30-mil Zr-2 jackets .  
modified end supports. 
downstream end of t h e  charge t o  measure water temperatures i n  d i f f e ren t  
flow channels and thus  determine the degree of mixing of the water. Six 
of the seven thermocouples appeared t o  be functioning properly and showed 
water temperatures within a range of 18 C, ind ica t ing  f a i r l y  good mixing. 

The two tuSular elements contain cat'ual 'J with 2 w/o 
Loop 1 continues a t  pII 10, w i t h  a maximum allowable surface tempera- 

A l l  these pieces have 
A 7-rod thermocouple dummy w a s  included a t  the  

Loop 3 was charged on May 25 with f i v e  Doe metal s lugs canned i n  X-8001 
aluminum and 15 Doe metal s lugs canned i n  c-810 alurrinum (1.0 w/o N i ,  
0.5 Fe, 0.1 T i ;  i .e . ,  e s s e n t i a l l y  X-8001 w i t h  T i  added). After t he  loop 
surfaces are conditioned with a phosphate film, t h i s  charge w i i l  be reL 
placed w i t h  Doe metal s lugs a l l  jacketed w i t h  X-8001 f o r  a high temceratiure 
jacket  corrosion t e s t .  

I 2 4 0 3 4 8  
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Decontamination. =. program has been formulated t o  develop a su i tab le  
method of decontamination f o r  t he  NPR, and a summary of t he  decontam- 
inat ion s tudies  completed during the  p a s t  year i s  i n  preparat ion.  Also, 
the  state of t he  technology as it e x i s t s  today f o r  NPR decontamination 
f a c i l i t i e s  has been summarized t o  stimulate feed-back between t h e  design 
concepts f o r  NPR decontmination f a c i l i t i e s  and the  supportfng-Research 
and DevlopQent program. A , rl  

! * I  ; ,. 
- I  1 .  - 

Water Treatment. 
control  cha rac t e r i s t i c s  of t he  high pH, l i thium hydroxide resins with 
high p u r i t y  water feed. 
hydrogen r a t i o  on the  r e s i n  quickly reaches a c r i t i c a l  value and the  pH 
s t a b i l i z e s  a t  about 8.2-8.5. 
order .  This r e s in  i s  se l ec t ive  f o r  hydrogen. The two re s ins  w i l l  be 
used i n  p a r a l l e l  i n  an  e f f o r t  t o  control  the  f i n a l  water pH a t  10.0. 

&at& S17~g  Rupture .Tests. 
t he  as-extmded condition, which previobsly had been t e s t ed  f o r  1 /2  hour, 
w a s  operated f o r  two addi t ional  1/2-hour exposure periods. 
t i ons  were 300 C water temperature, 1650 p s i ,  power rate 30 kw/ft, and 
20 f p s  water ve loc i ty .  
0.925 inch pin holes, about 1-1!2 inches apar t .  After the  t o t a l  1-1/2 
h o x s  exposure, t he  appearance of t h e  rod was s h i l a r  t o  those t e s t ed  
i n  ELMO-4 without power generation. 
swollen and torn  mounds about 1 /2  inch i n  diameter p lus  a 3/4 inch long 
tear along t h e  a x i s  of t h e  rod. The maximum diameter of any of the  de- 
fected loca t ions  was 0.79 inch comgared with t h e  o r ig ina l  0.59 inch rod 
diameter. 

Preliminary s tudies  were i n i t i a t e d  t o  dstermine the  pH 

Results t o  da te  ind ica te  t h a t  the  l i thium-to-  

A weakly ac id ic  resin ( I R C - 5 0 )  i s  now on 

The coextraded u r s n i m  and Zircaloy-2 rod i n  

Test condi- 

The jacket  w a s  i n i t i a l l y  defected with th ree  

Each of the defected spots  exhibited 

The coextruded rod holders, l ead- in  bus rod, and the  surrounding process 
tabing arrangement on t h i s  e l e c t r i c a l l y  heated rupture prototype have 
been redesigned t o  permit f a s t e r  assembly and disassembly. 
a l s o  eliminates t h e  troublesome brazed j o i n t  between the  Zirealoy-2 and 
copper adapter piece.  

The new design 

Corrosion of Zircaloy-2. A t e s t  t o  determine the  corrosion res i s tance  of 
Z r - 2  welds i n  pH 4.5 300 C water has been completed. 
beam welded coupons were su j jec ted  t o  the  following various pretreatment 
conditions: (a)  as-received, (b)  as-received plus  Turco 4501 decontamin- 
a t ion  process, ( c )  as-received p lus  APACE decontamination process, 
(d)  polished, (e )  etched, ( f )  etched p lus  Turco 4501 decontamination 
process, and ( 8 )  etched p lus  APACE decontamination process 
a f t e r  exposure i n  300 C water the  coupons which were etched af ter  welding 
exhibited t i g h t  black corrosion product f i lms.  
except those i n  the  as-received condition developed white corrosion 
product a t  t h e  edges of t he  heat a f fec ted  zones. Numerous areas of hard 
white corrosion product were foirnd sca t te red  over t he  heat  a f fec ted  zone 
on t h e  as-received coupons+ 
s i z e  of a s ingle  Zr-2 grafn.  
t he  grain boundaries. One t o  f i v e  of these  small areas were found oa the  

Heliarc and electron-  

On inspection 

A l l  non-etched coupons 

These white areas were about one-tenth the 
They were found both i n  the  grains  and a t  
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other  coupons including the etched coupons. However, they did not grow 
i n  s i ze  with increased exposure and did not appear t o  a f f ec t  the corro- 
sion res i s tance  of the  welds. 

Several devices are being fabricated f o r  the study of f r e t t i n g  or  wear 
corrosion of Zr-2. These w i l l  attempt t o  (a )  produce such a t tack ,  and 
(b )  e s t ab l i sh  whether contemplated f u e l  element desLgns w i l l  be su3ject 
t o  f r e t t i n g  corrosion under ant ic ipated operating conditionso 

Heat Exchanger Tests .  
completed, and fabr ica t ion  w i l l  begin as soon as a l l  the  p a r t s  a r e  ava i l -  
able .  This equipment w i l l  be employed t o  study stress corrosion, caJs t ic  
embrittlement, and surface boi l ing  on heat exchanger tubes under NPR 
conditions.  

Design of a s t ress-corrosion heat exchanger was 

Corrosion i n  Organic Coolants. 
i n  ORA-1 a t  700 F f o r  28 days i n  MIPB containing X, ppm water, then f o r  
1-1/2 hours with t h e  water content increased t o  approximately 10,000 ppm 
were examined and weighed. 
of about 1 . 5  mils/month, the 9 8 . e  Mg about 2 mils/month, and the AZ-31 
a l l o y  about 3 mils/month. 
a l l  three a l loys  i n  MIPB a t  TOO F with only 10 t o  x) pprn H20. 
s t e e l  and M-388 aluminum coupons were v i r t x a l l y  unaffected. 

The coupons which were previously e c o s e d  

The B r i t i s h  Magnox underwent a corrosion r a t e  

This compares with an expected 1 mil/month f o r  
The carbon 

Four fue l  elements, two so l id ,  25 clad lead-dipped, and two I & E M-388 
clad-nickel-bonded, were discharged from ORA-1 a f t e r  1265 hours i n  MIPB 
a t  TOO F. 
while the  M-388 clad had no fi lm a t  a l l  over most of the  surface,  except 
f o r  black spots covering about 5% of t he  area.  These spots were not re-  
moved by the  usual solvents and brushing. 

The 25 lead-dipped slugs exhibited a l i g h t  brown adherent f i lm 

Aluminum Corrosion. 
X-8001 clad Doe s lugs,  and c-810 clad Doe slugs.  
e s s e n t i a l l y  X - 8 0 0 1  (e .g . ,  1.0 w/o N i ,  0.5 Fe) plus  the  addition of 
0.1 w/o T i .  
adjusted with H3PO4. These coupons w i l l  then be exposed t o  400 C steam 
t o  determine whether the  300 C corrosion fi lm i s  protect ive.  The slugs 
w i l l  be defected and exposed t o  400 C steam t o  determine the rupture 
sever i ty  of Doe metal under KER conditions.  
i n  t h i s  t es t  i s  t h e  changes which occur i n  the s t ruc ture  of the corrosion 
product f i l m  when coupons a r e  cycled from s t a t i c  conditions t o  dynamic 
conditions and vice versa.  

The EMO-6 Loop w a s  charged with X-8001 coupons, 
The c-810 a l loy  i s  

The coupons and s lugs w i l l  be exposed t o  300 C pH 4 .5  water 

Another f ace t  being studied 

Nickel-plated X-8001 clad dummy slugs were charged in to  ELMO-7 t o  eva l -  
uate  the  corrosion res i s tance  and fi lming cha rac t e r i s t i c s  of t h i s  material  
i n  300 C pH 7 water. The material cons is t s  of e lectroplated and chem- 
p la ted  dummies processed by two vendors with nickel  thickness varying 
from 1.0 t o  1 . 3  m i l s .  

Exposure of nickel-plated C-64 clad f u e l  elements a t  300 C, pH 7, showed 
a tendency f o r  spa l l ing  a t  the edges of t he  elements, although the  chem- 
i c a l l y  p la ted  mater ia l  held up b e t t e r  than electroplated mater ia l .  The - 
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' electroplated material  appeared more duc t i l e  and probably would be a 
b e t t e r  cladding i f  properly p la ted  on the base metal. 

S t ruc tura l  Materials Development 

Zircaloy Pressure Tubing. 
f a i l u r e  with i n t e r n a l  pressure a t  elevated temperatures. The t e s t  tem- 
peratures  are selected t o  approximate the maximum tube surface tempera- 
tu res  t o  be encountered during operation. 
and one length of NPR tubing were vacuum annealed and tes ted  a t  650 F 
(343 C ) .  

Zircaloy-2 pressure tubing is being tes ted  t o  

Three lengths of KER tubing 

Pressures of 7200 t o  8500 p s i  were required t o  burs t  the tubing. 

The KER tubes expanded uniformly along the  length of the sample t o  12.5% 
increase i n  diameter. Local bulging up t o  6 8  increase i n  diameter pre- 
ceded f r ac tu re .  The f r ac tu re  progressed ax ia l ly  f o r  about four inches 
before the  ends turned transverse t o  the ax i s  f o r  one-half t o  one inch. 

Fai lure  of t he  NPR tube occurred p r i o r  t o  any local ized bulging. 
crack 5/16 inch long appeared on the oustide surface, with the long ax i s  
of the crack oriented a t  30 degrees wi th  the  ax i s  of t he  tube. 
erable  local ized necking was apparent i n  the v i c in i ty  of the  crack. Upon 
examining the inside surface of the tube, t h e  crack was found t o  be 9/16 
inch long. The inside surface exhibited flow l i n e s  t h a t  formed para l le lo-  
grams with 60 degree and 120 degree included angles.  
found a t  i n t e rva l s  along these l i n e s .  Although the pa t te rn  may have a 
mechanical or igin,  the symetry strongly suggests a relat ionship t o  the 
hexagonal c rys t a l  s t ruc ture  of zirconium. By means of these and re la ted  
s tudies  it i s  also hoped t o  shed some l i g h t  on the f a i l u r e  mechanisms of 
Zircaloy-2 tubing. 

A small 

Consid- 

Short cracks were 

Creep of Zircaloy-2. 
continue creep t e s t i n g  of Zircaloy-2 has been approved. 
contract  BMI w i l l  continue creep t e s t i n g  of annealed and 1 5  percent cold 
worked Zr-2 under constant stress - constant temperature and constant 
stress - cycl ic  temperature conditions.  One temperature cycling tes t  has 
been completed on 1 5  percent cold worked Zircaloy-2. The temperature 
cycle used was  s i x  days a t  650 F - one day a t  room temperature. 
ea r ly  p a r t  of the t es t ,  a small amount of primary creep occurs with each 
temperature cycle,  but t he  magnitude decreases w i t h  increasing number of 
temperature cycles and i s  indistinguishable beyond about 100 cycles.  
Total  creep strain i s  comparable t o  t h a t  observed i n  a constant s t r e s s -  
constant temperature t e s t .  

A contract  w i t h  B a t t e l l e  Memorial I n s t i t u t e  t o  
Under t h i s  

I n  t he  

Nonmetallic Materials DeveloDment 

I r rad ia t ion  of Candidate NPR Graphites. A new experimental f a c i l i t y  i n  
the 2-C tes t  hole a t  KE Reactor has been completed f o r  graphite i r r a d i -  
a t ions  i n  t he  temperature range of 500 t o  600 C .  
cons is t s  of s i x  graphite spacer boats i n  the r e f l ec to r  region of t he  t e s t  
hole and eleven sample-carrying boats  i n  the cent ra l  region. The spacer 
boats,  fabr icated from Texas coke AGOT graphite were measured t o  provide 
data  on dimensional changes i n  the  f r inge  regions.  NPR candidate graphites 

The i n i t i a l  charge 
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were used f o r  the  sample-carrying boats,  and it i s  expected tha t  measure- 
ments  made on these bozts w i l l  provide a d i r e c t  comparison between flfil-bar 
and samll-sample r e s u l t s .  The candidate WR graphite samples charged i n -  
clude three  from National Carbon Company (VC, VT, and 00), two from Speer 
Carbon Company (SP-9 and SP-10) , and two from Great Lakes Carbon Company 
(GL-10 and GL-11) 
as standards f o r  comparison. 
charging t o  reduce the  e f f e c t s  of compression s e t .  
charge i s  1000 MWD/AT with the exception of one boat whicn w i l l  be dis- 
charged with approximately 600 MWDIAT. Reaoval a t  t h i s  lower exposure w i l l  
permit a comparison of annealed and unannealed sanples a t  an exposure where 
the maximum expansion has been observed f o r  smples  i r r ad ia t ed  a t  teapera- 
t u re s  above 300 C .  From these data  it w i l l  be possible t o  determine t o  
what extent  the  i n i t i a l  expansior, found a t  low e q o s u r e s  i n  400 t o  500 C 
i r r ad ia t ions  i s  a r e s u l t  of thermal annealing of compression s e t .  

CSF, KC, and TSBF graphite sam2les were a l so  included 
Samples were annealed a t  650 C p r io r  t o  

Goal exposure f o r  the 

The f i r s t  i r r ad ia t ion  results f o r  NPR candidate graphi tes  have been ob- 
ta ined from samples discharged from the  Y t es t  hole a t  C Reactor w i t h  
approximately TOO MWD/AT a t  500 C a  These samples, extruded i n  two-inch 
rounds o r  i n  10 t o  16-inch diameter e lectrode stock, were t h e  e a r l i e s t  
avai lable  f o r  i r r ad ia t ions  and do not represent processing e n t i r e l y  t f l i c a l  
of the f i n a l  NPR graphi te .  However, i n  comparing the differences i r ?  behavior 
of the several  candidate coke types,  Continental coke graphite s a q l e s  from 
a two-inch round extrusion showed the  highest  expansion (+0.054 percent)  of 
samples cut transverse t o  the extrusion ax i s  and were the only samples t o  
contract  (-0.007 percent) i n  the  d i rec t ion  p a r a l l e l  t o  the extrusion ax i s .  
The high t ransverse expansion i s  indicat ive of a graphite which exhib i t s  a 
r e l a t i v e l y  low contraction on i r r ad ia t ion  a t  500 C .  Ohio and Socony Mchil 
coke graphi tes  i n  expanding 0.045 percent i n  the  transverse d i rec t ion  and 
0.010 percent i n  the  p a r a l l e l  d i rec t ion  behaved very similar t o  standard 
graphi te  made from Texas coke. 

Thermal Expansion of Graphites. 
graphi tes  are of pa r t i cu la r  i n t e r e s t  because of an apparent cor re la t ion  
with contraction r a t e s  when i r r ad ia t ed  a t  high temperatures (e .g . ,  500 C 
and above). KC graphi te ,  which exhib i t s  the  lowest contraction rate of ally 
graphi te  ye t  t e s t ed  i n  i r r ad ia t ions  a t  500 C,  has a high thermal expansion 
i n  t he  transverse d i rec t ion  and a r e l a t i v e l y  low thermal expansion p a r a l l e l  
t o  t he  extrusion axis.  This cornbinat,ion, i . e . ,  a high r a t i o  of t rsnsverse-  
t o -pa ra l l e l  thermal expansion coef f ic ien ts ,  i s  now believed t o  be character-  
i s t i c  of graphi tes  with good dimensional s t a b i l i t y  on i r r ad ia t ion  a t  high 
temperature. 
c r i t e r i o n  s ince poorly oriented graphites,  which exhibi t  high contraction 
rates on i r r ad ia t ion  a t  high temperature, have high thermal expansion eo- 
e f f i c i e n t s  i n  both the  t ransverse and p a r a l l e l  d i rec t ion .  Thermal expansion 
data  f o r  t yp ica l  graphites are l i s t e d  i n  the following t ab le .  

Thermal expansion Coefficients of reactor  

The high t ransverse coef f ic ien t  i s  i n  i t s e l f  not a su f f i c i en t  
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Graphite 
Type* Manufaetlirer 

KC ) National 
CSF ) Carbon 
TSG9F ) 

Great Lakes 
vc ) 
GL-10 
GL-li I t  I t  

A - l t  

Average Thermal 
Eqans ion  Coeff ic ients  

Over Range 25 t o  h25 C 
Transverse F a r s l l e l  

4 " 7  x 10-6 
3.5 1 . 5  
4.4 2"7  

1 . 2  x 10- 6 

3 . 5  
3.8 

1.1 
1.2 

30 5 1 . 2  

Rat i o  : 
Tr an s ve r s e / 

Para l l e l  

3.9 
2.3 
1 .6  
3.2 ) 
3.2 1 
2.9 1 

%hese graphite t y p e s  are fu r the r  defingd i n  ~~kr-58946. 

1 

Rela t ive 
Dimensional 

Stab il it y 
on I r rad ia t ion  

a t  500 C 

Good 
Intermediate 
Poor 
Being deter-  

mined 

if KC graphite i s  no longer ava i l tS ie ,  tho VC, X-10 acd GL-11 grhphites are 
considered the  tkree  most premising graphi tes  now undergoing evaluation f o r  
NPR use. Rowever, s ince a considera3ly l a rge r  coke p a r t i c l e  s i z e  was used 
i n  processing these three  new graphites thac  w a s  x e d  f o r  KC, t he  National 
Carbon Company has agreed t o  prod-lce saxples on a developmental sca le  using 
the  same Continental coke as i n  VC bxt with an a l l - f l o u r  mix. It i s  believed 
t h a t  t h i s  change w i l l  increase the  t ransverse jpara l le l  thermal-expansion 
r a t i o  s t i l l  fu r the r  and may result  i n  a graljhite with superior s t a b i l i t y  t o  
dimensional changes on high-ten?eratdre i r r ad ia t ion .  

In-Reactor Compression Test of Gra2hite. 3ocr graphite compression t e s t  
assemblies t o  determine the  e f f ec t  cf loading on the  high-temperature radi-  
a t ion - indxed  contraction of graphi te  were charged in to  tes t  hole 2-C a t  
KE Reactor. For each of t he  foiir t).IE;es cf graphite,  CS3, TSBF, KC and VC, 
th ree  samples were loaded at, 160 p s i  and four samples a t  80 p s i .  Eight un- 
loaded samples were inclxdeci as co?1+rcls, one a t  t he  posi t ion cf each lohded 
sample. In  addi t ion t o  t h e  compression-stress loaded samples, some informa- 
t i o n  on the  infllience of f l exura l  stress w i l l  be obtained. S ix  samples, 
which are ac tua l ly  Fa r t  of the  experimental nechanical assembly, contain 
platinum p ins  inser ted  i n  a r e c t a c g d a r  conf igna t ion .  
in te rp in  spacings w i l l  be measurcd t o  determine the  effects of f lexura l  
stress on radiation-induced dfmensional changes. Al-Co and N i  f o i l  monitors 
have been included t o  measilre the  flux d i s t r ibu t ion  i n  the  t e s t  hole. 

Any changes i n  t he  

ETR Graphite I r rad ia t ions .  The f i r s t  in  the  SEX-13 series of graphi te  ir- 
rad ia t ion  experiments w a s  successful ly  in s t a l l ed  i n  the  E-14 corner f i l l e r  
pos i t ion  of t he  Engineering Test Reactcr t he  week of Apri l  26. Maxiiinum 
sample temperatures, wnich varied from 665 C t o  780 C along the capsiile 
length,  were reached during the  fe-; hours t h e  reac tor  has operated a t  f u l l  
power 

Eecause these tezyeratures  ir. GEii-13-1 are lower than desired,  t h e  samples 
fo r  a second capsule t o  5e charged in to  +,ne E X  E-5 corner f i l l e r  pos i t ion  
have been modified t o  attail? an estlrrated sample tenperature between 1000 
t o  1100 C .  The new experimerit w i l l  also contain 2owder samples of various 
graphites,  and some small rods of spec ia l  high densi ty  impermeable graphi tes .  

2 4 0 3 5 3  
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MTR Graphite I r rad ia t ions .  
instrumented MTR shim rod (L-48) was successfully c o q l e t e d  on April  29, 
The u n i t  i s  functioning s a t i s f a c t o r i l y  as a reactor control rod, but t he  
e l e c t r i c a l  connector t o  the  i r rad ia t ion  experiment requires fur ther  devel- 
opment t o  be completely r e l i ab le .  A s  of the middle of May, control a t  near- 
goal temperatures of 720 C,  610 C ( i n t e r m i t t e n t ) ,  975 C,  and 980 C had been 
a t ta ined  a t  the  four sample posi t ions.  

In s t a l l a t ion  of the f i r s t  graphite tes t  i n  an 

The GEH-9-8 capsule was discharged from the L-42 Fosition after success- 
f u l l y  completing f i v e  MIX operating cycles. This represents t he  highest 
exposure a t ta ined  t o  date in  these experiments. GEH-9-9 containing four 
samples of VC graphite was charged f o r  a one t o  three cycle exposure. VC 
graphite is one of the  three prime candidates f o r  construction of the  NPR 
core e 

T h e m 1  Hydraulics Studies 

Equipment Projects .  The equipment in s t a l l a t ion  was completed on the  project  
t o  provide addi t ional  heat generating capacity i n  the  189-~ Heat Transfer 
Laboratory through the use of s i l i con  r e c t i f i e r s  (Project  c~-661),  and the 
equipment was  operated a t  low power l eve l s  under the direct ion of the  
vendor's representative.  
before the  acceptance tests are performed. 

Areas were defined which require  minor adjustments 

The pro jec t  t o  modify the a igh  Pressure Heat Transfer Apparatus f o r  higher 
flow and heat generating capaci t ies  and t o  allow t rans ien t  type experiments 
(Project  CGH-834) i s  on schedule. The 250 gpm pump was received a f t e r  the 
successful completion of a 100-hour hot tes t  a t  t he  vendor's p lan t .  
fabr icat ion was s t a r t e d  on the bus bar additions t o  handle 32,000 amps and 
the  bus i n t e r t i e  t o  connect the  apparatus w i t h  e i t h e r  the r e c t i f i e r  o r  gen- 
e ra to r  heat generating sowce .  In  addition, the construction forces  com- 
menced s i te  preparation f o r  the tes t  sect ion fabricat ion area. 

Shop 

Hydraulic Studies. 
which w i l l  f i t  i n to  the  downs2rean end of a K Reactor process tsbe. 
device i s  proposed f o r  use a t  the  K Reactors with the K - 1 1 1  I & E slugs 
(a low flow res i s tance  s lug)  during five-pump operation. Five-pump operation 
would be non-standard procedure with K - I 1 1  slugs, but i f  one of the  s ix  
pumps should fa i l  and be out of service f o r  an extended period, then the 
use of t h i s  flow r e s t r i c t i n g  device might be economical f o r  such in t e r im  
operation with f i v e  pumps 

A flow r e s t r i c t i n g  device was developed and t e s t ed  
The 

The device, which i s  t o  replace the  two downstream th in  w a l l  perfs ,  was 
sized t o  provide an addi t ional  55 p s i  of pressure drop a t  a specified flow 
rate. 
i s t i c s  would not be changed during i t s  use. 
tes ts  are presented i n  HW-60375. 

It was found t h a t  c r i t i c a l  flow and temperature monitoring charaeter-  
Results of the  development 

Channel flow s p l i t  r a t i o s  were determined f o r  a model of a developmental 
tube-and-rod fue l  element which is present ly  being i r rad ia ted  a t  NRTS, 
Arco. The experimental flow s p l i t  values checked w e l l  w i t h  previously 
calculated values, bu t  these d id  not compare w e l l  w i t h  thermocouple read- 
ings obtained during i r r ad ia t ion .  E i s  now suspected that the themo- 
couples may be i n  e r ro r .  
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3. 

A model of the 7-rod c lus t e r  f a e l  assembly f o r  NPR, using 0.704-inch 
diameter rods: nas Seen fabricated and assembled. This asseF3ly i s  
approximately s ix  f e e t  long arid w i l l  Se used i n  hydraTalic s tud ies  of 
&P versus wire wrap p i t ch .  
s i z e  t o  use i n  wire wrasping a t  vario-is pi tches .  
were performed without any wire wrazs. 

Copper wire has b5en drawn t o  the  proper 
I n i t i a l  experiments 

A special  coaxial  t-nt copFer conauc-Lor was received t o  be used i n  the  
measurement of mixixg e f f i c i e rcy  by con3tlctivity methods i n  a 7-rod 
c lus t e r  type f:el e ieaent .  
s a t i s f ac to ry  and did not d l s t - x - 2  flow, i n i t i a l  experience with the  elec-  
t r i c a l  c i rc .J i t  indicated 1msta'cl.e ar?d unpredictable res i s tance  values.  

Althorrgh in s t a l l a t ion  of t he  cable groved 

J e a t  Zransfer 3 a r a c t e r i s t i c s  of W.9 ?uei Elements. The calculat ions 
of the  natTiral inixigg efficiezcjr f o r  t h i  7-rod bundles were extended t o  
zncllr&e f..iel rods of diaueters  9.625, 0.704, C.740, and C . 7 8 0  and lengths 
of 10, 2C, 3L, and kD f e e t .  
was writ ter (1%-6~376) 

-. ,ais wozk was completed, and a f i n a l  report  

Mecnanical Eqi i raent  Devcioment 

Crgaci: Coo1ir.g Syssem Ccinporen+,s. 
and 3 s r m x t e l l i c  havc oJersted 13C4, 1576, and 1414 hours, respect ively.  

The shaf t  sea ls  using John Crane Sealol  

Vario?is t e s t  pieces w e r e  ogerated 5or 480 hours during May a t  300 C and 
30C rsl with a recirc-Aated t e r t i a r y  organic eu tzc t ic .  
tine of 1200 horns has accr*Jea w i t h  the  a3ove organic. 

A t o t a l  operating 

Feactor Technology De-Jelopment 

AttenuatioK Meas7iirenerits. The f o i l s  fron the  f i n a l  t e s t  on ferrophosphorus 
concrete Saked st 320 C have 3eez co-m-ted and the data  sent t o  13Mo This 
w i l l  conplzte the  Frogran for  t e s t i n g  neutron a n 3  g m a  at tenuat ion prop- 
e r t i e s  of ferrophcsphorus concrete. 
p h c x s  concrete program i s  i n  preparat ioc.  

A s - m a r y  repcr t  on the ferrophos- 

F o i l s  from the  second tess on pure i r o t  have beer counted and the data  
sent t o  I B M .  
anaigzed. 
baked a t  50 C .  
(1) rrsing a se-entine mixture and (2 )  w i n g  a b a r i t e  mixture. 

The data  from the  ordinary concrete p-ogram are being 
The perforated ferrophosphorJs corrcrete tes t  slabs are being 

%o new sets of concrete t es t  s l sbs  a r e  being fabricated,  

Co-mting i s  imder way on the f i r s t  f o i l  loading of the  NPR boron-steel  
thermal sh ie ld  t e s t  

FABRICATION DEELWMENT - SPECIAL ALliMIN'il-PLWONILM FUZL ELEMEES 

A2proximateiy 2CO bi l le i l s  (@O# cf a l m i n ~ - p l u t o n i m  a l loy )  have been 
cas t  f o r  the  expr imen ta l  fabr ica t ion  of fue l  elenents f o r  SRP 
irradiation:. The b i i l e t s  were cas t  t o  the  correct  diameter w i t h  one 
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end configuration i n  order t o  eliminate a s  much machining as possible.  With 
a nominal Pu concentration of 7.35 percent, the  analyses of the  caBt b i l l e t s  
have been in  the range of 7.06 t o  7.58 percent Pu, o r  within four percent of 
t he  nominal composition. 

A boron pick-up of 100 ppm was detected spectrographically in  some of the 
b i l le t s .  Th i s  coincided with the  use of c lay  graphite crucibles f o r  melt- 
ing. 
containing 200 ppm boron, but a boron concentration beneath the  surface of 
only 3 ppm. Also, a cut t ing  lubr icant  which i s  car r ied  along with the  re- 
melt stock, contained 2 ppm boron. However, assuming these samples a re  
representative,  the  mounts of boron detected in  the  crucible  and lubricant  
a r e  insuf f ic ien t  t o  explain the amount of contamination i n  the  a l loy .  Hence, 
t h i s  boron contamination problem is  being investigated fur ther .  

Analyses of t h e  crucible  mater ia l  have indicated a surface layer  

To date,  seventy-five transplutonium fue l  rods have been extruded. The as- 
extruded rods are approximately 72 inches long with 57 inches of Al-Pu core 
material containing the  nominal 7.35 w/o Pu. 
0.940 inch, and the  X-8001 Al cladding thickness i s  approximately 0.100 inch. 
The extrusion temperature i s  525 C, and the  average extrusion pressure i s  

were b l i s t e r s  and I'dogboning'', o r  end e f f ec t s .  
decreased by modifying the  b i l l e t  design t o  minimize r e s t r i c t i o n  of the  out- 
gas hole during welding. The "dogboning", which was grea tes t  a t  the lead 
end of the  core, was decreased t o  w i t h i n  specif icat ions by machining a taper 
on the lead  end of t he  b i l l e t  core. 

The extruded diameter i s  

6.2 x 10 4 p s i .  Two pr inc ipa l  causes of r e j e c t s  i n  the earlier extrusions 
The bl is ter  r e j e c t  r a t e  was 

To date ,  a t o t a l  of 33 acceptable elements have been shipped t o  Savannah 
River f o r  i r r ad ia t ion  t o  high burnups. An addi t ional  special  element, 
sectioned a t  the center  and closed wi th  0.010 inch aluminum f o i l ,  was a l so  
shipped. 

B. WEAPONS - 3000 PROGRAM 

Research and development i n  the  f i e l d  of plutonium metallurgy continued i n  
support of the Hanford 234-5 Building Operations and weapons development pro- 
grams of t h e  University of Cal i fornia  Radiation Laboratory (Project  Whitney) . 
Detai ls  of these a c t i v i t i e s  are reported separately v i a  d i s t r ibu t ion  l i s t s  
appropriate t6  weapons development work. 
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C .  F3ACI’OR DEVELOPMENT - 4000 PROGRAM 

1. PLUTOXUM RECYCLE PROGRAM 

Plutonium Fuels Development 

3as i c  Studies. 
additions on the  s i n t e r a b i l i t y  of UOg have continued. PuO2 has been added 
t o  b a l l  n i l l e d  PWR grade U02 as a physical mixture, and i n  the  form of the  
mixed c r y s t a l  oxide. 

Experiments t o  det,ermine the  e f f e c t  of plutonium dioxide 

Conelusions which may be drawn t o  da te  are: 

a. 

b .  

C. 

a. 

Tne s i n t e r a b i l i t y  of 902 i s  markedly reduced by physical addi t ions 
of up t c  10 w/o Pu02. 
and e ight  hours from 1100 t o  1600 C .  

This i s  evident from data  a t  one, two, four ,  

After e ight  hours a t  1500 and 1600 C,  dens i t i e s  of t he  mixed c r y s t a l  
( r a the r  than physical n i x t w e s )  are equivalent t o ,  o r  above, t h a t  of 
V02. T h i s  nay possibly be a t t r i bu ted  t o  so l id  solut ion formation. 

Pu02 added t o  U02 i n  t he  form of the  mixed c rys t a l  oxide appears t o  
s l i g h t l y  increase dens i f ica t ion  rates. 

A preliminary value of t he  ac t iva t ion  energy f o r  se l f -d i f fus ion  in 
U02 w a s  determined as 75,000 cal/mole. 

Turnings of alpha and de t a  plutonium metal were heated with 6$ excess 
carbon a t  1050 C and mm Hg f o r  3-1/2 hours. There was a d e f i n i t e  
fusion of t he  two eons t i tuents  i n t o  a porous mass which.was very pyrophoric. 
X-ray d i f f r a c t i o n  pa t t e rns  of t h e  two samples showed t h e  phases PuC, Pu2C3, 
and some res idua l  carbon. I n  addi t ion,  the  mixture containing alpha plu- 
tonium gave an unident i f ied  phase. 

A nigh temperature tangsten ribbon furnace has been put  i n t o  operation f o r  
use i n  melting poin t  determination of compounds. Uncorrected temperatures 
on the order of 2600 C have been a t t a ined .  
absorption cor rec t ions  are being determined. 

A t  t h i s  time the  pyrometer 

The experimental work on so l id  s o l u b i l i t y  i n  t h e  system UOg-PuO2, and on 
chemical d i sso lu t ion  of s o l i d  solut ions formed during s in t e r ing  i n  t h i s  
system, has been conpleted and is reported i n  HW-60276. 

The radiometallurgical examination of t h e  unbonded 4-rod, Al-Pu a l l o y  
c l u s t e r  (IP-186~) i r r ad ia t ed  i n  t h e  KER-3 Loop i s  almost completed. 
eight-inch long, Al - 8 w/o Pu a l l o y  core elongated 0.008 inch, while 
two, four-inch long cores shortened i n  length by about 0.009-0.010 inch. 
Two of t he  four-inch long cores were found t o  be d i f fus ion  bonded t o  each 
other but not t o  the  Zircaloy cladding. 

An 
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Fabrication Studies. 
in jec t ion  cas t ing  of aluminum in to  Zircaloy tubing w a s  completely broken 
when two, 32-inch long, s h u l a t e d  fue l  rods were autoclaved f o r  72 hours 
a t  400 C and 1300 p s i .  Before autoclaving, Z r  end c a p  were welded in to  
t h e  counterbored tube ends so t h a t  there  was no clearance between the  
aluminum cores and t h e  end caps. After autoclaving the  I D  of t he  tubing 
was as much as 0.002 inch grea te r  than  the  OD of t he  aluminum cores.  
Longitudinal tubing elongations of 0.028 and 0.032 inch were noted af ter  
autoclaving, and the  aluminum lengths  were as much as 1/8 inch shorter  
with consequent increase i n  densi ty .  

The A l - Z r  metallurgical bond formed by air-pressure 

A 48-inch long in jec t ion  c a s t  rod was held a t  400 C i n  a vacuum furnace 
f o r  one hour and then slowly cooled i n  the  furnace. 
used with t h i s  cast ing,  and no dimensional changes were found a f t e r  the  
furnace treatment. 
before and af ter  heating i n  t h e  vacuum furnace revealed t h a t  t he  bond did 
not separate  as i n  t h e  autoclave and t h a t  one phase i n  t he  l aye r  had grown 
a t  the  expense of another. The A l - Z r  ccmpounds i n  t h e  l aye r  were not 
i den t i f i ed .  

End caps were not 

Metallcgraphic examination a t  5OOX of the  Al-Zr bond 

S ta in l e s s  s t e e l  cans f i l l e d  with fused alumina powder have been success- 
f u l l y  reduced up t o  40$ reduction i n  area by ro l l i ng .  This has r e s -d t ed  
i n  a ca lcu la ted  ceramic density of 75%. 
using s ized p a r t i c l e s  which have keen outgassed and then v ibra t ion  packed. 
After a 25% 
reduction w i l l  be t a k e n .  
density can be achieved, it may be necessary t o  change can design bnd t o  
evacuate t h e  cans i n  order t o  reach the  desired densi ty .  

The experiment i s  being repeated 

reduction the  p l a t e s  w i l l  3e annealed, agd a n  addi t ional  25% 
Although it i s  hoped t h a t  go$ of t heo re t i ca l  

A Y-rod, Zircaloy-clad, A1-Pu c l u s t e r  has been completed and s e n t  t o  t he  
ETR f o r  i r r ad ia t ion ,  and the  fabr ica t ion  and assemkly of a 19-rod c l u s t e r  
experiment are proceeding on schedule. 
fabr ica ted  by using t h e  an t ic ipa ted  PRTR f u e l  fabr ica t ion  process, which 
i s  t o  inser t  undersized rods i n t o  as-received Zircaloy tubing followed by 
s i z ing  t h e  sealed tube onto t h e  rod by swaging. 

Nineteen-rod c l u s t e r s  a r e  being 

One of t h e  fu l l  length  Zircaloy clad and w i r e  wrapped dummy elements t h a t  
had been fabr ica ted  by swage s i z ing  was cycled 1650 times i n  t he  ELMO loop 
between 250 and 525 F. 
severe i n  t h a t  a considErable temperature gradient  ( l 5 O - x ) O  F )  exis ted  
along t h e  length  of t he  element during cycling, and the  r a t e  of rise and 
f a l l  w a s  about 150 t o  200 F/min. An examination of t h e  element showed 
t h a t  it had f a i l e d  by s p l i t t i n g  of t h e  cladding along t h e  full  length.  
Since t h e  element w a s  not examined in te rmi t ten t ly ,  it i s  not known how 
many thermal cycles were sustained before the  rupture occurred. 
remained i n t a c t ,  however, and the  rupture was not caused by an end closure 
failure. 
elements with in te rmi t ten t  exminat ions.  

The thermal cDnditions i n  t h e  loop were qui te  

The w i r e  

Further cycling experiments a r e  planned employing addi t ional  

Two similar defected elements which contained 2s A1 rods were also exposed 
t o  300 C, PH-9 water, i n  the  1002 f o r  a t o t a l  of 30 hours. A surface flow 
ve loc i ty  of 15 f t / s e c  was maintained throughout t he  experiment. One 

UNCLASSIFIED I Z b O 3 5 8  



U?JCUSSIFIED A- 22 HW-60505 

element was defected by d r i l l i n g  1/16-inch diameter holes through the  clad- 
d i rg  near one end and a t  the center .  
through the  holes; however, t he  element showed no signs of swelling a t  the 
e rd  of t h i s  time, and the tes t  w a s  discontinued. The other element was de- 
fected on one end with a five-inch long longitudinal s l i t  through the clad- 
ding. Although a s l igh t  
amount of swelling w a s  observed in  t h i s  element after eight  hours exposure, 
t he  swelling was no worse a f t e r  30 hours. These elements were cycled a 
t o t a l  of four times between room temperature and 300 C a t  the rate of about 
50 F/min. 
gradient existeZ along t h e i r  length.  No loosening o r  f r e t t i n g  of the  wires 
was observed. The elements a re  now being secticned t o  determine the extent 
of the  alumin*m corrosion. 

Corrosion products were v i s ib l e  

The width of the  s l i t  w a s  about 3 / 6 4  of one inch. 

Some warping of the  eleIcents was observed; however, a temperature 

An ex is t ing  wire wraDping f ix tu re  has Seen modified t o  handle etched fue l  
rods and w i r e .  
the  f i x t u r e  t o  a w i d  scoring the etched p a r t s  and an im2roved means of 
3 . 2 l i n g  the *ire in  tension w a s  added. The l a t t e r  change includes a force 
gage t o  measure the tension i n  t he  wire acclrrately. 

Nylon o r  aluminum was sabs t i tu ted  fo r  a l l  brass p a r t s  of 

The shor i s  present ly  fabr ica t ing  a banding too l  f o r  banding fue l  element 
c lus t e r s  and a proto%-ne a i r  operated uni t  f o r  removing the top bracket of 
a Mark I-F fiiel element c lus t e r  remotely. 

Delivery of s ix ty ,  24-inch, c r i t i c a l  mass experimental test  elements was 
made t o  C r i t i c a l  Mass Physics. 

Thirty-three grams of PuO2 were c l a s s i f i ed  in to  f i v e  d i f f e r e n t  p a r t i c l e  s i ze  
rangPs by emgloying a sedimentation technique i n  an aqueous solution t o  
which a def locc-aent  had been added. A good separation was effected by 
allowicg the p a r t i c l e s  t o  s e t t l e  a known distance fo r  various times. 

YO=, Fuel Developnent 

PRTR Fuel Elements.  
302 at Norto3 Company w a s  conqleted. 

Preparation of approximately 1200 pounds of a rc  fused 
If complete eva lwt ion  reveals t h a t  

t h i s  material i s  of t he  qua l i ty  indicated by preliminary analyses 
(pa r t i cu la r ly  0:U r a t i o )  a t  Norton, t h i s  w i l l  be a development of s ign i f i -  
cant interest f o r  the preparation of both swaged and v iSra tor i ly  compacted 
fllel elements f o r  PRTIi t e s t i n g .  
t h i s  month, and more rods a re  ready f o r  assembly. 
vas s e d  very s a t i s f a c t o r i l y  f o r  th i s  second f u e l  element. 
~f aecepta5le rods produced i s  approximately equal t o  the  t o t a l  re jected,  
wi th  cladding defects  accounting f o r  most of the  r e j ec t s .  
fec%s are detected pr inc ipa l ly  by the  fluorescent dye penetrant t e s t  
(external  flaws) o r  the  eddy current t es t  ( in t e rna l  f laws) .  

The second 19-rod fue l  element w a s  assembled 
The wire wrapping mschine 

The t o t a l  number 

The cladding de- 

Although it has been ant ic ipated t h a t  a var ie ty  of problems would be en- 
coimtered i n  experimentally fabr ica t ing  and assembling the f i rs t  f u l l  length 
PRTR rods, a vigorous e f f o r t  i s  being made t o  reduce the r e Jec t  r a t e  while, 
a t  t he  same time, increasing the  number and severi ty  of nondestructive tes ts  
which w i l l  cause r e j e c t s .  
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A number of rods re jec ted  by the  Zyglo (f luorescent  dye penetrant)  t e s t  
were sectioned, and small cracks were de.tected a t  pos i t ions  predicted 
by t h e  dye penetrant .  
t h a t  t he  t es t  was adequate and necessary. 

Other a reas  were free of cracks. This establ ished 

Tests of tubing before and after swaging established t h a t  many defects  
were present i n  t h e  tubing before swaging. 
without wasting time and mater ia l s  swaging defect ive tubes, the acceptance 
inspection f o r  tubes has been changed from a "dye-check" t e s t  t o  the more 
c r i t i c a l  "Zy@o a - 2 2 "  penetrant t es t .  

To use the  tubing on hand 

A second category of r e j e c t s  was due t o  low density material which involved 
about 22 rods. 
problems. Preparation procedures have been changed t o  increase the density 
of t he  U02, and more frequent sampling of batches of U02 powder i s  now re -  
quired. 

The cause of t he  low density was traced t o  powder preparation 

Fabrication Development. 
sect ion were achieved by swaging hollow t h i n  w a l l  tubing sometimes resulted 
i n  ser ious cracks or other  defec ts  i n  t he  tube. A s e r i e s  of swaging exper- 
iments has demonstrated t h a t  reducing t h e  "throw" of t he  d i e s  on the sta- 
t ionary  spindle swage machine helps t o  minimize these  defec ts .  The sta- 
t ionary  spindle, Sutton swage machine (now on order)  has d i e s  having a 
l'throw't which i s  ad jus tab le  from 0 - 0.040". 
poss ib le  t o  obtain t h e  optimum d i e  "throw" f o r  any pa r t i cu la r  swaging job. 

Experiments i n  which l a rge  reductions i n  cross  

This equipment should make it 

The effect of CaT2 on t h e  dens i f ica t ion  of s in t e red  U02 i s  being evaluated. 
S in t e r ing  tes ts  a t  1750 C f o r  12  hours showed no bene f i c i a l  e f f e c t  w i t h  
ball milled PWR-type powder. With high percentages (2.5 t o  5.0 w/o) of 
CaF2, however, the s intered dens i ty  of untreated PWR grade U02 was i n -  
creased subs tan t ia l ly .  
UOg were obtained with additions of 2.5 W/O CaF2 t o  t he  U02 which had not been 
b a l l  milled. 

Densities 95 percent of t he  theo re t i ca l  dens i ty  of 

A heat sensing device providing rapid response is  required t o  adequately 
control  t h e  heat source f o r  hot swaging of f u e l  rods. A PN germanium- 
junction photo diode sensing u n i t  i s  being used t o  control  t he  heating of 
f u e l  rods p r i o r  t o  hot swaging. 
pera tures  from 200 C t o  w e l l  over 1100 C .  
u n i t  i s  0.000001 second. S e n s i t i v i t y  of t h e  device w a s  increased by l i m i t i -  
ing i t s  response t o  in f ra red  rad ia t ion ,  thus  eliminating the  need fo r  f i l t e rs .  

The device i s  designed t o  control  tem- 
Response time of t he  sensing 

Metallographic examination of hot swaged, Zircaloy-2 clad f u e l  element rods 
revea ls  a microstructure not apparent i n  cold swaged tubes. 
"basket weave" o r  Widmanstatten-like microstructure which i s  observed i n  
the  hot swaged j acke t  material i s  transformed beta phase. As Zircaloy-2 
i s  cooled from the  beta phase region (above 900 C )  alpha phase p l a t e l e t s  
p r e c i p i t a t e  along t h e  crystallographic planes within the  l a rge  beta gra ins ,  
The "basket-weave" microstructure results. Corrosion res i s tance  and t e n s i l e  
proper t ies  of t h i s  s t ruc tu re  appear t o  be as good as, o r  b e t t e r  than, those 
of annealed material. 

The predominant 
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The Zyglo tes t  was em?loyed t o  chz2.k Zirzaloy-2 tubes f o r  surface ir- 
regular i t ies  p r i o r  t o  swaging. 
defec ts  su f f i c i en t  for  re jec t ion ,  A l l  of these tubes had previously 
passed the  aye-check tes t .  Metallogra2hic examination of t he  defect  
areas i s  i n  progress.  Preliminary data indicate  t h a t  surface cracks 
missed by Dye-check and de5ecte.l by Zyglo are O . X 3  t o  0.006 inch i n  
dsgth.  These cracks and defects  a c t  as stress loea l i z5 r s  during subse- 
qJezt straging operations and may contr ibJte  t o  cladding fai lure .  

Ten of t h e  f i f t e e n  tubes t e s t ed  showed 

Uitrasonlc inspection of defect ive tubes has been s u c c e s s f d  i n  t h a t  t he  
Zyglo defects  have been readi ly  found. Other defects ,  possibly imper- 
feeTions of t h e  in te rna l  swfa te ,  a l s o  were located,  

11- Ai-I'ire.3" GO2 powdzr ( S p n c e r  Zhznical So. w a s  swaged t o  89-90 percent 
of t k 3 r e t i c a l  fi%sZ%y of '-02. f n i s  ccE?ares w i t h  dens i t i5s  of 90-91 
Ferzent cf the tkeo re t i ca l  whicn have Seer, obtained with Norton arc-fused 
YO2 I 

Y i oel Evalxat ion A 
302, 36 inchzs iong 
f i s s ion  break. The 

fne: assembly consis t ing of a nested tube and rcd of 

elenients were discharged a f t e r  f i v e  days of i r r ad ia t ion  
and re i i s t r .mented  f o r  addi t ional  t w i p e r a t x e  zeaswements. The element 
relzasefi f i s s i o n  gases soon a fze r  reaching f a l l  power af ter  the  recharging. 
Ssolant t,em>era+,-xe and flow measwernents were o5tained p r i o r  t o  fa i lure .  

, w a s  i r r ad ia t ed  i n  t h e  Em f o r  s i x  days p r i o r  t o  a 

A C ~ C S S  sect ion of t ne  i r radiLted,  l a rge  dianeter  (1.44 inches), swaged 
3x1 element c m t t i 2 i c g  na 'ua l  U02 revealed the  following preliminary data:  
(1) a t h i n  l aye r  cf J02 powder adjacent to the  s t a i n l e s s  s t ee l  cladding, 
: 2 )  a th ick  zylinder of high ders i ty ,  s in te red  V02, (3)  a cylinder of r ad ia l  
ccl>mnar grains ,  an3 (4 )  a care coztaining 'J02 which probably w a s  molten 
3wing  i r rad ih t ion .  
t he  or ig ina l ,  i r r ad ia t ed  "ask cans" and t h i s  swaged element. 

Posf - i r rad ia t ion  exminat ion  of t he  Pu-enriched, U02 pow3er containing fue l  
c l a s t e r s  has revealed the following information: 

There i s  a marked s imi l a r i t y  between the appearance of 

(1) Tie pnysical cha rac t e r i s t i c s  of tne PuO2-UO2 Pael after i r r ad ia t ion  
were narke3J.y d i f f e ren t  from those of any previously i r r ad ia t ed  U02, 
t ne  fomer exhib i t ing  r e l a t i v e l y  l i t t l e  of the cracking and frag-  
mentation observed i n  pure l.702. 

( 2 )  The formation of a l a r g e  cen t r a l  cav i ty  was evident i n  both the  
Pl; and t h e  U-235 enriched 502 rods. 
r d s ,  a so l id  compct of ftlel w a s  formed a t  one end, 
t ub -da r  or iented voids were observed a t  the center  port ion of 
t h i s  compact. 
a t i on  of t he  columnar grains .  These voids are c h r a c t e r i s t l c  of 
those fomed during U02 dendri te  formation by s9blimation i n  ex- 
reaztor  expe rhen t s .  

I n  one of t he  Pu enriched 
Large, 

&all  la te ra l  voids were observed near the  termin- 

1 2 1 1 0 3 b l  TJN@USS IFIED 



UNCLASSIFIED A- 25 HW-60505 

(3) Most of t he  core material a f t e r  i r rad ia t ion  consisted of large,  
radially oriented, columnar grains.  

(4) Etch p i t s  were formed i n  the  high densi ty  columnar grains  during 
polishing and etching. 

( 5 )  A second phase of undetermined composition was observed w i t h i n  
the  la rge  grains  of PuO2-UO2. 

A four-rod c lus t e r  containing a r c  fused, natural  U02 Vibrator i ly  compacted 
t o  78 percent of the  theore t ica l  densi ty  has been i r rad ia ted  t o  approxi- 
mately 800 MWD/T i n  the GM-4 f a c i l i t y  i n  the  MTR, a t  a power generation 
of approximately 35 kw/ft and a heat f l ux  of approximately 250,000 BTU/hr/ft2. 

Basic Studies.  
examination of polished and etched surfaces and by fractography. The pres- 
ence of s m a l l  voids has been detected a t  grain boundaries i n  UOg i r rad ia ted  
t o  0.015 a/o burnup. The holes presum&bly a r i s e  from (1) migration of gases 
trapped during the  fabricat ion processes, (2)  generation and migration of 
f i s s ion  gases, o r  (3)  a combination of (1) and (2 ) .  Examination of material  
i r rad ia ted  t o  0.022 a/o burnup i s  expected t o  reveal trends i n  the  radiat ion 
behavior of U02. 

Radiation damage i n  U02 i s  being studied by metallographic 

Corrosion Studies 

Hydriding of Zircaloy-2. Laboratory s tudies  indicated that the  extent of 
hydriding of Zircaloy-2 when exposed t o  molecular hydrogen depends on the  
temperature, the  previous Zr02 f i l m  present on the  metal, and the concen- 
t r a t i o n  of water vapor i n  the hydrogen. 

Zircaloy-2 samples were prepared by pickl ing 1" x 1/2" coupons i n  HNO3-HF. 
The surface oxide was dissolved in to  the metal by vacuum annealing the 
samples a t  TOO C .  The temperature was then lowered t o  t h e  tes t  temperat-we, 
water vapor a t  a f ixed vapor pressure was admitted t o  form a new oxide film, 
and then hydrogen gas was admitted. 
extent  of hydriding measured by the  hydrogen pressure drop w i t h  time. 
data, summarized i n  Table I, indicate  that a t  400 C very small amounts of 
water vapor inh ib i t  the hydriding r e a c t i m .  As the  temperature i s  ra i sed  
and the pro tec t ive  ZrO2 film begins t o  dissolve in to  the metal, more water 
vapor is  needed t o  inh ib i t  t he  hydriding react ion.  It appears t ha t  a s  the  
ZrO2 film grows i n  thickness it becomes less protect ive.  
by the  f a c t  t h a t  a t  both 500 C and TOO C water vapor pressures which were 
inh ib i t ing  a t  short  times were Rot protect ive a t  long times as shown i n  
Table 11. Also, a preformed autoclave film hydrided immediately. 

The hydrogen w a s  valved off and the 
The 

This i s  indicated 
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Temp 

400 C 

500 c 

603 c: 

700 c 

TABLE I: IIl'IlRIDING OF ZIRCALOY 

Short Term Experiments {Min.)  
H20 Vapor Pressure 

mm H g  Extent of Hydriding 

10-7 C onpl e t e 

10-7 Complete 
0.1 C onpl e t e 
0.6 F a r t i a l  
1 . 6  Not detectable 

0.1 Not detectable  

10-7 Z ompl e t e 
0 .1  C omFl e t  e 
0.6 Alnost complete 
4,6 3ot  detectable  

10-7 Compl e t  e 
0 e 1  Complete 
0 .6  C omFl e t e 
k . 6  P a r t i a l  

Not Detectable 23 

Time 

44 min. 
38 I' 

26 
50 I '  

50 'I 

5 I t  

1 3  'I 

30 I t  

30 I '  

4 I '  

5 

15 'I 

30 I 1  

30 I' 

30 ' I  

Complete hydrlding is  defined as saturated w i t h  He, e.g., 
1g,ooo t o  22,030 'L?pm. 

TABU I f :  'iIYDRI2IMG OF ZIRCALOY 

Long Term Experiments (Hrs) 
H20 Vapor Pressure Temp MD Hg Extent of Hydriding Time 

500 c 23 Complete 16 h r ~ .  

700 c 23 Not detecta5le  2 I' 

16 'I 23 C ompl e t e 

700 c (+day 
400 C auto- 
clave fUm) 23 Cmplete  1 

Etching Zircalox. I n s t a l l a t i o n  and s t a r tup  of t h e  314 Building horizontal  
etching prototype fa r  PRTR experimental f u e l  components were completed 
during the month. The a l u m i n m  n i t r a t e  bath i s  c i rcu la ted  by means of a 
canned r o t o r  type pmp t o  help ics-xe a uniform neut ra l iza t ion  of hydro- 
f l u o r i c  ac id  aloag t h e  e n t i r e  surface of the etched element. 
c i r cu la t ion  system f o r  t he  e t ch  tank using a Vanton pump i s  being t e s t ed .  

A similar 
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The r i n s e  t ank  i n  t h e  new prototype has been equipped with spray heads t o  
improve the rinse s t ep  by spraying the  elements as they a r e  being immersed 
i n  the hot water rinse and again as they are removed from the  water. The 
sprays a l s o  keep the r i n s e  bath w e l l  ag i ta ted ,  e f f ec t ive ly  a id ing  in  the 
rinse.  

Along with the experimental use of the  etching prototype, above, several  
of t h e  s teps  i n  the  experimental fabr ica t ion  of PRTR U02 f u e l  have been 
combined i n  3 4  Building. These include: (1) cleaning, (2) l ight etch,  
( 3 )  Zyglo t e s t i n g  f o r  cracks, (4)  heavy etch,  and ( 5 )  autoclaving. 

S t ruc tu ra l  Materials Development 

Zircaloy-2 Process Tubes. Eighty-three Zircaloy-2 PRTR process tubes have 
me t : a l l  spec i f ica t ions  on inspection a t  t he  vendor's p l an t .  F i f t y  tubes 
are a t  Hanford and the  o ther  33 are ye t  t o  be shipped. There a re  an addi- 
t i o n a l  s i x  tubes which have met a l l  dimensional requirements; however, 
samples from f i v e  of these tubes exhibited s l i g h t l y  high weight gains during 
corrosion t e s t ing ,  and one tube has a high nitrogen content. 
tubes are cur ren t ly  undergoing f i n a l  inspection. 

The l a s t  nine 

Corrosion t e s t i n g  of samples from the PRTR tubes i s  being conducted by the 
Allegheny Ludlum Stee l  Corporation. 
samples run a t  Hanford and a t  ALSC have revealed a bias of about 10 t o  
20 mg/dm2 more weight gain during t e s t i n g  a t  ALSC. 
could poss ib ly  result from var ia t ions  i n  sample preparation o r  t e s t i n g  
techniques, samples from the f i v e  tubes wi th  high weight gains are t o  be 
r e t e s t ed  a t  both Hanford and Allegheny Ludlum f o r  a f i n a l  determination of 
whether t he  tubes are acceptable. The spec i f ica t ion  f o r  t he  PRTR tubes 
requires  a weight gain of not more than  30 mg/dm2; whereas t h e  f i v e  i n  
question exhibited w e i g h t  gains of  32, 32, 33, 35, and 40 mg/dm2 i n  the 
f i rs t  tes ts  by Allegheny Ludlum. 

Comparison test results on tube 

Since t h i s  difference 

Coolant Systems Testing 

Rupture Tests Out-of-Reactor. 
PRTR f u e l  element rods,  one w i t h  a longitudinal s l i t  defect and the  o ther  
w i t h  a 1/32'' hole defect  were run i n  ELMO-7 Loop a t  300 C i n  9.0 pH water 
t o  determine whether t h e  aluminum of a ruptured element would react ex- 
cessively with t h e  water. After operating periods of 2, 4, 8, and 16  
hours, only a minor amount of  swelling was noted on the s l i t -defec ted  
element and none on the  hole-defected one. No increase i n  pressure drop 
w a s  noted on e i t h e r  element during the tes t  periods. 

Two Zi rcdoy-2  c lad  s o l i d  aluminum core 

Component Testinq. 
527 F have been made on a test  sec t ion  incorporating a l l  the  f i n a l  top 
and bottom-end PRTR process tube seal designs. Small l eaks  were noted 
on t h e  F l e x i t a l l i c  gasketed nozzle-tube connection during cooling cycles 
and continuously on the F l e x i t a l l i c  gasketed cap. All other  j o i n t s  were 
leak  free. A Zircaloy-2 clad,  s o l i d  aluminum core, simulated Pu-A1 rod 
has been thermally cycled 1300 times between 250 F and 527 F t o  determine 
whether bowing w i l l  occur and whether the s p i r a l  mixing wires elongate. 

A t o t a l  of 3500 thermal cycles between 230 F and 
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1 2  

The pressure drop of a 7-rod c l u s t e r  element, consisting of t he  center  
7-roiis of a l9-rod PRTR element Dlanned f o r  KF,R t e s t ing ,  w a s  measured 
a t  2.03 p s i  a t  60 gpm and room temperature, which calculated t o  an ex- 
pected drop of 1.44 ?si a t  280 C bulk water temperature. 

Raiiiometallurgy Laboratory Studies  

Fission product gas cb l lec t ions  were obtained from an eight-inch long 
U02 f u e l  element arid from a Zr-2 clad four-rod c l u s t e r  fuel element. 
Density measurenients were Eade on 8 w/o Pu-Al, 8 w/o Pu-12qd Si-A1 al loy,  
acd 3n uranium swelling program samples from KER-3-2. Vacuum annealing 
of t h e  uraiium specinens a t  880 C reduced the  density from 18.56 t o  
17.38 g/cc. The r e s u l t s  and conclusioxs from t h i s  work w i l l  be reported 
i n  eoonection w i t h  the rzsgective develo2ment programs of Ceramic Fuels , 
PlJtoni-Jm Metall-xgy and Physical Metallurgy Operations * 

Themal Hydraulics Studies 

A i r  Cooling of PRTF. Fuel Elements. 
t h e  requirements f o r  ccoling t h e  PRm f u e l  elements by a i r  i n  the f u e l  

a e a t  transfer experiments t o  evaluate 

exauiination f a c i l i t y  were cQmpleted, 
uated, and  only Fre l in inary  r e s u l t s  are availaSle a t  t h i s  time. 
designs were invest igate5:  (1) Mark I 19-rod bundle, and (2 )  the outer  
r i ng  of the Mark 11-b concen t r iqg ing  element, 
long fael element sect ion Was coo’lbd l&#Adnsverse a i r  flow supplied by 
a p-ototygical baffle _axrangepnt+. The- tempera: d i n  the  fue l  
sect icns  were meaiard BS; ‘ i h e ~ m c l @ t ~ l P  $3otes 
th5 tubes.and pwsitioned at any cTebPred’I.ocption. 

FD-ir terrqerature poin ts  (90” spacing) were taken  a t  four-inch intervals 
alozg the length of the Mark 11-I: whi le  varying fue l  element power, a i r  
flow ra t e ,  and tabe ro t a t ion .  Also, a t  two loca t ions  along the length  
of t h e  tube, peripheral  temperayare transverses were made on a 100 i n t e rva l .  

The data  a re  cur ren t ly  being eval- 
Two fuel 

IE each case a 36-inch 

1 ‘L. + *.- 

Beiallse cf symmetry i n  the  19-rod kundle, only 13  of the 19 tubes were 
grobed. 
intervals along th? length  of each of the  1 3  tabes invest igated.  These 
temperature data were obtained f o r  one power and flow r a t e .  For three tubes 
i n  the bundle, power and flow rate were varied and the same temperature data  
obtained. 
temperatures i n  t he  bundle, while the  t h i r d  rod of moderate temperatures w a s  
se lec ted  as a low temperature ref- prence . 
Tentative results ind ica te  that the  t e q e r a t u r e  pred ic t ions  made by Moulton 
i n  Rw-57383 a r e  very good. 
a t  an t ic ipa ted  powers w a s  500 F, which i s  only about X, F higher than the  
maximum predicted by Moulton. 
take was always a t  t h e  leading edge. 
occurred a t  the t r a i l i n g  edge. 
that the r ibs  do nct  g rea t ly  a f fec t  the convection heat t r a n s f e r .  
changing the  tube pos i t ion ,  the chaTge i n  heat transfer around the surface 
as a result of the ri?x could be observed. 
t ha t  t r e a t i n g  the  frrel element as a p l a i n  tu5e would be adeqaate f o r  the _I 

2lanned application 

Again, four temperatures a t  903 spacings were taken a t  four-inch 

Two of these tuSes were se lec ted  because they had the  highest  

The highest temperature recorded f o r  the Mark 11-b 

The high t e q e r a t u r e  loca t ion  on the Mark 11-b 

This e f f e c t  i s  predicted by theory assuming 
Generally, t he  lowest temperatures 

By 

This e f f e c t  was small enough -â *. ~ ~ 

4 0 3 b S  UNCLASSIFIED 



UNCLASSIFIED a- 29 HM-d>05 

The maximum temperatures i n  the 19-rod bundle occurred i n  the tubes on the  
t r a i l i n g  edge of t he  bundle. 
tures noted were about 375 F. 
wire wraps on the  f u e l  rod w a s  set a t  1/8 inch. Moulton i n  h i s  calculat ions 
assumed zero clearance between the  wire wraps and the  baffle and, as a re- 
sult, obtained temperatures about 100 F less than determined experimentally. 
It w a s  concluded t h a t  with these  low temperatures l i t t l e  d i f f i c u l t y  should 
be expected i n  cooling t h i s  f u e l  element. 

For prototypical powers, t he  maximum tempera- 
The clearance betveen the  baffles and the  

The p o s s i b i l i t y  of using a rad ia t ion  thermocouple a t  t h e  leading edge of 
the f u e l  element proved t o  be unsa t i s fac tory  with a p l a in  shielded couple 
s ince the  thermocouple temperature lagged t h e  surface temperature about 
300 F. 

Heat Transfer Charac te r i s t ics  of PRTR Fuel Elements. Fabrication w a s  corn- 
Dleted of fu l l  sca le  e l e c t r i c a l l y  heated mockups of t he  Mark I and I1 f u e l  
elements as w e l l  as a tes t  sec t ibn  t o  explore bo i l ing  burnout under PRTR 
operating conditions. 
i n  t he  High Pressure Heat Transfer Apparatus w a s  completed, and experi- 
mentation was i n i t i a t e d .  I n s t a l l a t i o n  of t h e  Mark I1 test  sect ion w a s  
s t a r t e d  i n  another p a r t  of t he  apparatus f o r  experimentation following 
work with the  subcooled burnout test  sec t ion .  

I n s t a l l a t i o n  of the subcooled burnout tes t  s e c t i o n .  

Mechanical Equipment Development 

Design T e s t  PR-1 - Discharge Operation Mockup. 
components required f o r  t e s t i n g  the operat ional  c h a r a c t e r i s t i c s  of t h e  
fue l ing  vehicle were prepared. 
i n  the  314 Building were received from CE&UO f o r  comments. 
Engineering i s  preparing an es t imate  f o r  i n s t a l l i n g  t h e  vehicle i n  the 
3 4  Building. 

Procedures and drawings of 

Two drawings f o r  i n s t a l l a t i o n  of the vehicle 
Construction 

Design T e s t  PR-10 - Primary Loop Mockup. Construction of the Single Tube 
Prototype Mockup, Phase 11, was completed. The PRTR primary process pump 
was operated a t  design conditions of lo50 p s i g  suction pressure and 480 F 
on May 25. Heat-up was e n t i r e l y  by t h e  pump and required about two hours 
of operation. 
gallon pe r  hour. 

I n i t i a l  leakage from the mechanical seal was less than 0.01 

Design Test PR-13 - In jec t ion  Pump Test. 
of 537 hours operation and has been inspected. 
acceptable wear. 
deep enough t o  increase the  wear on the  chevron rubber packing, which w a s  
almost completely worn out .  
of t h e  run f o r  the three plungers combined. 

Pump No. 2 completed the t e s t  run 

The cyl inders  are grooved less than one m i l ,  but perhaps 

The leakage rate was about 1/2 gph a t  t he  end 

The bearing inserts show 

Pump No. 1 has been returned t o  serv ice  using 440-C plungers and Hycar 
1002 chevron rubber packing. The I n i t i a l  l eak  rate i s  about 100 ml/hr 
(1/x> gph) . 
l e c t i o n  header t o  simulate d i r e c t  re turn  of t he  water t o  the suction of 
the  pump. 

A f ive p s i  backpressure i s  being maintained on the  l eak  col-  
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Design Test PR-14 - Gimballed Bellows Jo in t s .  
ginballed bellows j o i n t s  were ordered on April 29, 1959, from the  Pa r t s  
Engineering Company f o r  t e s t i n g  before use i n  the  PRTR primary piping. The 
8-inch j o i n t  was cancelled s ince the  j o i n t s  a r e  no longer t o  be used due t o  
piping redesign. 
cat ion and f o r  poss ib le  use i n  the  PRTR piping should unforeseen piping 
stress problems requi re  it la ter .  

One 14-inch and one 8-inch 

The 14-inch j o i n t  w i l l  be tested f o r  fu ture  reac tor  appl i -  

Design Test PR-X, - Calandria Charac te r i s t ics .  The Calandria Mockup was 
t e s t ed  a t  pulsing frequencies of nine cycles per  minute with no objection- 
able react ion.  The pulsing mechanism i s  being a l t e r e d  t o  provide f r e -  
quencies of 30, 60, 90, and 1x) cycles per minute. Instrumentation t o  
record the  l e v e l  va r i a t ion  i s  being provided. 

Design Test PR-40 - Shim Control Mockup. 
P r o t o t z e  I, w a s  operated f o r  210 cycles during May a t  20 inches per minute 

The bal l  screw shim control ,  

f o r  two rods and 13.4 inches per minute fo r  t he  s lave rod. 
cow being dis-assembled f o r  inspection. Tests were run a t  rod speeds of 20, 
30, 40, and 50 inches per minute w i t h  t o l e rab le  shaft whip. Prototype I1 i s  
now being developed. 
pe r  ninute .  
provide higher s t a r t i n g  and s t a l l i n g  torques. 
a r e  being t e s t ed  separately a t  500 R P M  i n  a 600 F sa tura ted  helium atmosphere. 

The assembly i s  

It w i l l  provide main rod speeds of 32.5 o r  51 inches 
Induction motors w i l l  replace the present hys te res i s  type t o  

The shim control  ba l l  bearings 

Design Test PR-50 - Reactor Piping Seal Testin&. 
tube Assembly "C" completed 3500 thermocycles of 530 t o  300 F a t  a pressure 

The f u l l y  prototype process 

of 1350 p s i  with only negl igible  leakzge on the  nozzle cap sea l  and t h e  
nozzle t o  process tube seal. The f i n a l  report  on PR-50 i s  out f o r  comment. 

Design Test PR-51 - Reactor Piping S t ruc tu ra l  In t eg r i ty .  Flexure cycling 
of t he  sho r t e s t  o u t l e t  jumper was terminated a f t e r  53,000 f lexure cycles a t  
simiiLated reac tor  conditions of 530 F and 1270 p s i .  No adverse conditions 
developed during t h i s  t e s t i n g  period. 
u t i l i z e  a prototype nozzle assembly complete w i t h  gas seals. A new nozzle 
hold-down device t o  replace the  ex i s t ing  tie-bars has been designed and i s  
being fabr ica ted .  

The mockup i s  being modified t o  

The f i n a l  repor t  on PR-51 i s  out f o r  comment. 

Zircaloy Tube Bursting. Two BDF Zircaloy process tubes were subjected t o  
bu r s t  t e s t i n g  by loca l ized  over-heating. 
fail;ure, both longi tudina l ly  and circumferent ia l ly ,  under tes t  conditions 
of 600 F and pressures of 2600 and 2700 p s i .  

These tes ts  resTdted i n  complete 

7. The Hofer high pressure com- 
pressor and frame has been ins ta l led  i n  t he  3l4 Building.' The Corblin low- 
pressure compressor i s  scheduled f o r  delivery t o  the  314 Building May 28. 

Inconel "X". 
welded end connection was stress relieved and p a r t i a l l y  heat t r ea t ed .  
has been operated a t  5000 p s i  and 1100 F f o r  126 hours. 
tubes are f u l l y  heat t r ea t ed  and w i l l  be t e s t ed  with the  use of compression 
f i t t i n g s  . 

A t e s t  p iece  of 3/8-inch ID, X ) - m i l  w a l l ,  Inconel "X" with 
It 

Six addi t iona l  
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Gas Loop Jumpers. 
been delivered. 
and t h e  convoluted gimbal j o i n t  a t  1500 F and 500 p s i .  

A 2-1/2 inch braided jumper w i t h  convoluted core has 
A.furnace i s  being prepared f o r  t e s t ing  the above jumper 

Reactor Technology Development 

Reactor Safeguards. The analysis  of possible  loss-of-coolant incidents 
i n  the PRTR being conducted by Battelle Memorial I n s t i t u t e  i s  e s sen t i a l ly  
complete. It has been found that loss of coolant through a la rge  rupture 
(14-inch equivalent diameter) of t he  primary coolant system should not 
result i n  fue l  element melting i f  the  water inject ion system functions as 
it i s  designed. Rupture of a process tube jumper, however, can produce a 
more serious s i t ua t ion  i n  process tubes other t h a n  the f a i l e d  tube. The 
fue l  element temperature in  an unfailed tube w i l l  r ise t o  higher l eve l s  
than in  the case of a l a rge  rupture before inject ion water can adequately 
cool the element. Preliminary analysis  indicates  t h a t  in jec t ion  water can 
prevent fue l  element melting. The d i f f i c u l t y  i n  cooling the fue l  elements 
i n  unfai led tubes a f t e r  a jumper rupture arises from the f a c t  that a l l  of 
the coolant flowing over the 84 fue l  elements i n  unfailed tubes must escape 
through t h e  rupture i n  one jumper. 

A study of the PRTR safe ty  c i r c u i t  l e d  t o  a recommendation t o  remove s i x  
t r i p s  from the  safe ty  c i r c u i t  and t o  provide only annunciation f o r  these 
abnormal conditions. The t r i p s  affected were: 

1. Low l e v e l  i n  Secondary Coolant Storage Tank 
2. Fai lure  of River Pumps 
3 .  Low pressure Steam Generator Feedwater 
4. Low l e v e l  i n  Feedwater Deaerator 
5.  Low flow of Secondary Coolant 
6. High pressure i n  Containment Building. 

It w a s  concluded t h a t  removal of these t r i p s  from the safe ty  c i r c u i t  would 
decrease the  number of spurious scrams and would not compromise the  safe ty  
of the  reactor .  

Process Tube Ruptures. 
May 21 and 22 t o  discuss t es t  work performed a t  that s i te  on process tube 

The AECL i n s t a l l a t i o n  a t  Chalk River was v i s i t e d  on 

ruptures.  The tests simulated tube failure a t  the expected operating 
pressure and temperature of t he  NPD-2 Reactor by mechanically weakening 
mocked-up steel process tubes. The eight  successful tests indicated no 
damage t o  adjacent shroud and process tubes i f  t he  tube failure was of the 
p l a s t i c  o r  duc t i l e  type a s  would probably occur by corrosion o r  wear mech- 
anisms. I n  no case w a s  the  shroud tube surrounding the  defected process 
tube extensively damaged. 
s ince the  shroud and process tube dimensions are p rac t i ca l ly  ident ica l  fo r  
the  two reactors .  

These results are d i r e c t l y  per t inent  t o  the PRTR 

Reactor Analogue Study. 
heat capacity, and thermal conductivity (along with appropriate parameters 
f o r  the  nuclear k ine t i c  equations) were selected and provided t o  members 
of t he  Instrument Research and Development Operation. 

Sui table  values f o r  t he  UOg Doppler coeff ic ient ,  

These data w i l l  be 
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used i n  a study of possible nuclear accidents f o r  inclusion i n  the  f i n a l  
PRI'R safeguards analysis  report  and f o r  establishment of appropriate 
nuclear instrumentation scram t r i p  points .  It i s  expected that t h i s  
study w i l l  be comple5ed by August 1, 1959. 

PRTR Physics Evaluation. 
neutron f lux  d is t r ibu t ion  calculat ions i n  support of t he  Plutonium Fuel 

Planning has been s t a r t ed  f o r  a series of 

I r rad ia t ion  Test Progrm. 
has j u s t  Seen coded f o r  the  BM-709. 

It i s  planned t o  use the P-3 subroutine which 

The sym5olic program deck and a writeup of the  FORTRAN version of Carlson's 
SIG reactor  code has been received fron Argcnne National Laboratory. 
compiling of t h i s  program on the  IBM-709 i s  complicated by the  f a c t  t h a t  
several  in2'J.t-output suyroutines are coded i n  SAP language. Detai ls  of 
the program a re  now being studied t o  f a c i l i t a t e  compiling. 

Re- 

lnvesslgations t o  determine the self-shielding propert ies  of plutonium 
f?lels imve been i n i t i a t e d "  Piis has included the  formulation of the 
prcblen and a su i ta3 le  m d e l  f o r  the Sasis of calc*ulation. It i s  expected 
t h a t  a compter  co5e will be wri t ten t o  solve general self-shielding prob- 
l e m  employing nonte-carlo methods of solution. 
are 3 e b g  considered, however. 

PRTR Insf rmentaf ion .  Three resis tance temperature detectors  were received 
from Ckaries Eneelhard I n c . >  a s  f i n a l  design Frototypes f o r  PRTR. 
brat ion checksj bake t e s t s ,  inslrlatioa checks and neutron i r rad ia t ion  tests 
have 3een completed. Tie res is tance temperat-ue detectors  have responded 
s a t i s f a c t o r i l y .  One of the  three connector and cable assemblies supplied 
w i t h  the  detectors  f a i l e d  a t  the connector a t  the end of a 90-how bake 
t e s t  a t  575 E'. 
i f lca5 icns  oniy a f t e r  9C hotlrs a t  575 F. 
i s  continuing 

&her calculat ional  methods 

C a l i -  

Insulat ion resis tance of t he  cable and connector met spec- 
Testing of connectors and cables 

DesLgn Development 

Phase I PRT3 Construction S ta tus .  
conpleted versus a scheduled 99.4$. 
of the  vessel  WBS s a t i s f a c t o r i l y  completea, and the  inside of the vessel 
was t w n e d  over t o  the  Phase 111 contractor on May 25, 1959. 
remaining uncompleted item i s  the  painting, which w a s  delayed due t o  the  
pa in t e r s '  s t r ike .  The contractor i s  scheduled t o  complete the  resaining 
Phase I work on June 9; however, t he  e f f ec t  of t he  pa in t e r s '  s t r i k e  may 
change t h i s  dated 

The Phase I PR'I7R eontractor i s  98.5% 
The pressure and leak  rate t e s t i n g  

The major 

Phase II PRTR Construction S ta tus .  
versus 108 scheduleh. 

The Phase I1 contractor i s  9 9  completed 
Acceptance t e s t i n g  on the  water c h i l l e r s  and a i r  

c o q r e s s o r s  was c o q l e t e d .  
ing of the  process water pumps was delayed due t o  a cracked casing on the 
#l process water p q q .  

Acceptance t e s t i n g  and p a r a l l e l  operation t e s t -  
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Phase IIA PRTR Construction Status .  The contractor i s  approximately 84$ 
completed versus lOC$ scheduled. 
pumps and evacuated the  excavation on May 27, 1959, whereupon the r i s i n g  
Columbia River flooded the  s i t e .  
below elevat ion 350. The contractor i s  backf i l l ing  the  excavation under 
water. 

The contractor removed the  dewatering 

Essent ia l ly  all concrete work i s  complete 

Testing of the  24-inch raw water l i n e  was attempted, but the  temporary l i n e  
supplied by the contractor was inadequate t o  hold the required t e s t  pressure.  

Phase I11 PRTR Construction S ta tus .  The contractor i s  continuing t o  submit 
de ta i led  approval information on equipment and fabricated i t e m s .  
t r a c t o r  s t a r t ed  preparing i n t e r i o r  containment vessel  surfaces f o r  the  prime 
coat of chemical r e s i s t a n t  pa in t  on May 25, 1959. 
a re  being prepared by ac id  etching. 
the  ce i l i ng  a t  -5 l e v e l  i n  the process c e l l  a r e  being prepared by sand 
b l a s t ing .  

The con- 

The walls of the c e l l s  
The f loo r s  a t  -32 and 0-0 l eve l s  and 

Process Pipinq. 
expansion loops and eliminate the  gimballed universal  j o i n t s .  
thermal expansion s t r e s ses  w i l l  be re l ieved by use of incl ined planes t o  
r a i s e  the steam generator as it expands away from the  reactor .  

The primary coolant piping design was revised t o  provide 
The ve r t i ca l  

Vendor drawings f o r  t he  sh ie ld  cooling system heat exchanger, EM-2, were 
received and approved with minor changes. 

Core Components. 
the Consolidated Western S tee l  Division, U. S. Stee l  Corporation. The 
bottom sh ie ld  gas sea l ,  a l s o  furnished by Consolidated Western, i s  due t o  
be shipped the  ea r ly  p a r t  of June. The f irst  attempt t o  f ab r i ca t e  the  gas 
sea l  was a f a i l u r e ,  and the  second has been completed except f o r  dye pene- 
t r a n t  inspection of the  welds and dimensional inspection. When the  bottom 
sh ie ld  gas s e a l  is  received, a l l  General E lec t r i c  procured items which a r e  
necessary t o  allow the  Phase I11 PRTR contractor t o  proceed with the i n -  
s t a l l a t i o n  of the  reac tor  s ide  b io logica l  sh ie ld  w i l l  be on hand. 
r i ng  header, the  other  item required, has been received. 

The moderator storage tank has been received on s i t e  from 

The i n l e t  

Fabrication of t he  calandria  and top and bottom primary sh ie lds  i s  pro- 
ceeding a t  a rate which indicates  completion by the scheduled date .  

Shielding. 
three eight-inch r e l i e f  passages through the  shield.  
sealed a t  the  outer  ends by rupture diaphragms. 
i s  t o  provide pressure r e l i e f  from the  reac tor  core should a process tube 
rupture.  
the moderator vessel  t o  allow pressure r e l i e f  should rupture of a process 
tube a l so  rupture the  aluminum shroud tube. 

The s ide  b io logica l  sh ie ld  drawings were revised t o  include 
These passages a r e  

The purpose of the  passages 

Two s imi la r  r e l i e f  openings a re  being provided from the inside of 

A possible  revis ion t o  allow the  Phase I11 contractor t o  i n s t a l l  a per- 
manent s t e e l  outer  s h e l l  on the  s ide b io logica l  sh ie ld  i s  being negotiated. 
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Instrumentation and Control. The PRTR f u e l  element rupture  detect ion 
system design c r i t e r i a  was approved. 
p a r t  of t he  system, including piping, shielding, supports, e t c . ,  w i l l  
be performed on s i te .  
instrumentation components i s  expected t o  be accomplished o f f - s i t e  on a 
fFxed p r i c e  basis. 

Detailed design of the mechanical 

The de ta i l ed  design and construction of the 

The Minneapolis-Honeywell s t r i k e ,  which began on March 12, ended on May 19. 
The de l ivery  cf the  PRTR automatic con t ro l l e r  and neutron sensing ins t ru-  
mentation i s  e-ected t o  be delayed aSout two months beyond the  o r ig ina l  
delivery date of June 30, 1959. 

Desigx Analysis. 
p i r Jhg  s t r e s s  analyses f o r  the PRTR pr-ary cooling system. 
reqrrest f o r  proposals i s  'teing prepared. 
during cooling of t he  PRTR p r h a r y  coolant has been extended t o  include 
other  considerations which co-dd interfere w i t h  convection cooling of t he  
reac tor  d z i n g  a t o t a l  power outage. 
ing revis ions and procedures which would minimize t h e  p o s s i b i l i t y  of l o s s  
of  cocvection cooling. 

Several firms have expressed i n t e r e s t  i n  performing 
A formal 

A study of helium evolution 

A l e t t e r  is  being prepared recommend- 

A comp!iting progran i s  being prepared f o r  calculat ion of flow, temperature, 
and ?ressine t ramients  i n  the PRTR primary cooling system following f a i l u r e  
of various devices and components. The primary goal of t h i s  study i s  t o  
deternine whether o r  n o t  addi t iona l  system overpressure protection i s  de- 
s i r a b l e  and, i f  so9 wnat the  s i z e  and response time of the pro tec t ion  
nechariiss should be.  

Supe rc r i t i ca l  Pressure Steam Loop. 
su9e rc r i t i ca l  pressure power reac tor  conceptual design has been completed 
acd i s  being prepared f o r  publ icat ion.  
for t h e  supe rc r i t i ca l  pressure steam loop was revised and completed. 
scope i s  based on t e s t i n g  f u e l  elements representative of a power reac tor  
having three-pass cooling with turb ine  i n l e t  conditions of about 3250 p s i  
and 1050 F. Further ana lys i s  w i l l  determine the adap tab i l i t y  of the loop 
for  sllperheated steam a t  e x i t  conditions of about 2400 p s i  and 1050 F. 
Preliminary s i z ing  of loop equipment has begun. 

A f i n a l  draft of a repor t  describing a 

The scope description (HW-60506) 
This 

Information co i lec ted  on Inconel-X ard poss ib le  a l t e r n a t e  materials f o r  
f u e l  element manifolds and connecting piping ind ica tes  t h a t  d i f f i c u l t y  
may be encomtered i n  faSr ica t ion  of the i n t r i c a t e  coolant passages i n  t h e  
f u e l  element assem5ly. Design da ta  are very l imited,  espec ia l ly  f o r  
a2preciable serv ice  l i f e .  
summarized as t h e  basis fo r  a development program i n  support of t h e  super- 
c r i t i c a l  pressure steam loop and the  high pressure gas loop. 

The ava i lab le  information and advice are being 

Process Tube Assembly. 
made t o  h p r o v e  seal d e t a i l s  and allow f o r  redesign of t h e  hold-downs. 

Minor rev is ions  t o  the  o u t l e t  nozzle design were 
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Fuel Element Examination F a c i l i t y .  
replacing the walls of the  p i t  f o r  the purpose of bringing them within 
dimensional spec i f ica t ions .  The c r i t i c a l  dimensions are being checked 
t o  determine t h a t  t h i s  has been accomplished. 

The Phase I contractor  has completed 

The W. F. & John Barnes Company has approved t h e  contract  f o r  t he  Primary 
Manipulator and has started t h e  de t a i l ed  design. 

Tests completed by t h e  Thermal Hydraulics Operation have substant ia ted 
the  heat  t r ans fe r  ca lcu la t ions  used t o  determine t h e  fue l  element cooling 
requirements. However, attempts t o  measure f u e l  element temperature with 
non-contact probes were not successful. 
problem has been planned. 

Further development work on the 

The de ta i l ed  design of the control  console f o r  t he  f u e l  examination 
f a c i l i t y  has been started. 
viewer and serv ices  controls ,  w i l l  be procured by GE while the  center  
sect ion,  containing the  m a n i p l a t o r  controls ,  w i l l  be provided by t h e  
manipulator manufacturer. 

The two outside sect ions,  which contain t h e  

Plutonium Fabrication P i l o t  P lan t  

Phase I1 Construction. 
a t  9s. 
of t h e  granted t o  Hoffhan by HOO-AEC. 
completed are mostly e l e c t r i c a l  and paint ing.  

Completion of work under Phase I1 i s  estimated 
Work was scheduled t o  be complete May 11, including the  extension 

Items of work remaining t o  be 

A design change, subs t i t u t ing  vinyl-asbestos t i l e  f o r  chemical r e s i s t a n t  
coating i n  t h e  low l e v e l  and service corr idors ,  has been submitted i n  
order t o  expedite completion of t he  job and minimize interference w i t h  
t h e  Phase I11 contractor .  
system and the  f i r e  alarm system i s  i n  progress. 

Acceptance t e s t i n g  of t h e  ven t i l a t ion  cont ro l  

Phase I11 Construction. 
i s  estimated a t  36&, as scheduled. The cont rac tor ’s  schedule, which shows 

Completion of work under t he  Phase I11 cont rac t  
- . _  

ac tua l  completion of most items of equipment l a te  i n  the  schedule, has 
been approved by HOO-AEC. 

A design change, subs t i t u t ing  v inyl  time f o r  chemical-resistant coating 
i n  t h e  main f l o o r  cor r idor ,  has been submitted t o  expedite t h e  completion 
of t h e  Phase I11 cont rac t ,  

Procurement. 
exception of hoods f o r  t h e  s i n t e r i n g  furnaces, design of which is  s t i l l  
incomplete, and the hooded extrusion press ,  being delayed a t  the  request 
of Purchasing u n t i l  controversy over an e a r l i e r  extrusion press  order i s  
s e t t l e d .  
cated by Minor Construction. 

A l l  pro jec t  procurement i s  e s s e n t i a l l y  on schedule with t h e  

Present plans are t o  have the  s in t e r ing  furnace hoods f a b r i -  
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PRTR Ozerations 

Pre-Starfa? Ac t iv i t i e s  
preparation of a t r a i n i c g  I)L^ogrm schedule f o r  ? R 3  engineering a s s i s t an t s ,  
greparat ioc of de ta i led  out l ines  f o r  a nmber of t he  t r a in ing  lec tures ,  
completion of a precess sanplicg prograa f o r  the  reac tor  operation, and 
disctlssion of reacfcr  oFeratIng data p x e s s i n g  plans with In te res ted  
research and deVelGFment gro:ps, 
of the  PRTR i s  m d e r  way t o  ao t i c ipa t e  the  areas where high l e v e l  radiat ion 
fields may be e r x o a t e r e d  during reactor  operation and maintenance ac t iv-  
i t i e s .  
maintename p a c e d z e s  and, where aGFroSrLate, f o r  addi t icna l  shielding OF 
other mhor  eq i ipner t  zhanees 

3 e s e  a c t i v i t i e s  a w i n g  the mcnth 'have included 

I n  addition, a study of each component 

These aralyses  w i l l  provide tbe  bases f o r  spezial  operatfog and 

Dssign infcnnatiort reviewei d-irirAg the noxth inclGded the  design of the 
sh-3 mds,  F a z e L i t  crinfs f c r  t.ke coctrol  room ard f o r  C c e l l  instrumenta- 
t l c c ,  and des',gr data f o r  the PXR zctor-atic con t r c l l e r .  
ccs t rac tor  ' s ;roc.xel~er? drawings coz%ir&xed 

Review of Phase I11 

Csnsk-xt ion and Procxrer:ent LLaiscn. A report  w a s  h s u e d  which describes 
the  %est ing of the  low and high pressure helium conpressors. 
F ~ ~ S S ' J T P  -uit was f o x d  t o  \E sa t i s fac tory ;  however, t.he high pressure 
mlt lacks reserve ca?acity ar,d v i i i  reqxire  a change i n  the  dr ive.  

The low 

- ,he pro:ess water ;-ass, i n s t a l l e d  a t  t h o  -1.2 f c o t  l eve l  of the  PRTR Service 
3- i$ ldhg ,  w4re t e s t e ?  >y the  Eanufazturero 
s e r s c x e l ,  i rd i za t e  t n a t  "h.Jztfng" of the  ptlm~s Frobably w i l l  not be a 
pro3lcx.. ?r-e t e s z s  -+re:? d i sco r t imed  wher. the lower Zasixg of one pump 
eracke2 b=lt will ?e res.med a f t e r  the pump i s  re2aired.  

The t e s t s ,  witnessed by PRTRO 

?he d iese l  engires  vhiah dr ive  the emergency generat.Gr and the  deeF W e l l  
pinu?, respectivEly, wcre prepare9 f o r  aecegtance t e s t ing .  
work t o  date,  a rod i f l ed  fuel feed system has been recomended. 

As a r e s u l t  of 

Assistazge was reEdere3 t o  Xh-30 during the  pre?aration and performance of 
the  contairme?_t vesse l  pressure ar.d leak  r a t e  t es t .  
e or% i n x  s 

Aralysfs of t he  da%a 

Irra?is?icn Program 

An evaluation w a s  made of then;oco?qles and heating elements received fo r  
tne swel1ir.g Sehavicr capsule. 
the  themocouples were radiograp5ed f o r  i n t e rna l  defects .  
heating elements d i q l a y e i  Earked disglacezent a t  t he  j o i n t  of the  i n t e r n a l  
l ead  wire and the  heating w i r e .  
2onstru:tion. T b e ,  t e rqera tdre ,  and power curves were run on two repre- 
sen ta t ive  heaters .  T'ne t e s t s  sncw t h a t  the heaters  a re  capable of handling 
only one-third the gower r e q i i r e 3  by the  capsule a t  maxbum operating 
teqera<u.re (&c irjo 
irzsldatior, a c t s  as a thermal b a r r i e r  f o r  rzpid t r ans fe r  of hea t )  and f a i l  

A l l  of t he  heating elements and half of 
Four of t h e  

These heaters  w i l l  not be used i n  capsule 

me heaters  were a l s o  s low i n  response ( t h e  magnesia 
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t o  meet t h e  requirements of t h e  capsule f o r  maintaining a steady tenperature 
i n  a rap id ly  changing f l u x  f i e l d  such as experienced a t  reac tor  shutdown. A 
capsule design must be developed t o  properly u t i l i z e  the  hea ters  as they are ;  
new hea ters  must be designed fo r  t he  higher temperatures and rap id  response 
time requirements. The thermocouples showed no obvious defects ;  however, a 
very marked increase i n  indicated temperature was observed on both couples 
a t  around 303 C (577 F) ,  which i s  t h e  temperature of the formation of the 
v o l a t i l e  oxide of t he  tantalum t i p s .  

A n  instrumented capsule has been designed f o r  t he  i r r ad ia t ion  of metallo- 
graphic specimens i n  the  ETR. Constant temperature of t h e  specimens w i l l  
be maintained by augmenting gamma and f i s s i o n  heating wi th  e l e c t r i c a l  heat- 
ing.  Two thermocouples a r e  provided t o  monitor t h e  temperature of t he  uran- 
i u m  specimen and the NaK adjacent t o  the specimen. 
such t h a t  unrestrained swelling can proceed t o  a 50 percent increase i n  
volume. 

The capsule design i s  

Two capsules from a t o t a l  of s ix ,  GEH-14, 33 through 38, have been d i s -  
charged from the  MTR. Each capsule contains a uranium p e l l e t ,  one-half inch 
i n  diameter by one-quarter inch high, which has been ca re fu l ly  characterized 
as t o  microstructure,  microhardness, x-ray d i f f r ac t ion  l i n e  breadth, density, 
and geometry. 
f l u x  in t ens i ty ,  burnup, and temperature of i r r ad ia t ion  on the  swelling and 
associated s t r u c t u r a l  changes i n  unrestrained uranium. Pos t - i r rad ia t ion  
examination of the i r r ad ia t ed  specimens will begin i n  Ju ly .  

The purpose of the i r r ad ia t ion  i s  t o  determine the  e f f e c t  of 

Simulated Swelling Experiments. An apparatus designed t o  cause simulated 
swelling by t h e  introduction of i n e r t  gas with an e l e c t r i c a l  glow discharge 
i s  being fabr ica ted .  The metal system i s  almost complete and the glass 
system f o r  evacuation and gas introduction i s  being designed. 
w i l l  be used t o  prepare uranium f o r  s tud ies  t o  determine cor re la t ions  
between pore s i z e s  and gross  dimensional changes, as well as inves t iga t ions  
of the mechanical proper t ies  a t  elevated temperatures of uranium containing 
i n e r t  gas pores. 

Uranium f o i l  was subjected t o  a glow discharge i n  xenon a t  850 C (1562 F). 
No change of t he  uranium density w a s  detected.  However, the e f f ic iency  of 
gas deposition may have been low due t o  incor rec t  experimental conditions. 

The apparatus 

Mechanisms and Theory. 

Diffusion of rare gas f i s s i o n  products through uranium may be important i n  
both t h e  rate of formation and t h e  rate of gas pressure increase i n  pores. 
Mobili t ies of these  gases i n  uranium are, therefore ,  being invest igated.  
In  t h e  present studies, rare gases are introduced i n t o  the uranium surface 
by means of e l e c t r i c a l  glow discharge ( sput te r ing) .  
gases i n t o  uranium by sput te r ing  may be a highly surface dependent phenomenon. 
Therefore, i n t e rac t ions  of rare gases and uranium surfaces a r e  now being 
studied. The uranium has been sput tered with helium a t  current  dens i t i e s  
of approximately 0.004 amp/cm2 f o r  times of 27 minutes t o  64 hours. Upon 
heat,ing the  uranium i n  vacuum, l a rge  quan t i t i e s  of helium were evolved from 
the surface.  

Introduction of rare 

The amount of helium evolved a t  a given temperature appeared 
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t o  be dependent on the  length of sput ter ing treatment p r i o r  t o  heating. 
A uranium surface was placed i n  contact with a helium atmosphere f o r  
16 hours without sputtering. 
from the  surface during subsequent heating. 

No detectable amount of helium w a s  evolved 

Optical and electron microscopy a r e  being used a s  a d i r ec t  means f o r  de- 
t ec t ing  the  s i ze  and d is t r ibu t ion  of pores i n  uranium. The investigation 
of  t he  possible d i s to r t ion  of pores a r i s ing  during the  specimen prepara- 
t ion  (polishing, etching, and rep l ica t ion)  i s  continuing. A rod specimen 
of uranium, which had been i r rad ia ted  t o  a burnup of 0.25 a/o a t  a maximum 
core temperature of 450 C (842 F) has been annealed f o r  100 hours a t  880 C 
(1616 F) . After i r rad ia t ion ,  the density of the rod spechen  clad with 
0.030 inch of Zircaloy-2 had decreased 1 .6  percent. 
specimen after removing the  cladding caused the  density t o  decrease 6.4 
percent ?or a t o t a l  densi ty  change of 7.8 percent. Attempts a t  correlat ing 
the  density changes i n  the  uranium with the density changes calculated from 
a s t a t i s t i c a l  analysis  of the  microscopic pores i n  the  uran tm are current ly  
i n  progress. 

Annealing of the  

3. I-AS COGLED POWER REACTQR PROGRAM 

Graphite Studies 

PRTR Pressurized Gas-Cooled Loop F a c i l i t y  (CAH-822). 
Laop Project  Proposal has been approved, increasing the  estimated cost  of 
the  pro jec t  t o  $995,000. 
loop f r m  1100 F t o  1500 F. 
have been received and are  now being evaluated. 
3r is tol-Siddeley of England, with a b id  of about $45,000. 

Revision 1 of the  Gas 

The revision increases maximum temperature of the 
Bids f o r  the gas-lubricated primary blowers 

Apparent low bidder i s  

The b id  opening date f o r  the  main design-and-fabrication contract  f o r  gas 
locp equipment has been set a t  June 1 5 .  Because of the complexity of the 
job and the  i n t e r e s t  shown by bidders, a pre-bid conference has been scheduled 
f o r  Jane 4.  

A program i s  being formulated f o r  invest igat ion of "super-alloy" type metals 
t o  determine the  most su i tab le  a l loys  f o r  use i n  high temperature portions 
of the loop f o r  both in-reactor  and ex-reactor port ions.  
commxnity of i n t e re s t ,  t h i s  e f f o r t  i s  being underthkenv- on j o i n t  behalf of 
the  gas loop and the  supercr i t ica l  pressure loop. 

Because of a 

1r:-Reactor Capsule Tests.  The f i rs t  in-reactor  tes t  t o  help e s t ab l i sh  the  
range of var iables  f o r  the  gas loop tests was charged i n t o  KE Reactor. 
consisted of four quartz capsules containing graphite i n  carbon dioxide a t  
XX;, 300, 400, and 500 p s i  at 500 C.  P r io r  t o  inser t ion  the  samples were 
degassed, weighed, and measurements of surface area and dime3sions were de- 
termined. Following i r r ad ia t ion  a t  500 t o  600 C f o r  s i x  t o  e ight  months, 
the gas compositior. and changes i n  propert ies  of t he  graphite w i l l  be de- 
termined. These t e s t s  w i l l  provide information on: (1) the  in-reactor 
equilibrium gas concentrations of t he  reaction, C02 + C = XO, and (2) the 
e f f e c t  of press-ure on the  reaction r a t e .  

This 
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Coated and Impermeable Graphites. I n  coating graphites,  special  base 
materials are nomal ly  required t o  a t ta in  crack-free surfaces.  A high 
pur i ty ,  reactor  grade graphite,  TSGBF, costed with s i l i con  carbide by 
Carborundum Company has recent ly  performed s a t i s f a c t o r i l y  i n  oxidation 
tests, los ing  no weight i n  113 hours a t  1000 C i n  a i r .  

About t h i r t y  coated samples, some of which s a t i s f a c t o r i l y  passed pre- 
i r r ad ia t ion  oxidation tes ts  have been charged in to  KE Reactor. 
e f f ec t s  of high temperature reactor  i r r ad ia t ion  w i l l  be determined on 
permeability, oxidation resis tance,  and other propert ies  a s  described 
i n  HW-60397, "Investigation of Carbide Coated Graphites f o r  Reactor 
Applications." 

The 

Microwave Glow Discharge Studies.  
i n  a quartz system f o r  the production of ac t ive  gas molecules i n  gas- 
graphite s tudies  were unsuccessful u n t i l  repeated cleaning of the  quartz 
surfaces w i t h  hydrofluoric acid was car r ied  out.  The system w a s  flamed 
out during assembly t o  remove water vapor. I n  a i r  a t  about 10-3 mm Hg 
a glow was i n i t i a t e d  with a Tesla c o i l  and maintained by microwave glow 
discharge. The discharge zone narrows with increasing pressure and i s  
f i n a l l y  extinguished before atmospheric pressure i s  reached. A t  low 
pressures the  discharge can be maintained a t  a power a s  low as 50 watts 
a t  2450 megacycles. 
successfully.  The type A (round r e f l ec to r )  gives a l a rge r ,  cooler d i s -  
charge than type C (corner r e f l e c t o r  dipole)  but  appears quant i ta t ively 
t o  produce about the same number of oxygen atoms. In a i r ,  the  character-  
i s t i c  red glow of oxygen is  seen i n  the  discharge, t he  greenish-white 
"afterflow'l i s  found downstream, indicat ing the  presence of oxygen atoms 
by the  reaction NO + Q,-> NO2 + h v .  I n  C02, the  discharge i s  
blue-white, and once again the  afterglow i s  greenish-white. For the  gas- 
graphite s tud ies  t h e  number of oxygen atoms formed will be determined 
quant i ta t ive ly  by " t i t r a t i o n "  i n  the gas phase with N02. 

Gamma I r r ad ia t ion  Fac i l i t x .  
f a c i l i t y  f o r  s tudies  of gamma radiat ion e f f e c t s  on the  r a t e  of reaction 
of various gases with graphite is  continuing. A 7-foot diameter s t a in l e s s  
steel  tank w a s  placed on a 20-inch concrete base located 13 feet below f loor  
l e v e l  i n  the  Graphite Laboratories of 3730 Building. 
r e s t r a in ing  w a l l ,  t he  tank w i l l  be f i l l e d  w i t h  water in  preparation f o r  
rece ip t  of the cobalt-60. 
Ju ly  1. 

Attempts t o  e s t ab l i sh  a glow discharge 

Raytheon d i rec tors  of type A and type C were used 

Construction of the cobalt-60 i r r ad ia t ion  

After erect ion of the 

Construction i s  scheduled f o r  completion by 

Fabrication of the underwater assembly t o  hold the  cobalt  i n  t he  desired 
configuration w a s  started. Gamma i r r ad ia t ions  w i l l  be performed i n  four 
2-inch diameter tubes extending from above the water down t o  the v i c i n i t y  
of the cobal t  rods. 

The source w i l l  be ca l ibra ted  by chemical dosimeters using ferrous and 
ce r i c  sulfates. An aqueous solut ion of ferrous ions i s  oxidized t o  
f e r r i c  ions when subgected t o  ionizing radiat ion.  Ionization chambers 
w i l l  a l so  be used t o  measure dose rates a t  various dis tances  from the  
source. After ca l ibra t ion  of the  f a c i l i t y  i s  completed, graphite oxidation 
experiments w i l l  begin. 

UNCLASS IFlED 
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D. C'JSTOMER WORK 

Radiometallurgical Examinations 

Xot Pressed Uranium Wafer Element, PT-IP-134-A (RM-245). 
alui inum a l l o y  jacketed, hot press  ctinned, 1.q enriched, wafered uranium I &:E 
fue l  element was i r r ad ia t ed  t o  low exposure a t  high power. 

A 1.8-inch OD, A-2 

Dxing  the  month a second cross-sectioned wafer w a s  examined metallographically. 
T'nere was no sign of any defect  i n  t he  nickel  coating which would indicate  
al-minu-uranium di f fus ion  which might have resu l ted  from the  canning technique. 
The nickel  bonding, o r  cost ing layer ,  exhibited three  f a i r l y  w e l l  defined 
"co~po-md zones". 
a b m t  1/8 t he  thickness of the  t o t a l  nickel  l aye r .  
t h e  wnether such 'Izoces" were present p r i o r  t o  i r r ad ia t ion .  

The zones nearest t h e  ilranium and the  aluminum can w a l l  a r e  
It i s  not known a t  t h i s  

RM-298 - Examination of K-388 Fai lure  2765~, and RM-299 - Examination of M-388 
Fai lure  51L8 KE. Examination of t h e  ruptured f u e l  elements from Tube 2765B and 
5i48 I(E showed t h a t  they had f a i l e d  i n  t h e  inner sp i re .  The rupture from Tube 
2765B w a s  3/8" from the  male end, compared with a pos i t ion  1-7/8" from t h e  male 
end i n  the  5148 KE f u e l  element. A technique employing a red penetrating dye 
was used t o  ve r i fy  the  point  of water entry.  In  both cases it was d e f i n i t e l y  
sko-z  tha? t h e  water entered a t  t he  male weld through cracks o r  p in  holes 
associated with or  near t he  terminal weld c ra t e r .  A piece of the  outer  can 
w s l l  was removed from the  f u e l  element from 5148 KE t o  determine whether any 
corrosion occurred a t  a quest iomble spot on the  s ide  of t he  element. This 
2oortios of t he  examination has not been completed. 

Exarfcation of X - 8 0 0 1  Clad I & E Fuel Elexent from Tube 2762~ (RM-303). 
fns2e:tion of discharged f u e l  e lenents  f ron  Tube 27621) revealed t h a t  several  
fuel elements had been severely corroded. One se lec ted  f u e l  element, c lad 
wlth X - 8 0 0 1  aluminum a l loy ,  was received f o r  de t a i l ed  examination. Erosion- 
corrosion e f f e c t s  were observed over 900 of the  f u e l  element circumference 
along the  topside of t h e  f u e l  element. 
;?=.ogress en a cross  sect ion of t h e  f u e l  element which showed t h a t  corrosion 
had penetrated through t h e  can w a l l  through t h e  AlSi and into,  but not through, 
tke  compound l aye r .  

An 

Microscopic examination i s  now i n  

Exanination of Warped and Unwarped O I I N  Natural Uranium Fuel Elements From 
105-H (RM-296). 
0,625 inch loca ted  3-l/2 inches from the  base end. 
photographed i n  t h e  as-rezeived condition. 
t h e  maximm warped area was polished and electrochemically etched. 
micrographs reveal  a l a r g e r  than normal grain s t ruc tu re .  

The warped, bumpy fuel element exhibited a maximum warp of 
Both f u e l  elements were 

A metallography sample taken from 
The photo- 

Metallography Laboratories 

An attempt t o  iden t i fy  t h e  most b r i t t l e  of t h e  l aye r s  formed between uranium 
and AlSi i s  now being made. Selected cu t s  from two s lugs,  which proved l a t e r  
t o  Se almost i dea l ly  b r i t t l e ,  were mounted as metallographic samples. ThesP 
two s m p l e s  were polished i n  a plane tangent ia l  t o  t h e  outs ide surface of t he  
urani1.m. Thfs technique resu l ted  i n  an exposed l aye r  of t he  b r f t t l e  mater ia l  
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which was mechanically magnified between x) and 50 times. 
would provide a sample o r  samples which had su f f i c i en t ly  la rge  areas  of t he  
b r i t t l e  compound exposed f o r  x-ray analysis  by back-reflection techniques. 
These two samples have been submitted f o r  x-ray study. 

It was hoped t h i s  

A Wilson Tukon Hardness Tester (microhardness tester)  has been placed i n  
service i n  the 306 Building Laboratory. 
against  a similar one i n  the  326 Building Laboratory. 
found t o  check c loser  than  the  normal s c a t t e r  of hardness values, and the new 
un i t  is  now ready f o r  service.  
and placed i n  service i n  the  306 Building Laboratory t o  r e l i eve  a bottleneck i n  
the  microscopic examination of samples. 

This un i t  has been t e s t ed  and checked 
The two un i t s  were 

A second bench microscope has a l s o  been obtained 

Samples Processed During the  Month 

Total  samples Processed: 200 

Photographs 

Micrographs 440 
Mac ro  grap hs 47 

Total  487 

- 

Manager, Reactor and Fuels Research 
and Development 

FW A1baugh:kb 
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PHYSICS AI!! INSTFUMENT RESEARCH AND DEVELCPMENT OPERATION 

MONTHLY REPORT 

MAY 1959 

FISSIONABLE MATERIALS - 2903 PFXRAM 

N x l e a r  Ssfety ir- the F ~ e l s  PreFarati.cn Department 

A study vas nade ?t the  nLclear sa fe ty  i n  the manufacture, stcrage,  and skipnefit 
of 136 ycrzent U-335 ecricbed f z e l  elements fr;m b i l l e t s .  The var iables  i n -  
veezigafed vere described is the  April Mxt9l.y Report (HW-60233). 
cf  hie st iay a r e  being tmcsmitned t o  FFD i n  6cjcumect HW-60509, "Coextrusiofi 
sf EnrZeke3 Uraniuro (Nuclear Safety)" by P. F. Gast. 

The res=lits 

STUDiES TCFXTED TO PFESENT PFCD'XTION mACTORS 

Latt3fce Pe-;t-rcr, IExperat?rre Sv-idy 

A repcrt describing %)\e recefitly cmple ted  Etudy i s  being prepared fcr publica- 
- e o n  I 

D-emLdL B e l J t r x  Flu Spestnur: Fear a Temperature Disc2ntinuit.y 

A. Tnczru 

The E M  709 F!2RE!AF pngraxr: tf. cbtain numerical r e s u l t s  f o r  t h i s  problem 
kas bee- teb:xqed a d  checked on a nlillker of eases. 
t h i a  p ~ " z r z r  i s  IIYJ beicg wri t ten.  

A report  t o  describe 

An a~aL-flf:al inves t iga t ion  was begui GL the  s l i g h t l y  more general prablem 
=f f lx pers-cc3fr~ e f f e c t s  ca the  nectran f l u  spectruin due tz a net  neutron 
f i 2 W  acr3Ss a pL&?e temperaswe irizerface. 
rb.at mslytid. arAd wtnerical  mettods previously used i n  the  case cf zerc 
net cxrrent a r e  applicable i n  t 3 f a  case aiso.  

Results Gbtained 6 0  far sk3w 

E .  Ex-gerimert 

r &r- c r i e r  50 es t ab l i sh  the r e l i a b i l i t y  of the  resdts  of these analyses, 
+,est5 cr' the  aFFli:abilfty of the plaxe d i f fus ion  node1 used i n  the analyses 
a r e  cc;r?aidered t3 be nec5ssary. 
3eec nade and has y5elded a negative r e s d t .  
gress  ai: pres€&. and nc indieat i2n of the resuit is avai lable .  

'Em t e a t s  a r e  possible.  The f i r s t  has 
The seecnd t e s t  i s  i n  pro- 

1 . 2 4 0 3 8  b 
r. 
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Ine%rmentafi  3~? 

The s t ack  effluefit gas mocitor, used fc? investigation of stack gas gamma 
energies, was moved frcm the 100-D t o  the 100-F stack house. 
of l i n e  voltage t ransients  were thus eliminated and, since the 100-F stack 
house is several times la rger  +,ha= the i00-D stack hmse, the temperature prob- 
lems should be al leviated.  The gamma energy s p e c t m  a t  100-F was determined 
t o  be similar t r ,  that a t  100-D. None of the spectrum analyses data, t o  date, 
have shmm m v  clear ly  discernible peaka. A t  preserrt, the system is set, t o  count 
the 364 Kev 1131 photopeak. 
cerning the magnitude ircrease of 1131 during % h i s  cocdition. 

Preblems because 

A slug r,ipf,ure should give some valuable data con- 

The twc-c&or pyrometer crdered fro= Skiaw k s t r m e n t  Coqany waf received. 
most sui table  ta rge t  available t o  t e s t  it on vas a tungsten ribbon filament 
lamp. 
the arert-iire ;f The S h m t e r .  The ii2sfrmr% performed ve i l .  Attem-pts were 
mde rsc extegd +,he mxge of the i s s t m e r t .  fo fnclude both lower and higher 
temperatares. A s  rer,eived, the Shawmeter ccvers t h e  rang5 100C°C t o  25OOOC. The 
ase of a Coming 3te6 f i l t e r  FerrrSts exteoiiing the temperature range t o  a t  l e a s t  
30rJQCC a d  prcbably m c h  higher. 
be-or iOO03C b a ~ e  thus f a r  been -msucceEsf.cLL although it seems l ike ly  that this 
can be accmpiished. 

m e  

An axxi l iary l e r ,  was -sed t o  magnify the filament suff ic ient ly  t o  fill 

A5tempts t o  extend the range t o  temperatures 

The m r e  readout regis+,er d r i y r e  m d  inZlibit drives fcr the simple computer have 
beer. irist,alled an a sewraze chassis along v i t k  the readoQt regis ter .  This uni t  
is underqcing %esfs t o  deternice i t s  effeztivecess and work is beginr,ing on out- 
put logic asd display. 

Cossultatizn was gi-rer. ts the Instrumezt Design Operaticn concerr,ing a six-point 
reccraed s ix-safnt iLat ioL head rencte area se in t i l i a t i cn  gamma monitoring system. 
It will be usea ar, Arcs, Ida3c. It is tc be a l i nea r  decaded system useful from 
10 mr/k.;r up t c  100 r/hre 
us and reported i n  ~~-59334. 

The system is basical ly  tha t  developed and tes ted by 

Lattice Measllrertiects f x  Large Diameter Fuel Elemects 

The ser ies  3f material bucklfxig measurements on l a t t i c e s  using 2.5-inch S G l i 6  
f i e 1  elements has been compkfad this mlztfi. 
buciriing has not been reportee is giver; below. 

The oce l a t t i z e  whose f i n a l  

Side t o  
S i  de Volume Ratios Euckling 

Lattice Spacirig ~ n ; ' ~ )  A ( a c h e s )  A l / U  HpO/U C/U 

14 9/16 dry + 98 1.39 0.185 -- 41.58 

The ext;rapola%ion length is denoted by I( . 
1.03 inches. 
dependent measirrements. 
p r d u c i b i l i t y  in buc'kling ineasuremems. 

The f ron t - to - r ea r4  used was 
The bucklicg reporte5 fo r th i s  l a t t i c e  is an average of two i n -  

These two meas7;irerce~ts were taken t o  determine the re- 
The resu l t s  were: 



B-3 

130 t 2  

96 

The AB2 i s  a stamlard deviatior, derived from a "goodness of f i t "  of the data 
and does not include uncertainties i n  the extrapolation length. 

The followird material bucklings f o r  1.92-inch so l id  and 2.5-inch tube and 
tube fue l  elemects have beer, measured this month: 

Fuel 
Element 

Lat t ice  
Spacing 

Buckling 

Al/U H?O/U C/U 

51 31 1.92 12 ?/a wet + 40 0,264 0.2E 

35.60 0.264 0.288 1.92 i o  318 ve t  t 68 

2.5 x 2.C with 14  9/16 wet -120 0.487 1.089 68.48 
1.66 x 1.1 

These buckling values are  tentat ive using ar; e s t i m t e d  side extrapolaticn length 
of 1.66 inches ar,d a front-to-rear extrapolation length of 1.03 inches. 
bucklings will be repor+,ed a f t e r  completing the analysis of horizontal traverses. 

Final 

The delay i n  analyzicg the hcrizontal traverses is due mainly t o  the large number 
of hand ca l cu la t ims  r e q d r e d  tc prepare the data for the IBM-709. 
horizontal tra-Terse program i s  now being written. 
should reduce the hand calc-cllations powrequired 'try a t  l e a s t  a factor  of tvo. 

A complete 
This program, when completed, 

A high value of h for  the 2.5-inch element i n  the 12  3/8-inch l a t t i c e  reparted 
last  month prompted a closer look at the methods of taking horizontal traverses. 
There is a pass ib i i i ty  tl?m trsversee taken a t  different  points i n  the c e l l  may 
give different measued vai-les of A Traverses have sometimes been takeE i n  
tube rows halfway betveei the tubes and sonetimes i n  f i l l e r  layers h5lfway t e -  
tween the tubes or  at, the corners of each ce l l .  This technique provides only 
one p o i t t  for  each process tube, wnich is not as many data points a s  might be 
desired for a good f i t  tc the  cosine horizontal flux variation. 
number of points available, oce of the traverses with 1.92-inch elements was 
taken a t  points displaced t o  e i ther  side of the l i n e  connecting fuelelements, 
so that two points per tube could be measured without f ine  structure correc- 
t ions .  
cated t h a t  the best place t o  take the traverse is a t  the points on the c e l l  edge 
where the flux i s  the same a s  the flux at  the edge of the equivalent cylindrical  
ce l l .  
f i l l e r  layers  i f  the l a t t i c e  spacing i s  large enough for  neutrons t o  diffuse 
out of the p i l e  without interact ing with the fuel.  
l ed  t o  a study of A taken a t  several positions i n  the c e l l  which is now i n  
progress. 
nate e f fec ts  of Gther variables. 

To double the 

Then the work of Selerqpt on heterogeneous diffusion coefficients indi-  

This work a l so  indicated the poss ib i l i ty  of horizontal streaming i n  the 

These considerations have 

Several different  traverses w i l l  be taken i n  the same p i l e  t o  elinii- 
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The cx-pepixient w5+k @.925-ixh diamehr2 l.OC7q6 enriched - u w i u z n  rcda was in te r -  
rupted 8nd pssC,pmed bezaise cf ~eli l-f 'ai lures cf many of the aluminum- jacketed 
rodse The 9lel piezes h&vc beer. rejacketed acii satLsfactorily tested. 

A piece c?f E L S i  mire qrspZte (0.155 x 0.5 x 0.5 in.) was i r radiated para l le l  
50 the ex-trsi!;zz directior. e t > h  50 microamperes of 1.5 Mev electrons. 
r a t e  fr- tzzc beamJ sss-mirig 0.3 CIL b a a  diameter, was p e a t e r  than 19 rad/hr. 
Durf~g az fl;i"uaL 10 m k ~ t ~ c  m.> %he heating of' t3e sample was enough t c  melt 
a sfyrzf~m suppcrt. 
ckmge maswernec3a were inrp.,Ssibic., 
frm a t e q e r a r , y n  m e s l i z g  stadpcfct, 66. te-rature baths will be needed i n  
f x m e  tesC,s. 

The dose 

Th2 melted plastic scakeb i c t o  the sample EO length 
Sanple heating ell be extremely impor ta t  

Test6 99 electro3 Van de G r a a f f  cqera-kion at 100 mfcroaroperes, the l i m i t  s e t  
by exit  -xb&w hsti-, shcwed that operatioc was stable a d  that personnel 
&se ratps were acceptably iow. There was some interference with instrument 
de::or%ninatLor activities ir; the Calibra,tiocs B u i l d i n g .  

The s t a b i l i t y  6f *he ca3crfmetric syetern isaill being checked. 

The pre:iimizary pkysi3s @ . a m i E g  ieadlng 33 the scope-design for  the FWl Scale 
PCTEa is i~ progress. 
crf smalll so-mce theory t o  Efl Scale PCTR experiments, par t icular ly  i n  reference 
t o  the &etemLr&tim of moderator t e q e r a t u r e  coefficients. 

A brief  stady is being made of the possible ap-glication 
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Intercalibra%ion of Graphite Purity 

Approval has been received from the AEC t o  carry out an exchange of graphite 
samples with Dr. K. H. Beckurts, Kernreaktor, Karlsruhe, Germany. 

Computational Programs ar,d Services 

Several para l le l  runs usicg the 709 Exponential Data program and the 702 Buck- 
l i n g  program which it i s  replacing have been made with good results. A report, 
HW-60388, has been issued describing the new program and giving instructions for  
i t s  use. The P-3 submutine f o r  the IPD l a t t i c e  parameter calculation program 
i s  working. A master progran permitting independent use of this P-3 program 
has a l s o  been wri t ten and put i n  operation. A report on t h i s  program i s  now 
being written. The Cofit  program, t o  be used i n  conjuriction wlth the Exponen- 
t i a l  Data Program, i s  ic i t s  preliminary stages. 
progrm t o  calculate incomplete ganana functicns. 

A Program f o r  Analyzing PCTR Data 

After an info- meeting of physicists interested i n  PCTR experiments, a 
decision was made t o  incorporate the fo l lowir -  in the APDAC (a PCTR Data Analysis 
Code) spezifications : 

Work has a lso  begun on a 

1. Computation of P . ~  'E anti the  i n i t i a l  conversion r a t i o  from f o i l  ac t iv i t i e s .  

2. Computation of the adjoint f'unction mismatch using measured danger co- 
e f f ic ien ts .  

3. An anayais  of data taker, with several buffer configurations t o  determine 
the ef fec t  upon the inferred value of due t o  flux spectrum mismatch. 

Descriptions of the above, together with a simplified flow chart for  the code, 
are  being typed and will be circulated shortly. A proposed method f o r  averag- 
ing fluxes will a l s o  be circulated i n  the near future. 

A detailed f l o w  chart  has been started. 

Multi-thermal-neutron-group-diffusion Program 

Tne Fn FORTRAN deck has been requested from ANPD. deck w a s  
received and i s  being cmpared with the Hanford copy. 
t e l l  us w h a t  has been causing the d i f f i c u l t i e s  encountered i n  t rying t o  make 
the program operative. 3'3 will not be modified t o  handle two thermal groxps 
u n t i l  the s ta tus  of Fn i s  determined. 

A copy of the F 
This compar 2 son shvdld 

A multigroup program writ ten a t  UCRL, Livermore, holds the promise of being 
very useful. 
neutrons. 
been requested. 

ZOOM w i l l  handle up t o  80 groups, all of which may contsin thermal 
It has been recoded, a t  UCRL, fo r  the 709 and a copy of the deck has 

c 
*, 

I Z h O 3 q O  
. I .i. . -. 
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C r i t i c a l  Hazard Spcc i f i ca t ims  

Ridclear Safety i n  Hasford Laboratories 

A t  t3e request of the P la tordm Metallurgy Operation the nuclear sa fe ty  of a 
proposed modificatian t o  a PJ melting furnace was investigated.  
MgO melting crucible  was i n se r t ed  in a 2 3/8-inch I.D. graphi te  induction ~ L W -  
nace. 
replaced by tar~taiun: c r x f b l e s  s l i g h t l y  less than 2 inches I.D. by 2 3/32 inches 
O.D. 
by a s-er one (2  l/6 ilzches I.D.) that makes a better f i t  with the  tantalum 
z r w i 3 l e s .  lki3 change will not allow the  tantalum crucibles  t o  bulge (during 
heating) wkiich would e f fec t ive ly  result i n  a crucible  of l a rge r  diameter. 
If this new gr6phife fwnaea i s  no grea ter  than one-imh i r z  thickness, the 
€resec t  zperating rimis ~f 6.4 Q PU c m  be retained. 

The or ig ina l  

This graphite i s  about one-inch thick,  The MgO crucibles  a re  t o  be 

It i s  recornended tha$ $he 2 3/8-inch I.D. graphi te  furnace be replaced 

A t  the  r q u e a t  cf CPD a study vas made of the nuclear sa fe ty  i n  the  storage of 
PU metal, cxLie or f l u m i d e  pQwder, s l ag  and crucible  material, and solut ions 
ir, a s ingle  array.  Tke study was ccmpleted and the c r i t e r i a  f o r  nuclear safety 
of sxi; aTr a r r ay  given tx CPD. 

Qff-si%e Meetings Pertaining t o  Nuclear Safety 

of f -8 i te  meet i r i s  on the subject of nuclear s a fe ty  were attended during 
%y; these a r e  described as fcl lovs:  

Two days' sessicos were attended of a f ive -da j  meeting held at  Savannah River 
0x1 m y  25-26. This meeting was held under the  U. S.-ZMted KLngdom exchange 
prJgram E d  was attended by representativeE from Hanford and Savannah River. 
The plrpose of the meetixg was fcr  discussion of nuclear safety,  design, and 
plan3 operstfon i n  chemizd pmcessing. 

The second meeting attended vas held by the  Division of Licensing and Regula- 
t i o m ,  WasMngtoc AEC. It was held t o  discuss nuclear safety problems i n  the 
shipment of irradiated power reac tor  fuels. In addi t ion t o  discussing methods 
for  ca lcu la t ing  c r i + , i c a l i t y  parameters, bases were establ ished fcr the drawing 
up 3f r e g L a t i o n s  f o r  shipping power reac tor  fuels. 

Analysis of a Possible Nuclear Incident i n  a Dissolver 

The Redox Plant  i s  cur ren t ly  processing 2" Metal fuel elements i r r ad ia t ed  i n  
the Hanford Produc+,iol; Reactors. 
e f fec t ive  0.98 WC,. $ U-235 enrichment. 
of irradiated fuel element is less than the capazity of the present Redox 
dissolvers .  
the  material. 

These irradiated fuel elements have an 
The minimum c r i t i c a l  mass f o r  this type 

Consequently, nuclear sa fe ty  i s  dependent on batch processing of 

Since nuclear s a fe ty  i s  dependent on operational procedures, the p o s s i b i l i t y  
of a c r i t i c a l i t y  incident. i s  not inconceivable and must be considered. For 

1 2 4 0 3 9 1  
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tizese reasom a st -dy Pas  beer; initiated a d  i s  being ca r r i ed  out f o r  the Chemi- 
ca;L m e s s i n g  D=partrnerrh te estimate the worst possible ccnsequences of 821 
incident  of the  maximm credible  r w t u d e .  

Plutoniux C r i t i c a l  Mass Faz i l i fy  

Bids f o r  the constructioa phase of  the C r i t i c a l  Mass Laboratory were opened 
May 19. of e ight  bi5s received, the lowest, f o r  a sum o f  $442,025, was sub- 
mitted by the Howard S. Wright Company of Sea t t le .  
accepted and a coc t rac t  f o r  cons t r jc t ion  was signed May 25. 
will have 335 days i n  which t o  cmple t e  construction a f t e r  not ice  t o  groceed 
i s  givec. This not ice  i s  expected within a week. 
received, reviewed, and pmckrase a u t h r i z e d  en G. E. engineered and supplied 
e q ~ p m e n t  f o r  i c s t a 3 l a t i o c  by the cmt rac to r .  

After review this bid was 
The contractor 

Ir, addition, bids are being 

During the  mocth wc,-iC has been dote m establishing the  cocfiguration and c r i -  
t e r i a  fo r  reac tor  assenhlies,  part;ieula&y the con tmi  md safe ty  rod mechanisms. 
Design h a  been ir,itia+,ed 312 the in-heod eguipmmt. 

C r i t i c a l i t y  Studies ir,  Supporf of Processing Power Reactor Fuels 

Experiments vith Hetercgene3T. Sys%eins 

Ths s e r i e s  of experiments for  Lhe evaluation of the extrapolat ion length fo r  
water r e f l ec t ed  heterogerems systems was coxitimed. These experiments were 
made with the 3.063 perce5t enriched uranim rods, O.3c)Cl inch diameter and 
loaded i n t a  pias5fi: tx&s t o  a length of 32 icehe&. 
a f u l l  critics?. spprcacfi exp%-imen% was ca r r i ed  up t G  96 percent of the c r i t i c a l  
rnass a t  t h i s  la55ice height.  
of the c r i t i x l  mass, h o r i z m + A  neutron f lux  t raverses  were made both with 
gold f c i l s  witkdz the  fkei rods and wltk BF p r o p r t i o n a l  counters between the 
f u e i  rode. Cadmim r a t i o s  were measured wl 2 h the  gold f o i l s  t o  determine the 
r eg im where the f i u  spectrim was unaffected by the r e f l ec to r .  
was l i m i t e c  t o  appr9ximatel.y 6 inr,f?r poiz ts  of the t raverse .  A l e a s t  squares 
fit, of each set of t raverse  data t o  the theGret icai  form (& Bessei function) 
of the  radfd.  fi-u d i s t r i b z t i o n  f o r  a bare cyi incer  was macie. The ana ly t i ca l  
extrapcl la t im t ; f  t ? d E  d i s t r i b a t i o n  t o  zero gives the  extrapolated radius  of 
t h e  systen. 
gives the extrapolat ion length,  A, f o r  tkre p a r t i c d a r  configuration. 

A further determinatior, of the extrapelat io2 length may be made by equating 
the  material bucklings calculated from c r i t i c a l  mass measurements and f r an  ex- 
poner t ia l  experiEents--the ex tmpcla t ion  lerath considered as an unknown 
parameter t o  be adjusted t a  br ing the two buckling values i n t o  agreement. 
FrrJm %he h o r n  dimensions (radius  R, acd height He) of a c r i t i c a l  system the 
buckling is assumed t c  be giver_ by 

With each l a t t i c e  spacing, 

With the loading reduced t o  about 94 percent 

This regior, 

This radi-,is, l e s s  the  physical radius of the uranium core, then 

and f r D m  exponentiai experimer-ta the buckling is given by 

1 2 4 0 3 9 2  
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where 

b u  i s  the relaxat ion length determined from a v e r t i c a l  (axial) t raverse  
i n  an exponential experiment with the radius of the system reduced t o  some 

:f%ags a t  the  32-inch height. These, together with the  results of the 
previous c r i t i c a l  mass measurements a t  the  16-inch height were used t o  ob- 
t a i n  a v d u e  f o r  the  exkapola t ion  length. 

Such exponential measurements were made f o r  each of the  l a t t i c e  

Values of the extrapolation lengths are given i n  the following table .  
The "Type of Data" indicates  the  detector, number of points  used fo r  the 
least squares f i t ,  o r  the c r i t i c a l  dimensions-exponential experiment buck- 
l i n g  comparison. W e s s  otherwise noted the f l u x  t raverses  were mde a t  
the  v e r t i c a l  mid plane (16 inches from the  ends). Preliminary f igures  f o r  
the  0.700 and 0.800 inch spacings have been reported (HW-60233) and are 
included f o r  completeness. 

EXTRAPOLATION IENGTE FOR 3.063$ ENRICHED URANIUM 

Lat t ice  
spacing 1 Inches ) 

0.6 

0.7 

0.8 

0.9 

* 
* 
w 
JCy 

Type Data 

3.41 AU Foil - 7 pts .  
AU Foil  - 6 pts .  
AU Foil  - 7 pts .  
AU Foil - 6 p ts .  - 7 pts .  - 6 pts .  
BF3 
BF3 
BEkp BCA 

5.00 

6.84 

8.92 

AU Foil - 6 p t s .  
AU Foi l  - 5 pts .  - 6 pts .  - 5 p ts .  

AU Foil - 6 p t s .  
AU Fo i l  - 5 p ts .  - 6 pts .  - 5 pts .  

AU Fo i l  - 6 pts .  
AU Fo i l  - 5 pts .  - 6 pts .  - 5 pts .  - 6 pts .  

5 PtS. 
6 pts .  
5 PtS. 

33-3 
BF3 
%xp BCA 

BF3 
BF3 
%xP BCA 

BF3 
BF3 
BF3 

BCA 

4 
Cm. 

6.41 
6.61 
6.60 
6.48 

- 

6.91 
6.61 
6.50 

5.99 
5.38 
6.70 
6.13 
6.07 

6.07 
5-71. 
7.00 
6.22 
6.20 

6.08 
6.25 
6-71 
6.74 
6.89 
6.46 
6.65 
6.30 
5.93 
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The foLo7Ar4 t a b l e  l i s t s  the c r i f i c a l  mass aeasured f o r  each Pa5tice 6parJing 
by the  c r i t i c a l  approeck e x p e r i n a t  for the  32-ineh heigkt. 
f G r  ccmparisor?, a r e  ~ h o m  the  mat,eriaL bucklings calculated f r o m  these h t a ,  
the  previom c r i t t ca l .  amroach masuremeDts a t  the 16-inch height and f ron 
the  exponextid ~ s s i z c n e c t s .  
commm A shorn. % w e  resfits are as follows: 

Ir: addifion, 

Ali buckling cdculs9 ions  were made with the 
I 

6 %  Lat t i ce  Ci.itizG Mass Calculated Bucklings (cn-' x 10- , 
S p a c i q  H20/? (32-hch H i g h )  A Exponential C r i t i c a l  Approach Data 
pts?les) (Vo'-me) (13e. ) (cm.) Data 32 in .  High 16 in .  High 

Measured 

0.6 3.41 460 6.52 14,92e 14,889 14,956 

0.8 * Ge8L 312 6 . 5 ~  13,262 13,421. 13,383 

0.7 * 5 .  a;' 3 55 6.50 14,599 14,658 14,778 

0.9 8.92 315 6.50 11,294 li,u2 -> 11 490 

* RepDrted Frevi0.u aonth, 

Tkie exponent id  measa-ements h v e  s tandm6 e r r m  f r o 5  least square f i t  that 
var ies  froE 7 t c  25 rlcrc-bxks.  
data has an estimated stadard e r r a r  of about 25 micro-backs. 
c a i c u l a t d  by set+,irtg buckling equal would have a standard deviation of about 
0.1 CE. The errors i n  thz  h c r i z o a t a  flux f i t t i n g  give an estimated standard 
deviasion i r i  tine extrapalat ion length of about 0.26 cm due t o  cmnt ing  s t a t i s t i c s .  

Experinents W't? Xomogeaecus Systems 

Analysis of the data frm k, measurements i n  the PCTR a t  nominal HfJ ratios 
of 4 and 6.5 has confirmed the e p i v a l e n c e  of polyethylene m d  water as nodera- 
t o r s  f o r  thEse k, measuremeate. 

Tne buckling calculated f roa  c r i t i c a l  approach 
The extrapolation 

Andysis of the data From masureaents  cf the resonance escape probabi l i ty ,  
E, i C  the X'IIR gives Px 0 m a e r a t e a  8 0.82 a t  H/U 4.6. A Value Of PcH2 moderated 2 
0.85 a t  H/U - L.C wa6 obtained 5 u t  i s  suspected t o  be ir, error because the data 

vere taken during a perid l a t e r  faux2 t o  be one of s c i n t i l i a t i o 3  counter t rozble  
and a i s o  bssausq the  k, values for the  cases of the t.m moderators agreed sa 
w e u .  

NeEtroo Am Measurements 

The eaergy s p e c t m  and arigdar ciistrlbutfon of ceutrons prodxed  i n  the  Na-Be 
sources used 13 t3ese r?easuremerite have been calculated.  The angdar d i s t r ibu -  
t i02  was fomd t o  be very arAaotroric, and a s  a r e s u l t  the  theo re t i ca i  cs lcula-  
t i o n s  ma& elsewhere on the e f f e c t  of source s i z e  oc the  ueQtron age a re  LO% 
reliable. %e results af these experiments are beicg prepared f o r  p~3l ica t , ion .  

I 2 4 0 3 C 1 4  
:: 
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C r i t i c a l  Mass Theory 

Wri3in.g has started Dn a FORTRAN pmgram t c  in tegra te  the N 4 1 coupled first 
order d i f f e r e n t i a l  eqwt ions  describing reactor  k ine t ics  with N groups of 
delayed neutmns. 
or  one geometrical arrensioz t o  change l i n e a r l y  with time. The attempted 
malog  eanip-J%er s s l u t i m  +& this problem was nof successful. 

Provisions are iricluded t o  permit e i t h e r  the r eac t iv i ty  

P ~ A ~ ~ ~  F i s s i t c  Cross Sezt ior  

The u n i f m e t y  of depcsit  cf several  of the  electrodeposited f o i l s  used i n  
these measwsmen';s has beer, studied b q f i s s i o n  counting i n  small areas  of the 
f o i l s .  
%??e &E'; f c f i  %z 9 15 Fercezt $21- the wsrst. This nonunifmmity i s  much more 
Severe th8.c ta5 b 5 . e ~  azC,:ziFa',ed a d  w 5 L  m a K e  it impossible t o  Gbtair de ta i led  
i 9 f c m a t i m  si. the &ape 35 the c.26 ev resonance. 

Tne nonmi fo r&t i e s  vkisk w e e  abserved ranged from f 9 percent fo r  

The o v e r d l  nieas*zernerts $L the 4 t o  23 ev regicn have been completed and 
iralvi&& rzson&rAces a r e  being r u ~  wish higher resclut ion.  
t icr:  ~ir; cf take L.3 e.* ressnance c a f i m e d  the  presence of a smal l  resonance 
a t  L.7 ev. 

A higher resolu- 

S i c w  NeLt.roL S!:sr,';er$ng Crsss S e c t i x s  

The three  a x i s  s p x t r m F - t e r  has beer pJt back iLtc operatioc following the 
extecced resc%r catage. Thc study cf the energy d i s t r ibu t ion  of 0.184 ev 
neu t rms  sca t te red  frm mm tefiperatllre water was completed and measurements 
a re  nGv beiag =de -Lt4 an iLci5ent rie;l",ron eIiergy cf about 0.22 ev. 

Fast  Neutror, C ~ v s r ;  Sectioris 

The new modei of the  vern ier  chronotrm has been p e r f o m - c e  t e s t e d  as a 
t ime-of-f l ight  clock. 
i r g  r a t e  which eliminates the  aoet  grievcus pwblem of the  o r i g i n a l  model. 
g a t i r g  tracsiect wkick inac t iva t e s  %he chmnOtrOn fcr the  f i r s t  f e w  channels 
i s  shor te r  and l e s s  severe than with the Zriginal model. me resolut ion i s  
a t  l e a s t  e uaJ. t c  t k e  o r ig i -A  model as 0.85 m p e z  resolut ion was obtained 
f o r  the  Cogo coimifierit gamma decay with a l e s s e r  r e s t r i c t i o n  on biasing than 
was previsusly used. 

The charinel width of the n e w  ruche1 is constant w i t h  count- 
The 

PLUTONIUM RECYCLF: PROGRAM 

h w  Eqosure  P i u t Q z i m  Lafi;izes 

Fabricst ion of graphife is esaec t f a l ly  carrrplete. 
been delayed by a s t r i k e  against  the D f f - s i t e  contractcrs.  

S m  metal components have 

The 1.e w/o R2-A1 f u e l  w i l i  not be delivered on schedule. 
a t  present is l a t e  ic July 1959. 

The best estimate 
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Experilnent s 

Some P 
a homo$errizatioi cf a c L u t e r  of s a  diameter, bdghiy self-shielc?ed X roas. 
These results h v e  not, bees: analyzed as yet. 

cslcxlations hsve been r m  on a PRTE? c e l l  With tbe firel replaced by 

Exponential Experiments FiEth Plx-bnim-Aluminum Rods 

Di refsrecce t o  cr i3 .cal  mass st*&ies fo r  processing piatmnfun bearing rue1 
(FRTR) the first delivery cf the specially prepared Al-Fu a l loy  fuel  rods was 
made by the F lu to t im  MeC,allwgj Operation. 
feet ill: l e ~ g t k  ani contarning a tot& of 641.3 gz of PdJ were received. The 
t o 2 d  amber  of rods to be sEp$iea includes 290 Zfrcaluy-2 cla9 rods two fee t  
i?l lengtlr mB, i n  ad&itlori: 29 rods one foGt i n  length. !The fuel alloy i s  
aiumintur, - 5 -./'o PJ: %??e &%we+,er of the rods is 0.5 inch; the fuel  claddirg 
i s  3O-ril ?hick Zircaloy-2; tile m.xim;;lr O.D. of %he rslai! eLements is 0.576 
icck. 

On b y  14, 60 rods, each two 

Nuclear Safety Problems 

During the p x c e d h g  mcmh a suclear safety study was made for the Plutonium 
Metallurgy Operation f a r  the sXpnen% of large 2uant;ities of 7 percent (by 
weigh$) Pu-Al U o y  ftreLs. The r e s d t s  of this stuay were reported i n  the 
April Mon%Tiiy Rewrt  (HW-60233). 
i n  the a i r  s.kipne.nC, of t:rlese fuels spaced on 4-132h cecters. 
tkat 36 of these ?de2 e-ements a t  this spacing woCd be safe provided the only 
materiai isbi3e s k s e  bclxes c t k r  than fue l  was the l/Z-iLcl= plywood sections 
recpiret! t3 mixtiair, the laft42e spacing between fuel rods. This array would 
be safe i f  water floode?.. 

Another shQv was made of the nuclear safety 
It was determined 

' k e  l i m i t s  r,z the  awmt of wood inside the boxes is t o  preclurie a wood- 
moderated reactor.  
were f i l l &  w2tk woad:, it i s  estimated that as f e w  as kj of these rods might 
be c r i t i c&.  

If the en t i r e  s p c e  i n  these 3oxcs Lot occupied by fhel 

A meeticg vas he33 wlth a mzber of the PRTR Operatior; t o  discuss c r i t i c a l i t y  
i n  the cas2 cf a PRT3 fue l  lneltdown. 
of moaerator s?;c coolant with subsequent meltdown ef the fuel.  
of tt-e disczaaion all e5 fue l  elements wer2 assumed t o  be Pu-A1 eiements 
(1.@ Pa by weight) ea23 containing a maximm of 2'70 grams Pu. 
is  GO bcil off of alumirm from the  molten alloy, such a meltdown cannot resu l t  
i n  a cr i+, ical  condition. 

This hypofhetical case considers the l o s s  
For the purpose 

Provided there 

Insfrumentatior 

The focusing ef fec t  af tk profiloneter diameter measurement u n i t  was corrected 
by regrlndhg cne of the strrf'aces of the variable wedge. 
selected for  f ive  of the corttrol functions of the pmfilameter. 
are being designed f o r  the dianeter and warp meaaxemect functiocs. 
readout comters  Lave beer; selecte6 t o  indicate warp an6 diameter measurements. 
The comters  w i i l  prcvide a check oc the au tma t i c  printout system and eoule be 
use6 i f  the prin%out system were temporarlly out of order. 

Electr ic  motcrs were 
Ma~u8.l ccotrols 

Digi ta l  

A count-rate system for  checking the thickness of *he zirconium cladding around 
c*-mim fdel eieneot w i l l  be evaluated. %:e&+ 

1 2 4 0 3 9 b  
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GAS COOLED FBACTOR PROGRAM 

Lat t ice  h rame te r  Measurements 

PreliIllfnary analysis  of the  data obtained from the  first experiments i n  the  PCTR 
y ie lds  the follcwing information: 

ETR Lat t ice  GCR Lat t ice  

fpoi soned 0 699 

f 0.807 0.819 

1.155 1.172 

The GCR la%ise was n s t  e a s i l y  necked up exact ly  i n  the PCTR. The above numbers 
iodica+,e the mqpi3ude of' the mrrec t io l ;  recessary t o  acco'mt f o r  the difference 
ir the 
nmbers  f c r  k, f ,  p, arii E a r e  availakle.  

l a t t i c e s .  The deta41e of the.two l a t t i c e s  - d i l l  be given when final 

??le sec9nd meamremmt, tha t  of control  rod strength, has been completed this 
date .  
thm 20$ ir GXp compared t a  the crigina=. value of 14.w calculated by Allis- 
Chalmers. 

A prelfnLziary look inilfcates that the  coritrol rcd strength i s  grea te r  

Recently, calc3aations at. Oak Ridge h a ~ c  predicted a value of about 
2 w  

Varia%im of k p p l e r  C2efficfent with S/M Ratio 

The bid  f o r  a 7 I/2 Kw h d u c t i o n  heating generatar has been awarded t o  Lepel 
High Freqency Labs, Ine. a t  $4694.W + $160.00 freight. 
f o r  June 19, 1959. 

Delivery i s  scheduled 

The t h ~ m m ~ u p i s s  f o r  t he  mockilp, together with the  modified recorder, a r e  
being ca l ibra ted  ir, t he  300 Area, I n s t r m e n t s  Stacdards Shop. 

Fabrication of the 20-inch l eag th  of fuel e l a n t  f o r  the 1.92-inch diameter 
temperature coe f f i c i en t  is about 75 percent complete. 

Theoretical  PCTR S t d i e s  

A simplif ied small source theory c r i t i c a l  condition, i n  the  form of a 4 x 4 
de%erminar,t, was sclved n h r i x U y  f o r  the GCR l a t t i c e  with one control 
rod per nirie -1 elements. This condition was used t o  pred ic t  a thermal 
u t i l i z a t i o n  of f - 0.706, based on a measured value of f 0.807 f o r  the lat- 
t i c e  without control md. The predicted c w t r o l  rod worth of about 12.5% i n  
k i s  appmimate ly  half the  experimental value, which i s  s t i l l  t en ta t ive  but 
exceeds 26. This discrepancy is believed t a  be due, i n  la rge  part, t o  the  
inclusion i n  the c r i t i c a l i t y  formulatior, of the  l a t t i c e  sum of K, functions 
only. 
n ) 0 9  the f o r m J  l a t t i c e  sun f o r  general n bas been found by use of the Poisson 
suma%ion f o m d a .  

As a step i n  the pmcess of including l a t t i c e  sums involving & f o r  

This geceral  r e s u l t  i s  now being checked. 

1 2 4 0 3 9 1  
A 



B -13 HW-60505 

"EST REACTOR OPERATImS 

Operation of the PCTR continued routinely during the month with one unscheduled 
s h u t d m  caused by electranic  failure. !&e control rod effectiveness experiment 
for  the Gas Cooled Reactor was completed as was the first phase of the 1 percent 
enriched 7-rod c lus t e r  kao determination. 

An extended outage f o r  maintenance and reactor improvements i s  being planned. 
The floor under the moving face tracks i s  t o  be reinforced; an I l - inch square 
hole i s  t o  be made thx,ugh the moving face; and a safety r a i l i ng  ins ta l led  on 
top of the reactor. 
a re  being processed. 

E s t i m a t e s  have been prepared and the Work Review papers 

Designs were completed and work arders written f o r  a core volume j i g  and a 
f ine control rod drive. 
assembly pr ior  t o  charging in to  the reactor. 
improved by ensuring that no rebuilding wlll be required a f t e r  laading the 
assembly in to  the reactor. 
s m a l l  changes i n  react ivi ty ,  such as those occurring i n  fue l  temperature reac t i -  
v i t y  coeff ic ient  measurements. 

The core j i g  will allow stacking the en t i r e  t e s t  
Reactor time efficiency can be 

The f ine  control rod is t o  be used i n  following 

C r i t i c a l  mass experiments were conducted i n  the TPR reactor room during the 
en t i r e  month. 

BIOLOGY AND MEDICINE - 6000 PROCRAM 

ENVIRONMENTAL SCDENCES 

Atmospheric Physics 

Preparations f o r  this summer's f ie ld  experiments neared completion and the 
first partial experiment, designed t o  test equipment and operating schedules, 
was scheduled f o r  the first week In June. 
i n s t a l l ed  on June 4. 
pigment counters, a task  which requires the samples collected i n  the partial 
experiment mentioned above. 

All equipment was i n  hand and 
The major rentaining item was calibration of the automatic 

Supporting functions f r o m  Texas A and M and t he  Air Weather Service began 
t o  a r r ive  during the latter part of the month. 
were tentat ively scheduled t o  begin on m e  15 and no later than June 22. 

Full-scale f ield experiments 

A f'urther t ransfer  of funds, i n  the amount of $30,000, was effected between 
the Air Force and HOO-MC by Cross Servicing and Acceptance Order No. 59-542. 
These funds are in support of the data reduction and tabulation associated with 
th i s  summer's experiments, as w e l l  as fur ther  support f o r  f i e l d  ac t iv i t ies .  

Dosimetry 

It was decided t o  complete the assembly of the large sc in t i l l a t i on  counter 
for  the Shielded Personnel Monitoring Station. 
multiplier tubes will be used. 
f o r  tes t ing.  

An array of seven 3" photo- 
The 10" EMI tube has st i l l  not been received 

T- ~- 

I ,  1 2 4 0 3 9 8  
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During a t r i p  t c  h s  Alarms, the d'+O and Cs137 burder, of the physicist working - 
at the s ta t ion  was measured. 
acceptable. 
saapling o r  as a suspected conteainatioc case, Determinations of ~ ~ 1 3 7 ,  $0, 
and 21165 body burdens were made f c r  the routine cases. Analysis of the data 
i s  not complete; however, a plot of potassium conzeKt versus body weight was 
similar t o  that obtained a t  Los Alanos. 
ppg{gm K; acccrding t o  LDS A~WGS the national average f o r  1958 vas 67 ppc/ga. 
Zn 

The agreement with our cwn measurements was 
During t3e moath, 26 people were c o x t e d  e i the r  fo r  routine 

The average C d 3 7  content was 83 

appeared i3 several Paseo and Kemewick residents who w e r e  measured. 

Eight cases of suspected contmimt ion  were exanined. 
Ilation. 

Ru . 
Six showed no contami- 

One of these was a secmd s-&ject i volved n the glove box explosion 
reyfgted LasC, month. &e subject showed S c Q  and Zn 2 5 and another showed 

The posit ive ion Van de G r a a f f  operated sa t i s fac tor i ly  duriri  the month. 
Sparkkg Gear 2 Mev was rsduced by opening the tank and clea.xi.ir. out metal 
dust from ?;he stapled be l t .  Drifts i n  the magnef current were reduced a f t e r  
it was found tha$ mercury ba5teries i n  an i c t e g r a t i w  servo were affected by 
temperatwe efianges; the bat5eries were mounted i n  a place less subject t o  
change. 
p i t  i n  tke acce lera tw la'CJora%cry were begun. 
asceleratslr Targets -as assembled. 

Er2argma.t of the control room and addition of a l i g h t  f loor  over the 
A vacuum system fo r  preparing 

Measirrzmer_t,s md a.calysfs of data f o r  alpha-radioact.ive neutron sources con- 
tinued. 
vas used far t he  measureneLt of background. The data appeared t o  be statis- 
ti@KLPy rel iable .  
The ratdo or" counts with the two moderasars, however, shcwed only small fluctu- 
a-bions . 

Tu check the r e l i a b i l i t y  cf the comter  system, the double moderator 

The bazkgremd ra t e  showed variations of as much as 4%. 

The threshold enErgies f o r  the excitation of the  5.11 and 5.16 Mev leve ls  i n  
BIO were measured with the double moderatm by observing, i n  the direction of 
the be&%, t t ie ra%io cf c3;212ts with the tvo moderators as a functionof deuteron 
eEergy. Preliminary valliea obtained fo r  the thresh012 energies were 0.914 and 
0.975 MeV. The 
study was made t o  show that the improved performance of the 
the stapled belt c m  improve our knowledge of the Beg(d,n> BBs reaction. 

Bomer and Bctler  obtainej  0.920 and 0.980 MeV i n  1951. 
celerator with 

I n  studies of the use of pencil ion chambers f o r  low dcse measurements, four 
6 - w t  storage ba t t e r i e s  were substi tuted fo r  the chopper-stabiiized electronic 
power srrpply for  the charging voltage. The batteries Proveti t o  be more stable 
than the power supply. 
cf about 1.54 with a give= pencil. ~t was f o u i i  that different  pencils pro- 
duce charges per a t  dose that d i f f e r  by more than t h i s  so individual calibra- 
t ions are neceEsary. A draft  
of a j o x r r d  a r t i c l e  or+ %Lis work was prepared. 

It was possible t o  measure i rnr doses t o  accuracies 

Linearity was checked and found t J  be excellent. 

With the cooperation cf Compocents R &, D Operation aa optical  pyrometer was 
t es ted  f o r  w e  as a sensit ive densitometer fo r  
fi lm badges. The r e su l t s  lookeci promising fo r  
of film badges. 

d i f f e r e n t i d  densitometry of 
improvemem of the segs i t iv i ty  

1 2 4 0 3 9 9  



B-15 

INSTRUMENTATION 

The sc in t i l l a t i on  trarsistcri zed cornbi,?o.l a lpha-beta-gmi kan.l and shoe coun- 
ter  is s t i l i  i n  csnpletely sa t i s fac tmy operat ia i  ir, the 329 Building. 
instrument has operated f3r almcst three continuous months with no maintenance 
work necessary. The instrmen5 has undergone approximately (estimated) 10,000 
operations i n  the three monthg with n6 lmcjwn faul ty  or incorrect operations or 
indications. 

The 

A radiation picture and a daylight photograph were taken simultaneously with the 
experimertsl pinhoie caners, CT: the r ea r  face of 100-KE curing the last shutdown. 
The daylight pLGtagrap1; waa satinfac-mry; however, the radfaSifm photograph 
wtis r;;i=led i n  the  develspbg prozess. h o t h e r  set of phet3grapks w i l l .  be taken 
eo3c. 

Iwest ig&tAm a;29 d=v=lszrnem w r k  was dme concerning a cmp2etely $msis-  
tar ized scictd.la++ion &sP-ra+,e neSer. Two me-bkads of approach w e  being in- 
veetFga%e5; k e s e  are a 2hopper-inpit with following a-2  amplifier md a much 
simpler ar.6 chzaper d-z systern u s i q  a d i f fe ren t ia l  traxist3r amplifier f o r  
gmd tempera-cure compznsatfm. 
mer% wLth the d i f f e r e z t i d  tratisistcr aaplifier a re  0-5 mr/hr, 0-50 mr/hr, 
0 - j G O  m/hr a d  0-j ~ / h r .  
~LLLL s c e e  first ra_..g:e. 
WYerert. trmsi s%rs ., 

Approxfmate r ages  of the experimental instru-  

15 is hcpd ttzas t h i s  car, be improved t o  one m r / h r  
035:s ccc be acme by raising $?;e fdgh vcitage or using 

k csxpletely t rars5sfcr ized s c i n t i l l a t i a n  alpha-beta-gamm aural ly  indicating 
i 3 s t r m e n S  kiaf -bee2 devel2ped the various Zircuits "bread3oard" tested.  
Tne aural  (Psxdspeakerj ciApit i d  i n  the fom 3f l x d  pcps f o r  each alpha- 
caused p d a e  arAl a CZE IG: Izme o r  " z h i q "  f o r  each bets-gamm-caused pulse. 
Thus, ear Leparatisn cf t3e tw types of crlctsmim.t.ion I s  eas i ly  obtaineci. 
The systez v i l l  e a s i ly  def,ezt, a d  indicate p d s e c  frorc beta energies as low as 
75 tl=, 100 Gvg thus, el+ aad ,335 are easily detaLted. The aipha background is 
l e s s  thar, three iloun,ts per misute with an alpha-detecting geDmetry of 10 t o  
15$. This t ransis-  
tor ized system can be used i n  place of the vacum tube model designed last  year. 
Five cf the VKUUX tabe ncdels were fabricated md ali Pave worked sat isfactor i ly .  
The Sxacsistorizei  model has the advantages Zf te t ter  s tak i l f ty ,  lower main- 
tecancct zo5ts, and laver initial cost. 

A z.tmplete expr iEez ta l  inszrument wi l l  be fa5ricated soon. 

The gams 3ose-rate analysis cf the backgrowid i n  P u e x  is being continued. 
backgraurids are being checked where the nuclear incident alarm systems will be 
placed. 

The 

The CYWG e v r i m e n t a l  sc in t i l l a t io r ,  nuclear-ircidect alarm instruments were 
tes ted  a t  LCG A l m s  Gicing the "Goalva" t e s t  f a c i l i t i e s .  The t e s t a  were com- 
p le te ly  stitisfactory i n  all eases wikh both iastruments. In  8J.l tests but one, 
the alarms energizea. In  the one test  where the alarn; dirl  not energize, it was 
found that the f i e l d  strength l eve l  f o r  the par t izular  test, at a very remote 
location, was nc4 qxite higk enough ?x cause r lay closure with a one r/hr alarm 
point. 
40 miaxsecond:. 
t r aa s i s to r  booster amplifier. 
vinyltclaene c rys ta i  deteckor i s  used i n  %he ins t rment .  

The total 'lGoSivEt" output is about i$ rivb with a pdse width of about 
The t e s t s  m r e  made both with EUid withozt the use of the two- 

h inexpensive ar,d very stable terphenyl-in-poly- 
The vsriable alarm set  
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ps in t  can be s e t  f o r  any gamroa. dose-rate l e v e l  frm about three mr/hr up t o  
t e n  r/tir. 

Circu i t  changea were made iI; the wind speed in tegra tor  and iden t i f i ca t ion  uni t s  
of the radiotelemetering system. 
these modified units. 
c'h&ssis, the  wind d i ree t lon  i n t e g r a t x  chassis, and the m i n  chassis  of the 
data s ta t ions .  

Units i n  the f i e l d  are being replaced with 
Ci rcu i t  modificatiom were made on the  scanning switch 

These modfficatiors have been made on all data s ta t ions .  

Two more sources which were received f o r  the Zinc-Sulfide Pa r t i c l e  Counter 
were aczeptable. Two ext ra  sources w i l l  be tes ted .  A l l  four uoits are  now 
r e a d j  t o  be used by the f i e l d  except f o r  one sca le r  which has not been delivered. 

Sone imesf iga t - ion  wcrk has been car r ied  out t,? determine the e f f i c i enc ie s  of 
vsri9-46 Ugh% pipes. These sc in t i l l a t ion- type  probes, wfth an e f fec t ive  
dia~et~sr ef three m,, vere ev&at,ed fcr alpha arid be+,a detection. For evalua- 
tior- prpxes, pcftt scuces were use.9. 
e f f i c i eccy  sf 1%. 
befa aezector has a cTmtLrAg efficiency of apprx imate ly  0.2% for a CA4 source 
of 4660 d/xi o r  2.1 g 10-3 pz md a c m n t f r a  e f f ic iency  of about 2$1 for a Cs137 
source of 3.15 x 10 

The alpha detector  has a counting 
A 4289 d/m cr  1.93 x l C - 3  pc W239 stiurce was used; The 

d/m or  0.532 pc. 

A S k i a ~  pqycmeter was t e s t e d  f x  use as a densitometer, 
ass is tance t o  W. C. Rcesck. The comorrly used densitometers read density dif- 
ferenceE of 0.05 3enaity iinits. 
Jmztfsr, wltk a ther  op t i ca l  equipment could read differences of 0.005 units 
and there  i s  some p o s s i b i l i t y  of reading even s m a l l  differences since the  experi- 
ment.sl arrangement fo r  these tests was rather crude. 

This wark was dorre i n  

It was found that the Sha-ter used i n  con- 

WASHINGTON DESIGNATED PROGRAM 

A n a l y t i o a l  services  were proviilecl fsr this program. 

A modification i f  being ma& t o  the sca l e r s  of" the ion counting detection 
system. 
fied sca le r .  
the d f s c r i n i n a t x  now in use which has been unsat isfactory.  

A p o r t i m  of the pcS241 ample being used f o r  f i s s i o n  cross-seetion measuremeots 
was aaalyzed i n  the tri l e  filanient mass spectroneter.  

Tests f n ~ c a t e  a r e l i a b l e  performance wfll be obtained with the modi- 
A cew 10-megacycle discriminator i s  being fabricated t o  replace 

The r e s u l t s  obtained 
f o r  the r a t i o s  Pu239/Pu P 41 a d  agree with the previous analysis  by 
Oak Ridge t o  within 

CUST3MER WORK 

2 percent. 

Andog Computing 

Problem solut ions are being delayed due t o  equipment l imi ta t ions .  
the  NPR work requires  f a c t i o n  generators and our present ones cannot be used 
because of bad components. 
necessary t c  r epa i r  the function generators. The estimated delivery date for  
these camponents i s  mid-June. 

Most of 

Emergency orders were placed f o r  the components 
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Tne PRTR work i s  awaitlng tke arrival of soms "trazisport lag" equLpment being 
borrcved frm Eerkeiey (Dfv. of Becla?lan lhstruments). 

!The ccmp-ter was dom, f o r  approximately a week t c  replace same burned out 
resistcrs i n  the  power supp1:es and fcr a complete tme check. 

lke DDA i s  out of sperat ion u n t i l  a bad r e c t i f i e r  i s  replaced. 

The Priroary Coolant Tramfent A r d y s i s  f o r  the PRTR has been programmed, but 
a shortage of us531e eqdpnent  a d  a l ack  of special equipmnt has delayed i t s  
solution. 
week of' June. 

15 i s  expec5ed that t'ne problem @XL be pt on %he computer the first 

m e  study 3f the p x q ~  coastdc~m- curves f o r  the FTPR has been completed. 
per t  c x e r f n g  t b 2 s  s+,udy -&E be issrsed i n  the near future. 

A re -  

The lig siz&a%x was ~ r q p a m e d  OG %he c m p i t e r  m d  workei we= f o r  ce r t a in  
ranges cf rea?%ivi tg   EL^ a PiEear fra;ctfor, cf time; hovever: f o r  the m g e  iri 
wbLck +,he the:.;re$=ical pkya iz i s t s  vere in te res ted ,  i+J was maat i s f ac to ry  due 
ts scaling p x 3 l e a ~  wFZck; eczafled 
a t  tne  s o l x + i a ~ .  

unreasonable lor4 mnning time t o  a r r ive  

93 
62 

13 5 

87.6 
82.7 
93.3 

A taperatwe a ~ ~ a g e  of 5'7.5 establiehed 5hC past, mogth as the four th  coldest  
May i n  48 years of" record fsr ths  Hmford Area. The cclldest May of record 
was i n  1933 when teqerayzres averaged 56.6. 
the past mxkk vas a sudden w a r m i l i g  frcm a high of 66 cn the  I l t h  t o  91 on 
%he l3th, mcl then a sucldeo cmling t c  a Ugh of only 57 on the 15th. 

May was the  third consecutive Knody manth. 
mph was ccnsiderabiy less thar, the recorcl ll.1 mph average of April.  

A fea ture  of temperatures f o r  

However, the a-ferage speed of 9.3 

Ins trumentati  02 

The expcrimer,tal rad ia t ion  warning d e ~ c e  i s  e s s e n t i a l l y  completed, i n  fabri- 
c a t i m ,  f o r  the F a c i l i t i e s  Engineering Operation, Hanford Laboratories Operation. 
The s c i n t i l l a t i o n  detector  i n s t r m n t ,  with m i n i m  alarm s e n s i t i v i t y  of about 
f i v e  mr/hr, will be 
ing a 15,000 c m i e  C3' source. The alarm-point s e c s i t i v i t y  i s  t o  be se t t ab le  
from about f i v e  m/hr up t3  103 m/hr. 

ced as an darn monitor above a water-f i l led tank contain- 

Fabrication work was c o q l e t e d  on the experimental conversion of a v e r t i c a l  
lead pig-Type shelf counter from a f n g i l e  expensive mica-window GM tube detector  
t o  a s c i n t i i i s t i o n  e ,em using a phototube and t e r p h e n y l - ~ - F o l y v i n y l t o l ~ e ~ e  
de tec te r  . W, 4+h "-- a C1{'ibeta = 158 Kev) check smrce ,  t he  aigna3-to-background 
r a t i a  was 25% b e t t e r  usirg the s c i n t i i i a t i s r ,  detector  i n  piace of the  mica & n W  
GM Ixbe witk the  scmce +,a d e t e z b r  face distance the sane i n  both cases. Nct a l l  
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of the very o ld  and obsolete GM tube systems can be s imi la r ly  converted since 
the o lder  s ca l e r s  in use a t  HAP0 have such poorly regulated and noisy high- 
voltage =applies. 
years can probably be simply and e a s i l y  converted t o  s c i n t i l l a t i o n  counting 
fo r  s t ab le  r e l i a b l e  operation. 

Systems using sca l e r s  ma,nufact.med i n  the  last  four  or  f i v e  

The ana ly t i ca l  ca lcu la tor  i s  approximately 50$ f inished.  
be assenbled and ready f o r  t e s t i n g  during the first week i n  June. 

The calculator  w i l l  

A grdss court  instrument PAS beec designed fo r  Coolant System Developmmt of the 
Materials Development Operatian. 
toluene c r y s t a l  and mult ip l ie r  phototube detector  with a l i n e a r  amplifier and 
count-rate meter c i r c u i t .  It wi;l give zcunt-rate data on the l e v e l  of contami- 
nat ion of samples f o r  decontamimzion studies.  

The instrument. uses a terphenyl-in-polyvinyl- 

It was requested that we inves t iga te  the possible appl icat ion G f  s c i n t i l l a t i o n  
eq-ai.pmen+, t o  replace the  miza widow tube aqd equipment present ly  used t o  
monitor msks i n  the l a u r n .  
nished by the field,  a memorandm vas prepared d e s c r i b i w  a system which wil l  
reduce mmitor izg 5- by 

After several  laboratory tests, using masks fur- 

and maintenance cost  t o  a very low f igure.  

Eval.dat.ir,n t es t s  were canpleted on the  Mggs Remcte Area l b n i t o r  and the 
"Sciritrill2" s c i n t i n i z e d ,  t rmsis tc r ia ,  ac-aperated poppy-type d p h a  detector  
Re-evaluation cf the  German pocket alarm was completed. Evaluation t e s t s  were 
s t a r t e d  on the Spar s c i n t i l l i z e d ,  t rans is tor ized ,  battery-operated, portable, 
fast and slow neutrcn detector ,  and the Tracerlab Remote Area Monitor. Field 
t e s t s  were performed oc the redesigned gamma energy analyzer. 
Cn tritium monitors was st -ar ted and work was done cn gettirlg data on cold cathode 
t r i g g e r  diodes. 
f ind  appl icat ion i n  pocket dcse alarms. 

A l i b r a r y  search 

These could perhaps be used as valtage sens i t ive  relays and would 

QtLca l  
- 

The routine Optical  Shop work during t h i s  per iod Lncluded a t o t a l  of 520 man- 
hoirrs of which 31% was fo r  Spare Par t s  (Stares - ultima%e customer i s  CPD), 
4% f o r  FPD, l5Q f o r  IPD, 275 for HLO ( inc l -d lng  1.6 mdmurs s i ck  leave) and 
23$ fcr CPD. The work included: 

1. 
2. 
3. 
4. 
5 .  

6. 
7. e. 
9. 
10. 

Fabrication of 29 glass bearings. 
Polishing one bearing seal face. 
Polishing three  lead glass bricks.  
Servicirig one three-power crane periscope head f o r  Redox. 
Design and fabrica%ion of a test probe f o r  detect ing differences i n  
f u e l  element surface r e f l e c t i v i t y  . 
Fabrication of 12  photometer windows. 
Aluxdnizing 1 j mirrors.  
Faiirication of two l e n s  holders f o r  327 B u i l d i n g .  
Fabricat ian of a lamp and Fhctoceu  assembly f o r  G. R. KLinger Of IPD- 
Fabrication of parts f o r  a beta-ray can wall t h i c h e s s  detector.  

I 2 4 0 4 0 3  
PI$ Gast:mcs 

W g e r  
Physics and Instrument Research 

HANFORD LABORATORIES OPERATION 
and Development 
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Chemical Research & Development 

RI%SE%BCH AND ENGINEERING 

FISSIONABLE MATERIALS - 2000 PROGRAM 

IIWLDIATION PROCESSES 

Deconta.nination of Reactor Coxtiponents 

HW-60505 _. . 

Pemnganate-carbcnate sc lu t ions  are s l i g h t l y  less e f f ec t ive  than permanganate- 
Cdustic solut ions f o r  f i s s i o n  product decontamination as the  f irst  s t ep  i n  the 
APACE prcxess. 
fLt i s  gaiLed from tke Versene (EDTA) used with ammonium c i t r a t e  i n  the  secor,d 
s+&p of the APACE Frocess. Reducing the  temperature from 95 t o  60 C during 
St2p 2 cf the APACE prccess reduced decontamination of stainless st .eel  by a 
fti-tor cf at least. LO bct  did rick reduce decontamination of carbon steel. 

Fur+,her experiments with the APACE process ind ica te  l i t t l e  bene- 

U r e ~ i u  Cxich-kFon acd Fission Product Vola t i l i za t ion  Studies 

A series @f experiments t o  character ize  tk evolution of f i s s i o n  products a t  high 
tempera+,uree i n  steam atmospheres m s  begun and f i v e  runs successfully completed. 
Part.ial a n a l y t i c s l  results indicated tha t  much smaller percentages of f i s s i o n  
prr 'uuct.~ would be released in a sxeam atmosphere than i n  a i r  under otherwise 
similar experimental ccnditions.  

P r e p r a t i o r ,  of s. summary document on the  release of f i s s i o n  products i n  an air  
atmosphere was started. 

Prcgress w a s  made i r i  specifying and t e s t i n g  equipment required f o r  the  high 
expcsuze uranium meltdown s tudies .  
a l l  mjor equipment w i t h  exception of manipulators. 
t a x  Brookhavesl-type macipulators p r i o r  t o  wri t ing purchase spec i f ica t ions .  
Couzting equipment, f l o w a t o r ,  and temperature recorder were specif ied.  

Purchase spec i f ica t ions  were prepared f o r  
Arrangement was made t o  

A scint . i l la t . ion c o u t i n g  procedure was developed f o r  measuring the  percentage 
of xecon by d i r e c t  counting of charcoal t r a p s  u t i l i z e d  i n  the  experimental equip- 
ncnt of t h e  f i s s i o n  product release st.udy. 
&ccum.$e method for rare gas determination than previously avai lable .  

This provides an easier and more 

Analf l isal  Services 

Wa+,er ic canpressed air w a s  measured with Karl Fisher  agent by reversing the  
normal t i t r a t i o n .  The air was passed through a measured amount of KF agent. 
The air t i t r a t i o n  was followed by metering the a i r  leaving the  t i t r a t i o n  c e l l .  
The standard potentiometric end-pcint was used. 

MQr,thly Mn56 (t.1/2 = 2.6 hrs.) measurements were begun on Pasco raw and Pascc 
san i t a ry  water samples. Mn i s  oxidized t o  t h e  p e k g a n a t e  i n  a one l i t e r  
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aliquclt, reduced t o  MnO2 f i l t e r e d  and the  f i l t e r  paper placed i n  a ope dram v i a l  
f o r  gama counting i n  the well  of a 3-inch x 3-inch N a I  (T1) c rys t a l .  
s e n s i t i v i t y  of 2 x 10-7 uc/ml i s  achieved. 

A 

SEPARATION PROCESSES 

Reccvery of Neptunium i n  Purex. 
i n  behalf of  t he  most recent  Purex Plant  recovery run, completed during the  las t  
week of May. The need f o r  f u r t h e r  development stemmed from the des i re  t o  accom- 
p l i s h  the recovery and concentration of neptunium i n  the  2A and 2B columns alone 
(v ice  2A, IBX, IBX, and 2B i n  t h e  Apr i l  run) ,  t o  operate the  2A and 2B columns 
a t  elevated temperature, and toadd ail the  necessary reducing agents v ia  the  2AS 
stream (v ice  addition v i a  both the  2AS and the  2AF i n  the  Apr i l  run) .  

Additionalflow sheet  development was required 

Fi rex  2B Ccl lm Studies. Cold semiworks s tud ies  confirmed the  r e s u l t s  reported 
1': Apri l ;  i .e . ,  t h a t  approximately a t e n  per cent  capacity increase is  obtained 
-,\ - 7 -  

?T cycles  per minute. 
iricreaslEg the 2B column temperature from 35 t o  50 C a t  a pulse frequency of 

Miciature mixer -se t t le r  t e s t s  indicated that sa t i s f ac to ry  neptunium recovery and 
nep5mim-plutonium p a r t i t i o n  could be obtained with about half  as much ferrous 
sillfamcite and hydrazine as was used i n  the Apr i l  run and t h a t  these chemicals 
could be sa fe ly  added i n  the  2AS stream ocly (0.15 M fe r rous  sulfamate, 0.15 M 
hydrtizine i n  2AS). Similarly, Mini t e s t s  showed no-loss i n  neptunium-plutoni<m 
p&rt . i t ion whec the  2A u n i t  was operated a t  50 C .  

Experience t o  date i n  the  p l an t  run has confirmed these observations. 
srme d i f f i c u l t y  was encountered i n  the e a r l y  s tages  of %he p lan t  run i n  es tab-  
l i s h i n g  appropriate flow r a t i o s  and a c i d i t i e s  t o  enable separation of the  neptun- 
iun f r Q m  t h e  abnormally l a rge  amount of uranium present i n  the  3WB (ca .  0.5 U 
i n  t h i s  feed vice 0.2 - 0.3 M i n  e a r l i e r  runs). 
a?. t ract ive f o r  f u t u r e  runs w&d e n t a i l  "loosening" t h e  2D column flow sheet  t o  
eca-ple the  uranium concentration i n  3WB t o  be reduced immediately p r io r  t o  shut- 
t i n g  down f o r  neptunium recovery. Some loss  i n  f i s s i o n  prodwt  decontamination 
of uranium would r e s u l t  from such operation but t h i s  uranium could be subs t i tu ted  
f o r  t he  cold uranium which i s  normally recycled during s t a r t u p  and any excess 
over t h a t  required f o r  t h i s  purpose could presumably be decontaminated by s i l i c a  
ge l  treatment. 

However, 

A procedure which aEears 

Recovery cf Neptunium by a Specif ic  Extractant 

Reewering neptunium by a spec ia l  solvent  ex t rac t ion  cycle could o f f e r  increased 
f l e x i b i i i t y  over . in te rmi t ten t  o r  continuous recovery and pu r i f i ca t ion  i n  t h e  
Purex Plant .  For example, solvents  o ther  t h a n  TBP can be considered and, indeed, 
dibutyl  bu ty l  phosphonate (Bu( B U O ) ~ ,  the only o ther  organophosphorus solvent 
presently ava i lab le  i n  commercial quan t i t i e s )  appears t o  o f f e r  ce r t a in  advantages 
For example, batch equ i l ib ra t ions  of 30 per cent  DBBP with synthet ic  1WW solut ions 
yielded neptunium d i s t r ibu t ion  r a t i o s  of 9.9, 1.8, and 3.3 a t  a c i d i t i e s  of 4, 7, 
ar_d 2 M HNO , respect ively.  By cont ras t ,  d i s t r ibu t ions  w i t h  30 per cent  TBP were 
orily OT2 ana  1.0 a t  4 and 7 - M HN03, respect ively.  Similarly, exce l len t  separatiofi 
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Semiwcrks Fluid Bed Calciser  

Over-all fabr ica t ion  cf the ca lc iner  protctype equipment i s  95 per cent complete. 
In s t a l l a t ion  of the  calciner ,  surface cordeoser, scrubber, and spray condenser 
i s  c m p l e t e .  I n s t a l l a t i o n  of the e l e c t r i c a l  equipmen? has been s%arted.  

ANL Flu id  Ped Calcination Studies 

Explorafcry s tudies  a t  &.I O L ~  f luid-3ed ca lc ina t ion  of Pur.5~ ac id  wastes have 
cont imed.  
ard concentrated Fraste a t  a bed t eape ra twe  of 500 C and a feed r a t e  of 4.8 
I l t e r s h o u r .  Operabili ty arid results cclztinue $0 improve. Two 26-hcur rus 
(vph.rLtar i ly  stopped) were recreatly completed. 
-"UL.S ccntainsd f e v e r  large agglomerates ard h&d a higher bulk daLcity (1.4 g/cc) 
Zhar, ic acy previous runr .  

Recerat wmk has. %=e& performed with simulate9 "formaldehyde-killed" 

m e  powdered prcduct ir %hese 

The mir rJifficulty,  at- presect ,  is tke frequect plugging a t  the feed nczzleo 
D-is gluggicg Bas keeri i den t i f i ed  as being a majcr cctifributor t o  th formation 
cf ~ - 3 ~ z i r a k l y  l a rge  Fa-"',ic..les. Future m l s  vi11 ir;elude the  use, of mGdified 
f'ced rozzies  i L  aL a t t eap t  t o  x d u c e  ~szzle pluggage ari3 agglomer&t,= formation. 

Beat P a n s f a -  Prcpcrties of Spray-Calcined Waste 

Sruflies h&vc been made i n  the  k-incb d i m e t e r  2-foo5 long heating u n i t  t o  
iietermi3e the heat s r ans f s r  prcper t ies  of the  calcine& wac-t% produced in t he  
Chc,mi-.al Research spray caki lzer .  Thesp s tudies  indicated that the  thermal. 
cbmductivity cf +,he spray calcined ma+,erial is much lower than that of the 
120-meek alumina p v d s  disnusse3 i n  February's reyort .  At heat generation 
PZ~SS cf 10,000 acd 8,000 Btu/(h-)(cu.ft .  cf powder), temperatures of 800 and 
700 C, respect ively,  werc ncted a: the  csn ter  cf the heater  using the spray ca l -  

rate, the teml;srature a t  the  center  cf the  wit was apprcximately 350 C .  
- 7  --xr FOvdt?r. Wirh 120-mesh a l m i n a  a t  approximately the same heat generation 

Ob senraf ion Wells 

EG new trends i n  t h e  ncvemert o r  degree of gr0w.d water contaminafion were evident.. 
The Co60 ccnzentratfcn i k  the  ground water berze&th the 216-BY c r ibs  continued t o  
decrease, the msximurr: ecceentratiozi detected being less t h n  tqhe M.P.C. fer 
d r i n k k g  water. A single sample from a w e l l  3out.h of 200 East Area was f c u d  t o  
contaic  s ign i f i can t ly  more (five tines ) grcss  be ta  emittErs than previclus samples. 
Thia must be ccnfirmed i n  add i t i cna l  saaples before the  f inding can be considered 
s ign i f i can t  . 
Six  moni+,oriog w e l l s  close t o  the  216-BC c r i b s  were examined with a gamma 
s c i n t i l l a t i o r  probe. 
eviden+, i c  four of %he wells, -mi+, i n  t he  two scuthern wells ada i t iona l  downward 
migration of 10-15 feet was evident,. 
wits shcw5d measurakle ga.!nma, ac t . iv i ty  ov=r the  ectire depth t o  the water table ,  

No measurable dowward movement of gamma emit ters  was 

A new w e l l  aSout 50 feet  south of the 



c-5 FA- GO505 ' ' 

343 feet .  
the c loser  wells. 
the wastes from the 216-BC c r i b s  i n  a steeply-dipping southerly d i rec t ion .  

G a m  a c t i v i t y  cannot be detected a l l  the way t o  the water tab le  i n  
These data are in te rpre ted  t o  indicate  l a t e r a l  spreading of 

Disposal t o  Ground 

An ana lys i s  of the  h i s t o r i c a l  data on the Redox u6-s-1 and 2 c r i b s  was completed. 
Based on rad ioanaly t ica l  analyses and sediment cha rac t e r i s t i c s  of s o i l  samples a 
gocd cor re la t ion  was found between geological s t ruc tures  and d i rec t ions  of waste 
novement . 
t i o n  i n  defining the  d i s t r ibu t ion  and concentrations of  radionuclides i n  the 
vadose zone beneath the  200 Areas. 

It  was concluded that similar f i e l d  s tudies  and analyses have applica- 

Four soil column t e s t s  were performed t o  evaluate the capacity of the 216-5-20 
(SL - 1&2) c r i b .  
vclumes before strontium-90 breakthrough. 
average of these data, 8.4 column volumes would indicate  an estimated l i f e  f o r  
the c r i b  of 7.2 years .  The so lu t ions  used i n  these experiments were composited 
samples of 300 Area waste and Redox Laboratory waste i n  r a t i o s  of 9:l. Cesium 
breakthrough from these columns required nearly t en  times the throughput needed 
t o  achieve a strontium breakthrough. 

These experiments indicated 13.5, 11.0, 5.6, and 5.7 column 
A t  the present discharge rate the 

aa1ytica.l Services 

Chloride in t e r f e red  w i t h  the  determination of n i t r a t e  i n  water when the color- 
producing agent, 6 n i t r o  - 1, 2, 4 phenyldisulforic acid,  was used. S i lve r  sul- 
fate removed the  in te r fe rence .  With s i l v e r  present, however, ammonium hydroxide 
was preferred over the alkali  bases f o r  color  development. 

One l o t  of nine-ounce jars u ed f o r  vegetation sample containers was found t o  
contain 10-3 microcurie of KF;o (approx mately one gram f na tura l  potassium) per 
jar. me usual value is  less than lo-' microcurie of go. If not accounted far, 
the higher background would result i n  a many-fold increase i n  the reported K40 
c n ten t  of vegetation. 
$0 background of a J a r  from each new l a t .  

The e r r o r  w i l l  be prevented by regular ly  determining the 

TRANSURANIC EIEMEXT AM) FISSION PRODUCT RECOVERY 

Cerium and Promethium Recovery 

Additional rare e a r t h  double s u l f a t e  prec ip i ta t ion  experiments were conducted t o  
determine p rec ip i t a t e  volume, decontamination from other  f i s s i o n  products, and 
e f f e c t  of pH on cerium and promethium recovery yields .  Using conditions described 
las t  month, the centxifuged p rec ip i t a t e  volume was one per  cent  of t h e  1 W W  volume. 
Decontamination f a c t o r s  from ru thenim,  cesium, and zirconium-niobium were 1100, 
75, and 150, respect ively.  The high decontamination f a c t o r  from ruthenium, if  
subs tan t ia ted  by l i t e r  sca l e  runs and p lan t  tests, should a l l e v i a t e  the problem 
of ruthenium evolution i n  subsequent cerium-rare ea r th  separation. Varying the  
i c i t i a l  pH from a value of 0.12 t o  1 . 0  did not a f f e c t  recovery, which averaged 
ab631%-?96 per cent .  

1 2 4 0 4 1 2  
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The St r ike  a t  the  General Mills p l an t  has teen settled and work has resumed on 
the m i p u l a t o r  t o  be tested w i t h  the  f i s s i o n  product prototype. 
thz manipula%Gr i s  not expected befcre the  first week i n  July.  

Shipment on 

Durir,g the  month, t he  321-A Bdld ing  overhead crane system, which s u p p r t s  the 
General Mills manipulator acd i t s  carriage,  was ccmpleted by Minor Construction. 
IT: addi t ion t c  servirig the f i s s i c n  prcduct pmtcsype, the crane system w i l l  be 
useful  fer %he non-prodixtion f u e l  reprocessing' s tudies  and other s tudies  
cor,ducted ia the  321-A Building. 

The k tena ina t ic r?  cf Acid LL TBP Solutdons 

A d i r s c t  noc-aqueczue t i t ra ' , im methcd f o r  determiring the a c i d i t y  of Aurex 
crgacic sanples contaicing ursnium was developed. The acid sample is  t i t r a t E d  
ir, +%-ree m i l l i l 5 t e r s  of p u e  triGu$ylphospha5e w i t h  a standard 0.02 N solution 
?f' pcTassium methexi& i n  isopropyl alcohol. 
uzed fcr "pH" measuremer,fs against  a modified calomel reference electrode. 
reference electrcde was m d i f i e d  by p rwid ing  a salt  junction of a l a rge r  area 
consis t ing of a g lass  frit, and by subs t i tu t ing  methyl alcohol saturated with 
pstaasium chlcr ide f o r  the usual tiqtlpous salt bridge. The t i t r a t i o n s  are most 
corivsriiently rur. using a mctor drivec Gilmont micro buret  arid a chart  recorder. 
Smple s i zes  devn t n  50 micrc l i te rs  a r e  used. The breaks a t  the  ecd-point are 
ahout b5 m i l l i v c l ~ z  high, t l i e  t i t r a t i o n s  a r e  accurate and they can be repeated 
w i t h  a etacdard devis t ion cf a t  least f 0.01 N o r  abcut f 1.0 per cent f o r  a 
1.0 N sample. 
DibuTshosphste t i trates as a strong ac id  while ace t i c  ac id  does not t i t ra te .  
Varying the  concentration of uranium has no effect..  
t i t r a t e  as acids  ttLrsu@- hydrclysis,  but  t he i r  s c l u 3 i l i t y  i n  the Purex solvent 
i s  ins  i g d f  icant  . 

A standard glass e l e c t h e  i s  
The 

The metkcd does no% dis t inguisE betwseIi the  c o m n  miceral acids.  

I ron  and aluminum would 

The metho3 can be applied %.c +,he determination of the  a c i d i t y  of aqueous acid 
smples containiog uranium using an alcohol - TBP - benzene solvent, but it 
appears t r  he nc nore precise  ncr convenier;t. than +he usual oxalate ccmplexing 
me:hc2. In addi t ics ,  i roz  and a l d n m  int.erfere.  

EQUIPMENT &X! MATERIALS 

Miniasure cyclore separators are beicg investigated as possible replacements f o r  
+he primary off-gas f i l t e r s  used on the  23L-5 Building calciners ,  f luor ina tors  
srid chlcr ina tors .  ' 

Various modificatiocs cf a mi?A-eyzlone (1/2-inch diameter) were tested f o r  
rmc.viLg entrained powder frm air .  
32 per c e ~ t  were obtained f o r  a f i v e  micron dispersed s i l i c a  powder. 
were, cperated a t  ac enzrance ve loc i ty  of appraximately 50 feet  per seecnd. 
an8 bridqicg witkrir. the cyclones caused the poorer perf@-mafce. 
,to.lpinilnize o r  prevent brifiging are being irivestigated. 

Separation e f f ic ienc ies  ranging from 20 t o  
The cyclones 

Caking 
Currectly, methods 

. %  

4 0 L :  I 4  
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HAW Canned Motcr Screw pumE 

Testing of the  HAP0 canned motor screw pump was discontinued after 12,360 hcurs 
s u c c e s s m  operation i n  water. 
an9 wear measurements e 

high capacity pump capable of psssicg some par t icu la te  matter. 
developed f o r  possible use as a rec i rcu la t ion  pump f o r  dissolver  aclution. 
Since the pump employs process-solution lubricated bearings, spec ia l  bearing 
materials would be required t o  permit i t s  use i n  the  corrosive media which 
m i g h t  be encountered i n  the dfssclver  required f o r  the non-production fuel 
reprocessing program. 

The motor i s  being dismantled f o r  inspectLon 
P-e screw pump is  a low head (up t o  8 feet  of water), 

It has been 

Centr i fugat ior  Szudies 

Within +he next year cr  two, several  new centrifuge appl icat ions may develop 
a t  Hanfc-rd. Sgccial c r i t i c a l l y  safe eent r i f iges  may be reeded f o r  the 234-5 
Frogran: m d  the nor-producticr f u e l  reprozessing program, while o+,her cent r i -  
fuge d e a i p a  may be required t o  meet the spec i f ic  needs of the fiEsiOn product 
reccvery ~ P O ~ ~ L E .  
centr i fugat ien s tudies  required and the p i l o t  plant  equipment needed t o  permit 
spec i f ica t ion  of design c r i t e r i a  f o r  t he  product.ion p l a t  centrifuges.  

Currently, a study is  being made t o  determine the  p i l o t  plant  

Titanium Fa3r f c at. ion 

Technical ass is tance was given t o  Technical Shops i n  the fabricat ion of a 
t i tanium bot.tmn subassembly fo r  the Redox L-3 concentrator loop. 
c u l t i e s  were encountered i n  ge t t ing  good weld penetration, as indicated by 
radiographs of the completed welds. 
t.0 the ineqe r i ence  of some of the craftsmen involved, a welder qual i f icat ion 
program i s  being se% up f o r  t i tanium welding. 

Some d i f f i -  

Since the d i f f i c u l t i e s  are believed due 

Bc.rJd Pmel Mouitfnp; 

Samples of new hGOd panel msunting methods have been submitted t o  234-5 personnel 
f o r  comment.. 
v ices  m3. gasket mounting techniques which eliminate sharp edges and grooves 
where plutonium powders can accuuulate. 

The samples submitted incorporate "quick" panel replacemeot de- 

Plutcnium Oxide Chlorinator 

Screecing tests of a la rge  number of materials f o r  possible use under conditions 
expected i n  the plutonium oxide chlor inator  indica+&d promisingly low corrosion 
r a t e s  for Chlorime+,-2, Inco 8@4, Ni-o-nel, nickel,  Hastelloy B and Hastelloy C. 
Samples of these materials were exposed simultaneously t o  phosgene-air-water 
mixtures a t  LOO, 500, and 600 C t o  compare t h e i r  behavior under ident ica l  expos- 
ure ccnditions.  A l l  showed corrosion rates less than one m i l / m o .  a t  400 and 
5OC! C. 
having the  lowest. rates. 

Rates a t  600 C ranged from 2.3 t o  5.9 mils/mo. with nickel  and Chlorimet-2 
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Purex F-6 De-mister Pad 

A sample of 11 mil titanium wire (exact type -- A40, A55, or A70 -- unknown) 
was exposed to the vapor phase over boiling 6 M HNO 

mil 304-L stainless steel wire was exposed to the same environment. 
at a rate of about 0.02 mil/mo. during a 200 hour exposure. 
higher than expected for titanium and may be due to flaking of an oxide coating 
present on the wire. 

to determine its suitability 
as de-mister pad packing in the Purex F-6 concentra z or. A control sample of 20 

Both corroded 
The rate is somewhat 

Corrosion of Carpenter 20 and Carpenter 20Cb in Nitric Acid 

To determine their suitability for use in pump parts, corrosion rates for 
Carpenter 20 ax3 Carpenter 20 Cb in boiling 65 per cent HNO3 were determined. 
E3ot.h materials in the annealed condition 
a 200 hour expcsure. 
Carpenter 20 Cb at about 200 mils/mo. 
effect on the corrosion resistance of Carpenter 20 Cb to nitric acid. 
uder metA-stamped sample numbers on the sensitized samples were attacked much 
less rapidly than the remainder of the samples. 

corroded at about 0.7 mil/mo. during 

Cold working appears to have a beneficial 
Sensitized Carpenter 20 corroded at about 20 mils/mo. and 

Areas 

PROCESS CONTROL DEVELOPMENT 

- U03 Plant Automation 

The first phase of the calciner automation propam was completed with plant 
installation of the steam programmer on K-calciner. 
the steaming cycles and the automatic setting of a fixed set-point on the feed- 
recorder-controller during start-up. Very satisfactory operation of K-calciner 
has resulted since the installation of this unit. 

This programmer controls 

The construction and testing of the prototype control programmer for the complete 
autcmation of the calciners were completed this month. A few wiring and design 
changes were made to obtain the desired performance. For test purposes mockups 
csf the three servo units were used which operate about 50 times faster than the 
rate at which the final units will operate. 
bench tested, with 50 simulated start-up and shutdowns occurring per day. 

The programmer is presently being 

An "0" ring seal on one of the magnetic flowmeters at the U03 Plant failed after 
725 hours of use on 100 per cent UNB. 
seal was used in the unit rather than the specified Viton-A. 

It is suspected that a Buna-N electrode 

Polyvinyltoluene Scintillators 

Further tests with terphenyl-in-polyvinyltoluene phosphor have been performed. 
Exposure to 30 per cent tributylphosphate in spray base reduced the phosphor 
thickness frcm 0.060-inch to 0.043-inch in 24 hours. 
remainiig crystal performed about as well as a new one when exposed to an 
alpha source in air. 
the crystal performacce. 

After this test, the 

Neither erosion nor dissolution has apparent effect on 
No reduction of phosphor thickness occurred in five 

I Z U 4  1 b 
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clays expccure t c  a solution, of six mclar cikir, ac id  saturated with TBP. 
sligLt surface tackineEE exlsts, pro3ably duo t c  the ,'BP presen?. Teats a re  
ccr,)FIiuing t o  f u r t h e r  evaluate the usefulness of t h i s  material f c r  alpha 
c rur-t i c g  . 

A 

DK P r o h  I n s t a l l e d  i r z  E-?  Pwex 

A piI p r c k  dEsigLed as ar i s tegrab  part of" a jumper has been iristalled i n  the  
E - 3  +a& at, Purax. The u n i t  q g e a r s  +,c work sa t i ; fac tor i ly  and is  k i n g  c a l i -  
brat& -E. la?nra%ory pE vslues cf ea~gles cf t h e  tack coLtscts. 

SciiLn Reszvc i r  QavlLg. Inc,rt-gas blarketecl, -+,e=.-submerged ebwing of sodium 
pctass ~ L L I I :  ai.lc.;r (RaK 1 f i l l e d  C L ~ S : A . ~ ~  was nor_i;im%d tr coc.zluslvcly denc?l;edrate 
t.ke E U C C ~ S S ,  cf this rmkr.iqu.: ic eliniir.a+irLg NaK (cr Na) rc,servoirs frcm the 
ac t ive  ~e.c+Aons cf per reac%cr fuels> 
(12 gn./caFsA.e) w c c  e x p ~ A  ir; a €ingle blade pass (24 gm. m a x i m  instac-  
tal-rmx e:qoeur%) with t x c  -inch maximum vrFt5r submergeme aad a hslium-purged 
heel a tmsphere  crm+ainicq lsss th&E 5 per e.enta cxygen. Tbe ua1.1~1 dense white 
c l o u d  c,f oxide fume f o r m d  in the s a w  hood, but. LO fires cr explosims occurred. 
Pi.?, N a K  e m s u r e  r a t e  enccu te red  i n  the a5ove tes t  i s  a f a c t x r  of %wo grea te r  
%liar- tAe rate ccntemplated during productioc. cut.ticg cf" the P W  fuel rods. 

Loadings up zc 48 gr5m.s c.f NaX 

HyL-cg~n was Lot de%=cW21% vitk a ck-cmatograph on the saw hccd after a c u t  of 
over 20 grams cf NaX -6 mk. The deTection l i m i t  cf the chrcmtcgraph i s  
C . 2  p r  cent of H 

Feed Preparation 

i n  He .  2 

D r e x  h h r a t , c r y  StuCiies. 
m chlcride remcvLl &owe3 tha5 the  t e m i n a l  chlor ide cocceritraticc after prclonged 

Studies oc the  e f f e c t  of d i sse lver  sclu+,ion cornpositlion 

bc i l i ng  w i 5 k  ccncenfrated HN03 incrpase with szainlees  steel corceI;fration. H i g h  
ccseeL5ra:iors of' s~x~ir3esz  steel  (>l.25 M )  must be present fr prevect a t t a in ing  
~ ~ r n i m ~  C E L O P ~ ~ ! ~  ccLecctrat.ioLs of 0.1 g/T. cr less. me preserce o r  absence of 
uranium f ia i  li ' t le e f f e c t  (37: t h e  terminal chlcr ide caLcentratica a t ta inable .  

1 2 4 0 4 1 1  
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Darex P i l o t  Plant .  
uranium core (3/4-inch OD) fuel  elements were dissolved smoothly and completely 
i n  1 M HC1, 6 M HN03 i n  about seven hours. 

Chloride was removed from an 0.85 M stainless s teel  and 0.8 M U  solution by 
sparging with N02-3204 and air .  CBoride vo la t i l i zed  a t  t h e r a t e  of 0.1 mole 
chloride per  mole NO2 added. 
mole NO2 added u n t i l  the  solut ion reached 6.1 M H', after which no addi t ional  
increase was obtained. Terminal chloride conc&tration was 1 M compared w i t h  
0.2 M reported las t  month f o r  solut ions containing uranium but-no s t a in l e s s  
s t e e i .  

Ten s t a in l e s s  steel  c lad (10 m i l  w a l l  thickness) metall ic 

- - 

Acid was produced a t  the rate of 0.7 mole H+ per 

A Hastelloy F probe w i t h  a heat t r ans fe r  surface has been i n s t a l l e d  i n  the 
Darex p i l o t  p lan t  dissolver  f o r  seven weeks. 
m?. 244 hours a t  o r  near bo i l ing  the  probe showed a sharp corrosion band 1/16- 
i r s h  deep over an area 1/16-inch wide corresponding t o  t h e  vapor-Liquid in t e r -  
face.  Generalized p i t t i n g  t o  depths 1/16-inch was noted i n  an area surrounded 
by stagnant vapor. 
similar t o  t h a t  previously reported f o r  t he  Hastelloy F coupons exposed i n  
Darex system. 

After 623 hours a t  low temperature 

Areas exposed t o  l i q u i d  and vapor showed mild corrcsion 

A similar probe made of Hapes-25 showed comparatively l i t t l e  corrosion after 
six months i n  the Darex dissolver .  
i n  areas sens i t ized  by welding. 
vapw-l iquid in te r face .  

Corrosion of Haynes 25 w a s  most noticeable 
No p re fe ren t i a l  a t tach  wa,s noted a t  the  

Miflex P i l o t  P lan t .  
following information: 

Studies t o  date on the  Niflex process have developed the 

1. The react ion with 304 stainless steel  involves 0.6 mole of BN03 and three 
moles of HF per  mole of stainless s t e e l  i n  a downdraft dissolver system. 

2. Charge r a t io s ,  i .e.,  moles of f luor ide  per mole of s t a in l e s s  s t e e l ,  above 
f i v e  are required f o r  complete dissolut ion.  

3 .  Dissolution of 304 stainless steel averages 10 mils per hour during the 
f irst  hour of dissolut ion.  

4. Approximately 0.1 mole of hydrogen was liberated per mole 
steel  dissolved. Peak hydrogen evolution rate was 5 x lo-' lb. mole/(hr)(sq.f t )  
of stainless steel. 

CJrrosion of Hastelloy F containment vesse l  was severe. 

f stainless 

5. 

SulfPx Process 

Studies of t he  e f f e c t  of rad io lys i s  on the  rate of a t t ack  of fuel core materials 
by the  Sulfex medium ( d i l u t e  su l fur ic  ac id)  were extended t o  more highly irradi- 
ated uranium dioxide. It was found that uranium dioxide irradiated t o  a (calcu- 
l a t e d )  exposure of 3000 MWD/T and cooled f i v e  months was attacked by boi l ing  

1 2 4 0 4 l 8  
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4 M H s O 4  a t  a rate of only 0.02 per cerrt per hcur. 
es&t,ially iden t i ca l  t o  t h a t  found i n  earlier work with 500 W / T  uranium 
dif-sxide cocled nine months, despi te  the f a c t  t h a t  the measwed rad ia t ion  dose 
r a t e  w i ? h  the  present, mater ia l  is  grea te r  by a f a c t o r  of 7*5,  and within a 
f a c w r  of prcbably two t o  three  of t h a t  expected i n  the NPF prcgram. 

This corrosion rate i s  

Sulfex P i l o t  Plant .  
and r eca l ib ra t ioc  cf tiie equipment, is essen t i a l ly  cornpl5;ted. 
u d e r  way t o  begin p i l o t  rdns of the Sulfex prccess.  

Modification of the P i f lex  dissolver  has beer, conipleted, 
Preparations a r e  

Prelimicary h5kmpt.s t c  idez t i fy  %he ixz-molybdenum conplex formed when molybdenum 
OT U-Mo alloy is  dissclved ir: HKC3-Fe(NG3)3 invGlvp,d adsorption of the  conplex on 
z n x c  excksnge r E ; i L ,  IC f_k a5sence cf uraaiurr, i r o n  and mcly3demm were adsorbed 
on the res in  i n  a m l e  r a t i o  of onc tch s i x  (Fe/M3). 
(FP<EIC.Q+!~)-~ are repcrted ir: thp l i : rrature. 
preson+ are ccr.fused due +c ana ly t i ca l  diff icul+,iee.  

Salts cmta iz ing  the group 
&fa sc far obtained w i t h  uranium 

T ~ F  d i s so lu tAx  m+.e of U - 3  per rent ,  Mc a l l a y  in aluminw, jacket, renoval solu%ions 
(10 per csn: NaOE - 2’3 per cent, N a N Q 3 )  was fourid t o  be very l o w ,  During 30 minute 
~ x p o s u r e s  t c  +,he bcilirrg solut ioz,  t z e  average dissolut ion rate ms about 0.00015 
gm/( sq .cn. >( hr . ) . 
MN03-Fe(PrG3)3 apppsrc t~ bf: a sa t i s f ac to ry  prczedure for  dissolving the aluminun: 
c lad  U-Mo a l l ey  f u e l  scheduled f o r  repro-esofrg a t  HAPO. 

Thus, r*’aC)E-NaNQ3 declacding fcllowed by cclre dissolut ion i n  

Dizs s lu t io i  of Zircaloy-2 Tfie dissol-alar, of Zircaloy-2 ic ~ 0 3 - ~ - ~ ( ” 3 ) 3  
erJlutims was studied. 
w e l l  as a d i s s d u t i o n  r a t e  s+mdpoint ,  appears t o  be i n  the range of one t o  
thee mlar. selut ion,  Zircaloy-2 dis-  
sc lu t ion  rat>es decreaged f x . m  ab&t 15 to-2.5 mi?s?hr. as dissolved zirconium 
cc-ncentrazion iccreased from zero t o  0.25 M. 

Solvens Extrac tior, 

Optinum n i t r i c  ac id  coccentration, f r o n  a corrosion as 

1s a 2 M RNO3 - 1 M HF - 1 M A l ( N C  ) 

- 

Urazluc-Molybdenum Alloy Feeds. 
prezared by dissolut ion of U - 3  per cent  Mo a l l o y  were made t o  study the e f f e c t  
of feed a c i d i t y  an8 s a l t i n g  s t rength  under simulat.ed Redox solvent ex t rac t icn  
conditione,  
reduced gross beta an3 gamma decontamination in t he  f irst  cycle ,  
at. -0.3 M free ac id  (0.80 M U, 0.87 M Fe, 0.3 M Al), the gross beta and g a m  
d e s c n t d n a t i o n  were 1ower-b:r factor; of about-15 

Further mini-mixer-settler runs witk feeds 

As w i t h  Niflex and Darex feeds, increasing a c i d i t y  resulted i n  
With feeds 

o5 ta imd  i n  coritrcl runs simkat . ing current. Redex 
m m t .  of the rad ioac t iv i ty  ic She product streams. 

and 30, respectively,  than 
feeds.  Ruthenium contributed 
Changes i n  sa i t i ng  s t rength 
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had much l e s s  e f f e c t  on over-al l  decontamination than var ia t ions  i n  ac id i ty .  
Uranium and plutonium recovery was generally good (< 0.2 per cent loss) indica- 
t i n g  successful oxidation of plutonium. Greater than 90 per cent  of the neptun- 
ium present appeared i n  the  product s t r e w .  
product streams was l e s s  than f i v e  ppm. p a r t s  uranium. Extraction of dichromate 
was not observed i n  these runs i n  cont ras t  t o  observations during runs w i t h  high 
acid Darex and Niflex feeds. 
i f  feed ac id i ty  was -0.3 M o r  higher. 

Molybdenum concentration i n  the 

Aqueous r a f f ina t e s  were s tab le  toward prec ip i ta t ion  
- 

Alternate  Redox Solvents 

It has been previously reported that d ie thers  i n  which the two e ther  oxygens a r e  
separated by 4 t o  6-CH2-groups o f f e r  ce r t a in  a t t r ac t ions  over hexone as a Redox 
Plant  solvent.  Specif ical ly ,  they have s ign i f i can t ly  higher f lash points  than  
hexone and exhib i t  considerably b e t t e r  res is tance toward n i t r i c  acid.  

Recent work ind ica tes  these compounds may o f f e r  some advantage over hexone from 
the standpoint of f i s s i o n  product decontamination, as w e l l .  
made comparing uranium, zirconium-niobium, and ruthenium d i s t r ibu t ion  from ident i -  
c a l  aquecus solut ions in to  hexone and nine diethers .  With a d i l u t e  uranium solu- 
t ion  containing 1.5 M aluminum n i t r a t e  and adjusted t o  0.2 M ac id  def ic ien t ,  
uranium dis t r ibut ion-rat ios  ranged from about un i ty  with mezhoxy-butoxy pentane 
t o  27 with dimethoxypentane, vice about 4 f o r  hexone. 
r a t i o s  ranged from 0.0037 with methoxybutoxy pentane t o  0.019 with dimethoxy pen- 
tane,  v i ce  0.011 with hexone. Zirconium-niobium d i s t r ibu t ion  r a t i o s  v r i e d  i n  
a random ashion but  were roughly bracketed by the values of 4.1 x lo-’ and 
5.8 x lo-‘ obtained f o r  hexone with two d i f f e ren t  feed batches. With an acid- 
i f i e d  d i l u t e  uranium feed containing 1.5 M aluminum n i t r a t e ,  and 0.2 M n i t r i c  
acid,  uranium d i s t r ibu t ions  ranged from 2-for methoxybutoxy pentane tz 48 f o r  
dimethoxy pentane, vice 1 5  t o  19 f o r  hexone. 
from 0.12 f o r  methoxybutoxy pentane t o  2.4 f o r  dimethoxy hexane, vice 0.6 t o  0.7 
f o r  hexone. Zirconium-niobium d i s t r ibu t ions  were again scat tered,  ranging from 
0.016 f o r  methoxybutoxy pentane t o  0.5 f o r  dimethoxy pentane, vice 0.05 t o  0.07 
f o r  hexone. 

Batch contacts were 

Ruthenium d i s t r ibu t ion  

Ruthenium dis t r ibu t ions  ranged 

Distr ibut ion r a t i o s  f o r  plutonium( IV) and plutonium(V1) have not ye t  been measured. 
If these prove operable, it is planned t o  evaluate v i a  miniature mixer-sett ler 
s tud ies  the  decontamination po ten t i a l  f o r  such solvents i n  an acid first cycle 
followed by one or  more acid-def ic ient  cycles. 

Z i r f l ex  Waste Mobility. 
determined i n  semi-works scale  equipment (5-gallon head tank and 1/2-inch flow 
tube).  The so l id s  settled rapidly t o  20 per cent  of the total volume, Medium 
ag i t a t ion  was required t o  keep the  so l id s  suspended. 
through the  flow tube without d i f f i c u l t y  when t k  flow was turbulent (Reynolds 
number grea te r  than 2500). 

Flow propert ies  of neutral ized Z i r f l ex  waste were 

The s l u r r y  was transported 

-h 
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Materials of Constructicn 

Welding of Haetelloy F. 
F f i l l e r  wire) were annealed f o r  one hour g t  2100 F and water quenched. 
weldments were then given an addi t ional  one-hour anneal a t  temperatures ranging 
from 1400 t o  1900 F. In every case, the  addi t ional  heat treatment reduced cor- 
rosion resis tance of the weld m e t a l  t o  bo i l ing  1 E RNO3 - 1 M HF'. 
a t  1600 arid 1700 F shcwed, also, severe intergranular attack-on the base metal. 

A series of Ewte l loy  F reldments (welded with Hastelloy 
The 

Sanples annealed 

Hastelloy F weldments prepared by electron beam welding and by metal a rc  welding 
i n  a gloved box purged with helium showed the  same degree of preferen t ia l  weld 
mesal a t t ack  ir HN03-RF sclut ions as those welded by the  usual tungsten-inert  
gas techniques. 

AfTempts t o  determine cmposi t ion  of +,he segregated phase i n  Hastelloy F weld 
metal by means of the  microarc emission spectrograph were not successful. 

Sulfex. 
as S b s c  previousiy o?served fo r  Kastelloy F i n  H2SO4 ar;d HSOb-staicless s t a e l  
solurions.  
sclut ions.  

Welded ~ 3 .  annealed Haynes 25 tubing corroded a t  rates abou+, the same 

Preferen t ia l  weld m e t a l  a t t ack  occurred i n  the H$04-stainless steel 

- Darex. 
25 C w i t h  and without an air sparge. 
a'i?s?nce of bo i l ing  o r  air sparge. 
tbe solutior, was ttoil ing ar?d air sparged. 

Raszellcy F samples were expcsed t o  2 M HC1-5M HNO3 a t  boi l ing and a t  
Severe i z t e r f ace  a t tack  occurred in the 

No observable in te r face  a t tack  occurred when 

HNO?-Fe(YO3) Svstelns . 
i n  5 M HNO3 ?-(N0?)3. Ease metal corrosion rates were r e l a t ive ly  high (10- 
1 2  mils/mc.) f o r  bcth a loys i n  t h i s  solut ion a t  boi l ing.  The rates were reduced 
by decreasing ei+,her the f e r r i c  n i t r a t e  o r  the n i t r i c  ac id  concentration. 
observations point t o  the  ceed f o r  control led addition of one or both of these 
reagents dupilzg the dissclu5ion of U-Mo a l lcys .  
p re fe ren t i a l  atta.:k i n  t h i s  system. 

Both Ni-o-cel and Hastelloy F were corroded intergranular ly  

These 

Ni-c-ne1 weld metal showed no 

Process Control Developmerit 

Precisioz: Level Measurements. 
measuremen+,s on tank '2-4 is  zomplete. 
and dzained dry. A seslsitive e lec t ronic  r e l ay  connected t o  a gaging rod w i l l  be 
used as an accuracy stdndsrd t c  determine t h e  height of l i qu id  above the bottom 
of the  tar&. A hand operated lead-screw drive mves the  gaging rod ug and down. 
Two 150-inch precision manometers are used t o  read the tank l eve l ,  and one stand- 
ard 50-inch mar_ome+,er is  used t o  read the  specif ic  gravity.  
43-gaUon heavy water drum with dome ends i s  used f o r  the solut ion weigh-in 
measurements. 
way. 

Preparation of t he  equipment f o r  precisioc. l e v e l  
The tank i n t e r i o r  has been cleaned, flushed, 

A stainless s t e e l  

Sh.ak~-down tests of the  l e v e l  measurement equipment are now mder  

Boron Moritor. 
pressure drop charac te r i s t ics  equivalent t o  20 feet  of  2-inch schedule 40 pipe.  
The monitor will handle approximately three times i ts  design flow rate of 50 gpm.  
Fabrication of the uni t  i s  now un9er way i n  the technical shops. 

Flow tes ts  on the bcror, monitor are complete. The uni.t exhibi ts  

i 2 4 0 4 2  I 
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REACTOR DEVELOPMENT - 4000 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Preliminary experiments were performed with aged, s l i g h t l y  i r r ad ia t ed  U02 t o  
l ea rn  of  f i s s i o n  product behavior i n  the cycling of U02 through a RaC1-KC1 
molten salt phase by dissolut ion as U0$12 with chlorine and reprec ip i ta t ion  
as UOg with zinc. Although a c t i v i t y  of the  samples was low, Zr-Nb and Cs-Ba 
appear t o  have dissolved and remained i n  the salt phase throughout the experi- 
ment. 
%heir a c t i v i t i e s  were reduced ten-fold.  It is  not known whether they precipi-  
t a t ed  with the oxide o r  whether they were reduced by the zinc.  
behavior i s  cur ren t ly  being studied using a 10 t o  1 5  gram sample of s l i g h t l y  
enriched uranium exposed t o  900 MWD/T and cooled 150 days. 

Ru-Rh and Ce-Pr appeared in the  salt phase, but  on reduction with zinc 

Fiss ion product 

Further s tud ies  have shown that (1) U O8 r eac t s  almost completely with molten 
NaC1-KC1 i n  two hours t o  y i e ld  w h a t  i$ apparently UO2Cl2, (2)  UO dissolves 
r ead i ly  i n  the same salt under the  influence of HC1 t o  y i e ld  UO&l2, and 
(3)  UOg r eac t s  with chlorine i n  NaC1-KC1 eu tec t i c  a t  500 C giving the charac- 
t e r i s t i c  U0+2 solut ion;  w i t h  H C l  under the same condition U C l 4  i f  formed. 
Thus, by a su i t ab le  choice of halogenating agents it i s  possible t o  exercise 
some cont ro l  over the  dissolut ion cha rac t e r i s t i c s  of the  various uranium 
oxides, a f a c t  which may have process s ignif icance.  

An i n t e re s t ing  observation was the  very slow rate of a t t ack  of Zircaloy-2 by 
chlorine i n  molten NaC1-KC1 a t  TOO C .  
weight loss of only 2.7 per cent i n  two hours under these .conditions. 

A f r e sh ly  pickled piece suffered a 

Application of Molten S a l t  Cycling of UO, t o  Thorium Oxide Processing 

A separation f a c t o r  of 500 f o r  uranium from thorium was obtained i n  the  dissolut ion 
of a 5 : l  mixture of Tho2 and U02 by chlor inat ion i n  molten NaC1-KC1. 
w a s  only s l i g h t l y  dissolved during the  reaction. 

- 

The thorium 

A1C13-KC1 - System 

The results of a very ca re fu l ly  done study of the d i s t r ibu t ion  of uranium 
between molten aluminum and AlC13-KC1 phases i n  sealed evacuated quartz ampules 
agree very w e l l  with experiments performed i n  open tubes. It has been de f in i t e ly  
shown, however, that the aluminum chlor ide content of the salt phase as determined 
by aluminum analys is  i s  two t o  six per cent high because of the presence of alum- 
inum oxide which is soluble in hydrochloric acid, and thus analyzes as AlCl . 
o r  possibly air  oxidation. 
formed by p l o t t i n g  ac t in ide  d i s t r ibu t ion  as a function of AlC13/KC1 i n  the 
v i c i n i t y  of a r a t i o  of un i ty  where the  d i s t r ibu t ion  maximizes. 
where the function is  less sens i t i ve  the  r a t i o ,  the e f f e c t  i s  inconsequential. 

The o r ig in  of the soluble alumina is the  reac t ion  of aluminum m e t a l .  with s i  3 i c a  
This b i a s  results in an uncertainty of the  curve 

A t  other values 

. I._ 

u , *, 
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The separaficli fact.crs fcr uracium an3 plutccium as a fuc t ; i oL  of  the AlC13/KC1 
r a t i o  are, respectdvely, 29, 38, 47, 58, 75, and 102 a t  ra5ics of 0.4, 0.5, 0.6, 
0.7, 0.8, and 0.9. 

H i g h  Temperbture Spectrophctcmetrv 

The visi .blf  a rd  ult.raviGlsf absorption speztrum cf UO$lg i n  NaC1-KC1 eu,, f e e t i c  
shows strong akscrgt-ien h t  all wave 15Lgths except i r i  t he  v ic i r iSy  of 650 t o  
750 mu wh.ere skrong transrr&sicn cccurc. 
t c  850 C a decrease i; abs,c?psien and s h i f t  of the trarsmission peak t c  loziger 
wave lengths i. c b e r r c l .  
the p ~ l r  reg icr .  
a q u ~ ~ u s  wary: c,h_lc,-irle ~ c 2 ~ t i c s a .  

With increasing temperature froin 650 C 

What sp~esrs 50 5e fine structure is also observed i n  
T k  a':ccrp:ioz. mirrimurll 2ciL:ides w i t h  that. of t ke  spectrum of 

C m ~ ~ r u z - i s  fwme5 by 
stability at high t;empcr&';ures &xi i n  rigorous er.-rframente. 
vanir ie ,  f c r  exanplz, r~ ta i r i i~  i+,s i d e c t i t y  i n  mclter alkali ard su3limea under 
r d - ~ e d  pressure a t  503 C .  
m3e %c spit!hesize t% m a ~ h n  canpound by rea^+ing poydered urrezinm (prcduced 
via  the  hydride r c u t ? )  vi% phtha lccf tz i le  at 229 C. 
in ccr:c?ntra?eci e u l f u r i r  act?!, >ut yleldixg a blue preripi*&te OK di lu t ion  was 
cbb+,air,ed. 
phfhalcc yanirie, will Le ma %, . 

ac.t,Fm c f p t t h a l m i 5 r i l e  an2 pcwfiercrl. ~ ~ t ; a L c  have remarkable 
The copper phthalo- 

Eecause of possi3le uz5ful prcpert ies ,  ar? attempt was 

A purple  cmpowd scluble 

Furtk-er characYeriza5ior- of t h E  pro2uct, which ic probably uranium 

Radiant H e a t .  Spa.? Calcit&",ion 

The f irst  runc w i t h  8 neutralized 1 W W  waste w r E  car r ied  out during the month. 
Th? s l u r r i e s  U S S ~  corrrsponled t c  caustic r e x t r d i z a t i c s  of a high acid 1WW and 
col;sis+,ed of akcuf 7 M NaNC wi%h a slJEpersion of the hydrous 0x13'35 cf i ron ,  
aluminum, ctcomiun, a& n i d e l .  A Sigma fil;,ger pamp was used t 3  m v e  the  s lurry,  
aK3 t . 5 ~  skmiz ing  nozzle was equipped wit,> a clew-ouf  ceedi!e. No diffirult .y 
was ericmnrered i n  pumplag c r  atpmizirig tt-e s l w r y ,  but, t he  sodium ni t ra3e  coated 
??e will. of" the caliirer acd evenrually termfr;at.ed the nperaticn. The f a c t  that 
sodium nitra+,e rnelZ5 6: about, 300 C but  5ces zlof decompose appreciably a t  temper- 
a tu r s s  up t o  700 t o  e20 C ah:. makes calcinat ion of Leu5ralized was%e i n  paddle 
Trcugh ca lc i rxzs  o r  f h i 3 2 z e d  t e 3 s  v l r t u a l l v  impossible. 

Small scah e q e r i n e n t s  v e x  t k e ~  chrr ied out: t o  -%st several  ways ~f dezzroying 
r i t ra t2  ckernically. 
d a t e d  neutral ized waste ad. siigar was st.able fcr. days a+, 80 C, %ut  reacted 
readily at. 220 C .  
fPs.3. cor,c,airAing 250 g / l  sugar. Operatior was very smcot41, acd thzrn was l i t t l e  
s r  1?3 h i l d - u p  cf dust ni the walls. The product powcler (predcmirant.ly Na2C0 ) 
hsd a b7d.k de!rr:ty of 0.85 @/e? and fused at 860 C t c j  a conrpset glassy m e l t  J i t h  
a der;,city c?f 2.3 g d c c .  b e -  
S E L Z ~  of sme, s~nmcziti. ir. :he off-gas indiT-,ases that cver reductfcr, cf sone c f  the 

* nitrogen occurred, an3 t%t. it may be pozsiblc 50 decrease the q-dantizy of sugar. 

Additizlr cnf sugar was fcund t c  work SesC,. A mixture of sin- 

A rzul was acccr-iioglv made ic  the eighs-ilick u n i t  with a s lur ry  

Residual n i t r a t e  was very l o w  (gO.0015 per cent,). 

I 2 4 0 4 2 3  



c-17 Hw-60505 

Sulfate analyses have been obtained on the products of earlier acid feed runs. 
In the absence of additives, little or no sulfate was lost and the product was 
50 weight per cent sulfate. 
yielding 33 weight per cent sulfate. Addition of sugar to the feed decreased 
this to 15 per cent, implying chemical reduction of a portion of the sulfate. 

With phosphate addition, some sulfate was displaced, 

Mineral Reactions 

The possibility of demonstrating the decontamination of low-level wastes by a 
prototype installatim on the D-2 Redox stream was studied further, 
were performed to determine the source of the insoluble materials found in 
samples of D-2 waste. Four samples were found to contain 2.4, 4.5, 7.0, and 
5.9 ppm acid-insoluble solids. This solid appeared to be an effective scavenger 
for radioactive material in the waste. 
raw water used to cool the waste but may, in part, originate in entraine mater- 
ial from the evaporator. 
in an aluminum hydroxide precipitate in the D - 2  waste that scavenged 80 per cent 
of the radioactive material; part of the observed solid material is believed to 
originate by this entrainment. 

Experimelits 

The solids are probably introduced with 

It was found that an entrainment factor of resulted 

Studies were continued to determine the feasibility of using mineral reactions 
to decontaminate condensate streams which may originate from f'uels reprocessing 
plants and waste concentrating and fixation facilities. Economic studies were 
continued to determine the cost added to waste disposal processes using these 
reactions. Preliminary scoping of a facility for the scale-up studying of the 
mineral reactions was initiated so that the required capital investment can be 
estimated. 

Fluidized Bed Ion-Exchange Studies 

Eighteen breakthrough runs were made in the 4-inch-diameter by 6-foot-long glass 
column using Cs-134 as a tracer. Preliminary results indicate a possibility of 
satisfactory operation at bed expansions of ten per cent or less, corresponding 
to flow rates of 0.6 gal./(min.)(sq.ft.) or less. The values for holdback (a 
measure of the deviation from piston flow) obtained at upflow rates 0.6, 1.1, 
1.5, 2.4, and 3.6 gal./(min.)(sq.ft.) were, respectively, 0, 10, 40, 40, and 
100 per cent higher than at the corresponding downflow rates. 

Studies leading to values of transfer unit heights under the same variations in 
flow conditions have been initiated. 

Dissolver Off-Gas Analysis System 

A dessicant is needed in the Redox off-gas sampling system to reduce the relative 
humidity to 10 per cent without removing any ammonia. 
tested, since indications are that it will rexnve water without absorbing ammonia. 
Quicklime, slakelime, soda lime (mixed CaO and NaOH), and sodium or potassium 
hydroxide are other candidates, but they cannot be easily reactivated. 

Drierite (Casob) will be 

F 

1 2 4 0 4 2 4  



BIOLOGY AND MEDICINE - 6000 PROGRAM 

GeoloKv and Hydrology 

c -18 xu-60505 

The general pa t te rn  of d i rec t ions  of flow of the  Columbia River as it deposited 
the  near-surface p a r t  of the  f l u v i a t i l e  sediments has been determined from 
examination of the  i r regular  stream bedding i n  many open p i t s  over a period of 
years. 
t i ons  comparable t o  the  flow d i rec t ions  of the  r i v e r  as it incised i t s  channels 
i n to  the top of Ringold formation. 
flow di rec t ions  (Gable Butte and Gable Mountain) and sugge, ct.s t h a t  the in t e r -  
Iening sediments, between the top of the  Ringold and the  base of the p i t s ,  were 
deposited by atreams flowing i n  similar direct ions.  Inasmuch as the deposits 
frcm flowing streams are usual ly  both anisotropic and heterogeneous i n  ways 
d i r e c t l y  r e l a t ed  t o  the  direct ions of t he  r i v e r  flow, determination o f t h o s e  
6irecticr.s  during deposi+,icn and la ter  erosion of both the Ringold and Recent 
f l u v i a t i l e  sEdimerrts i s  valuable i n  the in te rpre ta t ion  of waste behavior and 
grGund va te r  flow data. Gross l o c a l  divergences between the  indicated flow pat- 
tern6 i n  the top of the  Ringold formation and i n  the  f l u v i a t i l e  sediments appear 
due t o  l o c a l  s f n c t u r a l  differences,  such as the  greater  o r  l e s s e r  ease cf 
erodabili+,y of ce r t a in  beds o r  facies ,  and the  e f f ec t  of thcse on subsequent 
d e p s i t i o n .  

An ana ly t i ca l  and numerical i t e r a t i o n  process were developed t o  evaluate the  
mathemazical representat icn of unsaturated f low beneath a c r ib .  
were t e s t ed  by comparison with measured data obtaired from a laboratory-scale 
model of a crib.  The results from the numerical method differed from the 
measured flow rates by from 0.4 per  cent  t o  4.0 per  cent, and the results from 
the  ana ly t i ca l  method differed from the  measured flow rates by from 0.6 per cent 
t o  63 per cent .  
compars better with those from a somewhat l a r g e r  model i n  which the  boundary 
condftions chosen for the ana ly t i ca l  solut ion were more applicable.  

Further laboratory experiments were conducted t o  t es t  the  centrifuge technique 
f o r  cstimatilzg s o i l  arairage,  
colzhnt of 10-gram samples of s o i l  subjected t o  500 grav i t i e s  f o r  one hour was 
16.7 per  cent  by weight. 
5-gram samples of s o i l  subjected t o  1000 g rav i t i e s  f o r  0.25 hour was 16.9 per 
cent by weight. 
tim5-drainage relat ionship:  

This disclosed, i n  the  v i c i n i t y  of the  Separations areas, flow direc- 

This implies regional controls  t o  those r ive r  

These techniques 

It i s  believed thst the  r e s u l t s  from the  ana ly t ica l  method would 

The average of 16  measurements of the  moisture 

That of 16 measurements of the moisture content of 

This agreement reaffirms the app l i cab i l i t y  of the gravity- 

when the  bed thickness - gravi ty  re la t ionship  is: 

Fai lure  t o  recognize t h e  importance of t he  bed thickness i n  earlier experiments 
l e d  t o  the  assumption t h a t  t he  centrifuge method did not give consis tent  results. 
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Soil Chemistry and Geochemistry 

The influence of temperature, flow rate, salt concentration, and pH on the 
adsorption of cesium from solution by clinoptilolite was studied for the low 
pH range. Under acid conditions the influence of those variables is much less 
pronounced than was observed for the high pH range. The Csf exchange capacity 
of clinoptilolite was found to be about 34 me per 100 g from 3 M NaNO3 solution. 
It remains essentially unchanged over the temperature range fro; 25 to 60 C and 
with column flow rates from 1700 to 5000 gal/ft2/day. Under these same conditions 
clinoptilolite has a Cs+ exchange capacity of about 75 from 1 M NaNO3 solutions. 
These capacities differed little over the pH range from 3 to 7: The sensitivity 
of the clinoptilolite capacity to conditions of the system at pH greater than 
11 is believed to be caused by an alkaline reaction with the silica matrix of 
the mineral. 

Adsorption of ionic cerium by soil occurs from pH 1.2 to 5.2. 
found of cerous hydroxide precipitation starting at pH 4.6 and essentially complete 
at pH 5.2. This precipitation occurs at concentrations as low as M. In 
low-salt systems the precipitate peptizes in the pH range from 9.8 to 12T2; 
peptization is prevented by 0.35 M sodium salt. 

Evidence was 

- 
Ground Waste Investigations 

A study was initiated to investigate problems associated with ground disposal of 
wastes from various of the new-type fuel elements being considered. 
was planned to study nickel-coated fuels. 

Initial work 

Strontium breakthrough tests were completed on two 47-foot soil columns. 
experiments were primarily intended to determine if the observed effect of column 
length continued over a wide range of column sizes or if the effect approached a 
m a x i m  for some particular column length. 
breakthrough curve continued to steepen with increasing column length even in 
these very long columns. 
rectical plate height or distance required to achieve equilibrium, it can be 
assumed that the increase in slope continues in still longer soil columns. 

These 

It was found that the slope of the 

Since these columns were long in relatior: to the theo- 

A 2-foot square field experimental crib facility was placed in operation, 
receiving a solution of calcium nitrate spiked with strontium-85. 
lies at somewhat less than fifteen feet. 
shallow wells driven into the ground water and used to monitor the behavior of 
the solution in the ground. A breakthrough of nitrate into these wells was de- 
tected when between 1300 and 2300 gallons of solution had been discharged. The 
first radiostrontium breakthrough was detected after disposal of less than 5000 
gallons. 
concentration in samples from the wells ranged up to 50 per cent of that in the 
influent. 
column experiments to predict the breakthrough of radioisotopes into the ground 

Ground water 
The facility is surrounded by seven 

After 8400 gal lons had been discharged to the site, the radiostrontium 

This experiment will help define the application of laboratory soil 

water beneath field disposal sites. 
the same solution and with soil from 
tive soil volume more than ten times 

On the basis of a laboratory column test of 
the same site, the model crib has an effec- 
that calculated from the area of the crib 
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acd the depth of the  s o i l  p ro f i l e .  
appl icable  t o  l a r g e r  facil i t ies because it includes the e f f e c t  of some forces ,  
such as cap i l l a ry  act ion,  which cannot be scaled. 

This f a c t o r  must not be considered d i r e c t l y  

F i e l d  Apparatus Development 

Refraction seismic s tudies  gave addi t iona l  strong support t o  t he  usefulness of 
t h i s  method f o r  determicing depth t o  basalt. 
phone and an improved l o c a l l y  assembled in t e rva l  timer addi t iona l  accurate 
measurements were made. 
by geophysical equipment firms, exce l len t  results should be more rapidly obtained. 

I n  tests ca r r i ed  out  using a geo- 

With the  more v e r s a t i l e  well-developed equipment offered 

Additional tests performed with the  repaired in-well permeability packer again 
suggested that water pumped in to  the packer cavi ty  was e i t h e r  by-passing the 
s e a l  elements o r  mcving rap id ly  along the casing, precluding measuremetit of in- 
place permeabili ty.  Although remedial measures are avai lable ,  t h e i r  complexity 
and expense would g rea t ly  reduce the value of the  method. 

Rup%u-e Monitoricg and Rupture Debris Characterization 

Previous c b r a c t e r i z a t i o n  of p a r t i c l e  s i zes  of uranium oxide during the failure 
of f u e l  elements i n  autoclave tests indicated that about 50 per cent  of t h i s  
material may be expected t o  be re ta ined  in the reac tor  e f f luen t  re ten t ion  basins.  
In  coritrasf, an evaluation of an earlier ana lys i s  of e f f luen t  re ten t ion  basin 
sludge (ammnt and ccncentration of f i s s i o n  products i n  100-D basin)  indicated 
that about 10 per cent  of t he  more soluble  f i s s i o n  products enter ing the basin 
had been re ta ined  as sedimented sludge. 
gested that the  assumption of zero e f f ic iency  f o r  permanent re ten t ion  by t h e  
basins  i s  a sa t i s f ac to ry  approximaticn when evaluating the s ignif icance of rup- 
ture debris i n  the CcslmBia River. 

Although data are meager, it is sug- 

Micromeritics 

Characterization of particles in t he  234-5 Building ven t i l a t ion  exhaust air  was 
e s s e n t i a l l y  completed. Plutonium o r  compounds of plutonium were present  almost 
e n t i r e l y  as d i sc ree t  particles less than one micron i n  diameter, i f  it i s  assumed 
that, the  p a r t i c l e s  a r e  spher ica l  i n  t h i s  s i z e  range. F i f t y  per cent  of t he  alpha 
emissions or ig ina ted  from particles with diameters greater than 0.57 micron and 
less than 0 . 9  micron. 
s t r ipp ing  film techniques and cascade impactor sample analysis .  O f  considerable 
i n t e r e s t  and signif icance was the observation t h a t  v i r t u a l l y  no alpha p a r t i c l e  
a c t i v i t y  associated with the  i n e r t  dus t  loading of the  exhaust air .  The i n e r t  
dust  was determined to be l a rge ly  Fe20 with a small  amount of i ron  present.  The 
data s t rongly suggest t h a t  corrosion o 1 clean metal surfaces is  occurring down- 
stream of the high ef f ic iency  f i l t e r s  even a f t e r  these surfaces have been several  
years i n  contact  with s ign i f i can t  quan t i t i e s  of p a r t i c l e s  of plutonium o r  i t s  
compounds 

The results were substant ia ted through nuclear t rack  

. -  
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The f e l t  disc  filter designed as a final f i l t e r  f o r  remving the smll par t i c l e s  
from f u e l  element cu t t i ng  operations showed good retent ion and capacity when 
tested i n  the  Radiometdlurgy Labcratory. 
a p r e - f i l t e r  recornended earlier. 

The fz l te r  w a s  used downstream from 

Radioisotopes i n  Reactor Cooling Water 

Eu152 (13 y half l i f e )  w a s  i den t i f i ed  as the  major long l i ved  rare ea r th  radio- 
isotope present on the  f i l m  i n  a reactor  p i g t a i l  which =E removed a f t e r  nearly 
1 5  years operation ic B reactor .  
second crly t o  Zn65 i n  a c t i v i t y  and more important than Zn65 w i t h  respect  t o  
gamma dGse rate. 

Comparative electrophcret ic  mobility s tud ies  indicate  tha t  the As76 i n  r e a c t m  
e f f luen t  wa",er as arsenate exis ts  af aI: e uil ibrium mixt,ure of H$sOb- ard HAsO4' 

ious acfd.  
sample t o  sample perhaps due %G slow c k n g e s  occurring p r i o r  t c  analysis .  

Several days a f t e r  reactor  shutdown it. i s  

ions .  The ncr, mobile f r a c t i o r  of the A s 7  % a c t i v i t y  is  pro3ably uuicnlzed arsen- 
The r e l a t i v e  arriounts of A:T6 as arsenate  and arseni te  var i5s  from 

Analysis of the react.cr e f f luen t  water off-gas reLeased t.hrough piping vents 
v e r i f i e d  t h a t  Xe137 was l o s t  from t. e reac tor  e f f luen t  water as woula be pre- 
d i  t ed  from the  measured 1css ~f Kr'g. The r a t i o  of %he daughter prcducts 
S r  8 9/Cs137 was found t o  be 210 as compared with a calciilat,ed value of 203. 

A permanent mul t ip l ie r  phototube rnountizg arrangement, f o r  a five-inch diameter 
three-inch t.hick sodium icdide s s i n t i l l a t i c n  c r y s t a l  was ccmpleted which gave a 
resolution of 8.5 per  cent  f o r  Cs137, This was accomplished by using four two- 
icch 6655A RCA photctubes. 
resolut ion.  
and g rea t ly  iocreases i%a u t i l i t y  f3r CQUlltfng radioisotope mixtures. 

A s k g l e  five-inch phototube gave only 11 per cent 
This improved resc lu t ion  increaees the  s e n s i t i v i t y  of t he  c r y s t a l  

Analy?.isal Services 

Tvcl-hubed microgram plutonium s m r c e s  were prepared f o r  Meteorology by d i r ec t  
evaporatioc onto slowly ro t a t ing  aluminum cone frusta. Prolonged heating under 
inf ra red  lamps and coatizlg with Krylcn gave adherem plutonium. 

Manager, I '  

Chemical Research & Development 

LP Bupp:bp 

' 4.. 
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BIOLOGY OPEIZAT I O N  

HW-60505 

A. ORGANIZATION AND PERSONNEL 

No s ign i f i can t  organization changes occurred during the month. 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIAIS - 2OOO PRDQRAM 

BIOLOGICAL MONITOFtDJQ 

Radio i o  dine Contamination 

Concentrations of 1131 in the  thyroid glands of jack rabbits were approximately 
three times l e s s  than those of  one year ago. Values follow: 

pc /g  wet thyroid Trend 
Locat ion Average Ma%inlum Factor 

b Miles SW of Redox 3 x 10-4 6 x 10-b - 
Wahluke Slope 4 x 10-b 

Prosser Barricade 4 104 * &  
Columbia River Contamination 

Concentrations of gross beta  emit ters  in  Columbia River organisms col lected 
a t  Hanford were about t he  same as one year ago. 
f o u w :  

Values of indbator organisms 

Sample Type 
pc/p wet weight 

Average Maximum 
Trend 
Factor 

Samples of aquatic organisms were co l lec ted  at the mouth of the Columbia 
River and along the  Oregon mi Washington coasts during the later pa r t  of April. 
Analyses of the radioisotopic content of this mater ia l  are now i n  progress. 

A linear re la t ionship  appears to exist between the  time salmon f ingerl ings are 
exposed to a suspension of C. columnaris and time required f o r  death. These 
data Will be extenled to i n x u d e  a re la t ionship of a number of organisms and 
t h e  of death so that t e s t i n g  f o r  v i ru l en t  strains may be more precise. 

As a s t e p  in obtaining mutation rates in C. columaris suscep t ib i l i t y  of the 
organism t o  a n t i b i o t i c s  was tested.  O f  &%e tes ted  aureomycin and erythrocin 
were most effect ive;  terramycin, distrycin, achroxuycin, and chloromycetim were 
intermediate; and sulfanilamide and streptomycin were lease effective.  Mutation 
t o  a n t i b i o t i c  res i s tance  w i l l  be evaluated to determine the mutational stability 
of the  organism after ewosure to ionizing radiation. 

1 2 4 0 4 3 2  UNCLASSIFIED 
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Fallout  Contamination 

Fission products occurred in rabb i t s  from the Hanford Reservation in the 
f o l la r ing  amounts : 

Sample Type 

Bone 
Feces 
Liver 
Muscle 

pc/g wet materials 
Average 

6 x 

8 x loW6 
3 x 10-5 

5 x 10-6 

Trend 
Factor 

Effect  of Reactor Eff luent  on Aquatic Organisms 

No monitoring of reac tor  e f f luent  was car r ied  out during t h e  month following 
a shut-down of the 100-KE reac tor .  
a t  the  end of the month, however, and a supply of fingerling-size t r o u t  was 
obtained from the University of Washington. 

Equipment w a s  in place f o r  a new t e s t  

Population Dynamics 

The annual nesting survey of Canada geese was completed. 
s l i g h t l y  l a t e r  than usual, probably because of colder temperatures. 
of  adults was again 98 per cent. 
and destruct ion r a t e  than those v i s i t e d  but once. 

Hatching occurred 
F e r t i l i t y  

Nests v i s i t e d  weekly had a greater  desertion 

BIOLOGY AND IrIEDICINE - 6OOO PRCGRAM 

METIIBOLISM, 

Strontium 

TOXICITY, AIm OF Raj IOAC TIVE 

Four groups of rainbow t r o u t  were acclimatized f o r  a study of rad ia t ion  damage 
from Sr90-90 to be administered v i a  intramuscular inject ion.  This experiment 
w i l l  s tar t  t h e  first of next month. 

No deviation f r o m  t he  pre-exposure hematological values was noted during the 
f i r s t  three months in miniature swine fed  1, 5 and 25 pc  SrSo  dafiy. 

Tm 75-Kg miniature swine (adul t s )  were prepared as standards f o r  ca l ibra t ing  the  
la rge  animal monitor by i n j ec t ing  them With radiostrontium and t h  

and t he  other 1,000 p c  Sr90y90 (equilibrium mixture) by t h e  same route.  
bas i s  of  preliminary t e s t s ,  it appears we w i l l  not  be able t o  de tec t  body burdens 
below 25 pc of Sr9O even during reac tor  shutdown. 

sacr i f ic ing  

On the 
and embalming them 24 hours l a t e r .  One animal received 200 p c  Sr 89 intravenously 

UNCLASSIFIED 



UNCLASSIFIED D-3 HW-6050S 

Bean p lan ts  grown i n  nut r ien t  solut ions containing widely differing r a t i o s  
of strontium and calcium contained e s sen t i a l ly  the  same r a t i o  of these two ions 
in the whole p l an t  as in the  nu t r i en t  solution. 
discrimination within the  p lan t  with a d i f f e ren t i a l  re ten t ion  during t ransport  
to leaves,  
intermediate. 
suggestion of p re fe ren t i a l  uptake of Sr  over Ca. 

"here was some evidence of 

Roots had a higher Sr/Ca r a t i o  than found in  leaves with stems 
A t  the  lowest nu t r i en t  r a t i o s  of Sr/Ca there  was a s l i g h t  

Iodine - 
A second ewe f e d  1.5 pc of 1131 dai ly  f o r  the  pas t  four  and one ha l f  years 
( a f t e r  being born t o  and weaned from a dam on the same radioiodine r eghen)  
manifested a thyroid tumor a t  autopsy. 
hyperplastic and the  adenomas arose in multiple sites. 
pa t te rn  was suggestive of a response of a gland t o  ex terna l  stimulation, w i t h  
the  hyperplasia i n  c e r t a i n  areas going to neoplasia. 
t h a t  the external  s t h u l a t i o n  of the  thyroid probably stems from an increase 
of thyroid-stirmrlating hormone (TSH) of the p i tu i ta ry .  
a tumorigenic optimum dai ly  l e v e l  of radioiodine which causes a very m i l d  
hgpothyroidism leading t o  increased TSH production. 
s l i gh t ly  damaged gland which responds w i t h  hyperplasia.) 

Cesium 

Having previously found t h a t  increasing the potass concentration in the 
nu t r i en t  so lu t ion  100 f o l d  on1 halved uptake of Cs v7, a similar test w a s  

concentration of Rb f i v e  t o  tenfold w i t h  a concurrent increase of 2 t o  3 in 
potassium concentration. This suggests tha t ,  uhile uptake of cs and K are 
near ly  independent, there  is a p a r t i a l  in te rac t ion  of K on Rb. 
Cs appear t o  be ideal t r ace r s  f o r  K in that  the observed r a t i o  (Rb/K)plant/(Rb/K) 
subs t ra te  is not  constant. 

T'ne thyroid t i s s u e  of both animals was 
The h is to logic  

we assume without COnfhat iOn 

( I t  appears there  may be 

This in turn  a c t s  on a 

. 
made using Rb86 i n  @ c e  of Cs 9 37, Increasing potassium 100 f o l d  reduced p lan t  

Neither Rb nor 

Plutonium 

Complete hematological data were obtained i n  r a t s  at in t e rva l s  from one hour 
to ZO days following in j ec t ion  of 6 p c  Pu239, 9 0  r x-ray, and combined 
plutonium and x-ray treatment. Depression of the hemoglobin, hematocrit and 
erythrocyte counts w a s  most marked in animals receiving the  combined treatment. 
The decrease in lymphocyte and total leukocyte counts occurred earlier and 
wi th  grea te r  s eve r i ty  following x- i r rad ia t ion  than following plutonium injection. 
Recovery, however, was apparent only  i n  those animals receiving x-ray treatment 
only. Recovery of the depressed neutrophil  count also occurred in the x-ray 
only animals, but no t  in those which received plutonium. Rats which were Injected 
with 1 pc of plutonium and subsequently subjected t o  100 r x-ray per  week have now 
accumulated a t o t a l  of 1300 r without obvious differences from animals receiving 
the  x-radiation only. 

% 

Further data  were obtained on the ef f icacy  of la rge  o r a l  doses of DWA i n  removing 
freshly deposited plutonium from rats. 
a t  pHls varying from 3.h t o  7 and w i t h  Ca added as calcium gluconate or  incorporated 
as the DTPA salt. 

DTPA was administered a t  a 11 */kg dose 

Skele ta l  r e t en t ion  was reduced approximately 8 fold .ad l i v e r  
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re ten t ion  approximately x) f o l d  by a l l  treatments. A l l  treatments resu l ted  in  
severe diarrhea,  bu t  animals were mostly back t o  normal within 3 days except 
f o r  the treatment a t  pH 3.4 which proved f a t a l  t o  6 out of 7 animals. ' h o  out 
of 7 animals died as a r e s u l t  of pH 7 treatment with combined DTPA and calcium 
gluconate. The l e a s t  tox ic  treatment and the  only  treatment which resul ted in 
no weight loss  over a $day period was t h a t  a t  pH 5 where the  mater ia l  administered 
has t h e  composition CaH1.LN% 6DTPA. 

Radioactive Pa r t i c l e s  

Additional mice were k i l l e d  500 t o  ,x) days after inhalat ion of ~ ~ 2 3 9 0 2  and 
Sr9'=4. 
hemorragic lymph nodes, ht no marked lung pathology. 

Gross pathology included several  lymphomas, c y s t i c  l i v e r ,  and 

Five dogs inha l ing  plutonium oxide are being monitored weekly with the whole- 
bo* dog monitor. 
re tent ion w a s  exponential w i t h  a h a l f - l i f e  of about six weeks. 

From the second t o  the s i x t h  week after exposure the lung 

Six hundred and twenty mice were exposed to d i f f e ren t  aerosol concentrations of 
pu23902 t o  determine t h e  acute l e t h a l  dose f o r  inhaled plutonium. 

Gastrointest inal  Radiation In jury  

A method has been developed to determine absorption from t h e  gas t ro in tes t ina l  
t r a c t  @ s i t u  under control led conditions. The apparatus provides a constant 
f low of p s s a t e  through a sect ion of the i n t e s t i n e  a t  a constant temperature 
and constant intraluminal pressure. 
preliminary f o r  the purpose of developing and exploring the  p o t e n t i a l i t i e s  of 
the  procedure, evidence was obtained f o r  an 60% reduction in glucose absorption 
3 days after x- i r rad ia t ion  (1500 r) of the ex ter ior ized  in t e s t ine .  This method 
should prove widely applicable in s tudies  of radioisotope absorption as influenced 
by a va r i e ty  of physiological or n u t r i t i o n a l  factors .  

While experiments have thus  f a r  been 

Microbiological Studies 

Fixation of past cells in Os04 produces mater ia l  which sect ions well  but which 
does not  allow as good d i f f e ren t i a t ion  of c e l l u l a r  s t ruc ture  as does f ixa t ion  i n  
m O 4 .  
show the  cel l  w a l l  aa a vesicular  s t ruc ture  and a cent ra l  membrane typical  of a 
nuclear membrane. Structures  within the nuclear membrane are suggestive of 
chromosomes but their pos i t ive  iden t i f i ca t ion  K i l l  have t o  await t e s t s  with 
t r i t i a t e d  thymidine. 

Cel l s  fixed i n  gMno4, sectioned, ard examined under the electron microscope 

Adding erioglaucine to yeast c e l l  suspensions during i r r a d i a t i o n  did not  
change t h e  frequency of inviable  c e l l s .  Erioglaucine was used in  concentrations 

1 2 4 0 4 3 5  
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similar to those used w i t h  cytochrome c which produced a 20 per cent reduction 
of k i l l i n g  

The cytochrome 
whereas normal 

1 2 1 r O U 3 b  

c oxidase was inactive in cytochrome deficient yeast strains 
strains had a very active oxidase. 

BIOLOGY OPEFLATION 
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D. Lectures 

a, Papers presented a t  Meetings 

L. A. Temple, 5/18/59, "Tumorigenicity of  intrat racheal ly  injected radioactive 
pa r t i c l e s  i n  mice," Radiation Research Society, Pittsburgh, Pa. 

v, H . Smith, 5/18/59, llRemoval of in te rna l ly  deposited plutonium, tl Radiation 
Research Society, Pittsburgh, Pennsylvania. 

b. Off-Site Seminars 

W. J. Clarke, 5/7/59, "Radiotoxicology, Class in k t e r i n a r y  Toxicology, 
WSC, Pullman, Washington, 

V. G. Horstman, 5/19/59, llRadiobiology at Hanford,'I Richland Chapter of FFA, 
Richland, Washington 

R. F. Foster, 5/12/59, llAquatic biological problems associated with radioactive 
waste d i s p o s d , "  Washington S ta t e  College, Pullman, Wash. (exchange seminar) 

C ,  Biology Seminars 

R .  T. O'Brien, "Radiation effects on ion t ransport  i n  yeast", 5/13/59. 

M. F. Sullivan, "Nucleic acid metabolism and radiosensit ivity," 5/20/59 . 
E . Public a t  ions 

a. HW Publications ( in te rna l  dis t r ibut ion)  

None 

b. Publications (external dis t r ibut ion)  

Xornberg, H.A., "On the Passage of Pairs and Elements Through Food Chains,I1 
Document HW-60127 (UNCLASSIFIED) May 1, 1959 (in press).  

C. Open Li terature  

None 
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION 
MONTHLY REPORT 

m y ,  1959 

ORGANIZATION AND PERSONNEL 

Clee L. Childress was t ransfer red  from Electronic Data Processing Operation 
of the  Contract and Accounting Operation as a Mathematician, e f fec t ive  
June 1, 1959. 

OPERATIONS RESEARCH ACTIVITIES 

Input -Output Simulation Model 

The general  computing program f o r  models of this t w e  i s  v i r t u a l l y  complete. 
Since t h i s  system i s  a general izat ion of the c l a s s i ca l  l e a s t  squares re-  
gression problem, it w i l l  be useful  i n  connection with many standard statis- 
t i c a l  curve f i t t i n g  problems i n  addi t ion t o  the  special ized use f o r  which 
it was formulated. 

The present  s tage of development work required t o  u t i l i z e  the generalized 
c l a s s i c a l  l i n e a r  methods of estimation i n  connection with the  invest igat ion 
of causal  in te r re la t ionships  has been completed and emphasis w i l l  now be 
placed on the  u t i l i z a t i o n  d f  these techniques t o  formulate p l a n t  models. 
A repor t  sunnnarizing the  work t o  date  has been wri t ten and w i l l  be used as 
a basis f o r  the presentat ion t o  Operations Research personnel from other 
GE components. 

OPERATIONS ANALYSIS STUDIES 

Redox Dissolver Study 

The bas ic  techniques developed i n  connection with the  input-output simu- 
l a t i o n  model are being used t o  study an operational problem i n  the Redox 
p lan t .  Although the  basic  data t o  which these methods are being applied 
have been obtained, there are s t i l l  d i f f i c u l t i e s  i n  t h i s  connection which 
must be reeolved before t e s t i n g  can begin. 
of po ten t i a l  models have been formulated through discussion with the CPD 
personnel involved. 

I n  the meantime, a l a rge  number 

Z Plan t  Information Study 

On Wednesday, May 6, 1959, a complete progress report  was presented by 
the  study team to in te res ted  managers. 
tha t  progress t o  t h i s  point  was acceptable, and that the  e f for t  would 
continue with f u l l  support along the  course proposed. 
program for  t h e  APFt was reviewed with the  IBM customer-engineer and the 

A t  t h i s  time the team was informed 

On May 26 the 

I 2 4 0 r i = 3 9  
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o f f i c i a l  re lease  f o r  equipment assembly was given by authorizat ion from 
A .  E. Smith of the  Research and Development Operation, CPD. 

Present  e f f o r t  is being directed toward defining the  information output 
required of the tes t  svstem so that  709 programming can be accomplished, 
the design of production equipment modifications necessary f o r  mechanical 
data recording, and the design of a cornmicat ions system between the  
process l i n e  and the  cen t r a l  recording s t a t ion .  

FPD Process Control and Experimentation 

Data resu l t ing  from f u r t h e r  runs conducted a t  the p i l o t  p lan t  i n  connection 
with loca t ing  the optimum preheat-submerge cycle were analyzed. These 
represented p a r t i a l  data from a 33 experiment i n  which s i l i c o n  content 
i n  the canning bath was the t h i r d  var iable .  
the r e s u l t s  of t h i s  p a r t i a l  analysis .  
f o r  analysis .  

A repor t  was issued discussing 
The remaining data a re  now available 

Qual i ty  Cer t i f i ca t ion  Program 

An accelerated sampling and measuring progran was undertaken during the  
middle of May i n  order t o  more quickly provide data necessary i n  connection 
with s e t t i n g  up the qua l i ty  s e r t i f i c a t i o n  program. 
consisted of t o t a l  ex te rna l  bond counts, res idual  can w a l l  and tube w a l l  
thicknesses, and destruct ive t e s t  r e s u l t s  associated with the  in t eg r i ty  
of t he  bonding l aye r .  
t o  determine the reproducibi l i ty  of the bond counter. Firm proposals as 
t o  the required sample s i zes  and me+,hods of data recording should be ob- 
ta ined from t h e  ana lys i s  of these dats. 

The data obtained 

Repeat bond count measurements were taken i n  order 

Fuel  Element Fa i lures  

A report  was issued summarizing the r e s u l t s  of the analysis  of rupture 
index data. O f  p r inc ipa l  i n t e r e s t  was the  relat ionship between the 
rupture index and the corrosion index of a given tube. 
b i l i t y  associated with the rupture index obscured any re la t ionship  that 
one m i g h t  expect t o  f ind  based on theore t ica l  considerations. 

The l a r g e  var ia-  

An ana lys i s  was made of hot  spot and warp da ta  from several  production 
t e s t s .  
c e n t r a l  port ion of t he  tubes where r ib  marks were more r ead i ly  discernible,  
since the loca t ion  of the warp and hot  spots was of in+,erest. 
make it possible  t o  p red ic t  what e f f e c t  reducing the warp by a given 
amount should have on the  frequency of hot  spots, and hence, presumably, 
on the hot spot  f a i l u r e  rate. 

It had been decided previously t o  r e s t r i c t  the study t o  the  

The r e s u l t s  

Reactor Calculations 

I n  view of the i n t e r e s t  being shown i n  connection with t h i s  study con- 
cerned with the accuracy of reactor  power l eve l  determination and 
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recording, a preliminary repor t  w i l l  be issued soon covering several  
aspects  of t he  work such as possible  sources of e r ror ,  t h e i r  po ten t i a l  
e f f e c t s  on the  ca lcu la t ion  of power leve ls ,  and how one might obtain 
est imates  of these e r ro r s .  

Process Tube Leaks 

Probolog data from F reactor  since January, 1958, indicat ive of the  
amount of ex terna l  corrosion experienced by a given tube were analyzed. 
The purpose of t h i s  analysis  was t o  determine how one can b e s t  charac- 
t e r i z e  tubes l i k e l y  t o  show severe ex terna l  corrosion, and hence become 
good candidates f o r  a tube leak.  Many var iables  a re  involved, but  it 
appears t h a t  t i m e  i n  the  reactor  p l u s  general loca t ion  of the process 
tube may permit more e f f i c i e n t  scheduling of the probologging operation. 
A repor t  was issued summarizing results thus far obtained, and indicat ing 
areas of f u t u r e  study. 

CPD Control 

The study undertaken t o  loca t e  sources of va r i a t ion  a f fec t ing  mater ia l  
control i n  the PRO dissolvers  was continued. This problem i s  important 
from a c r i t i c a l i t y  as well a s  from an accountabi l i ty  viewpoint. 
cant trends i n  percent recovery of d i f f e ren t  batches, undesirably la rge  
between batch var ia t ion,  and appreciable hee l  buildups have been detected.  

Signif i -  

Radiation Protect ion Studies 

A r epor t  describing the  type of experimentation and results t o  be expected 
during the course of t h e  study was issued. A second repor t  describing the  
r e s u l t s  of an experiment conducted t o  evaluate the i so t ropic  nature of 
the  radium gamma ca l ib ra t ion  source w i l l  be issued ea r ly  i n  June. 
experiment designed t o  evaluate  the e f f e c t s  of exposure t i m e  and dis tance 
on the inverse square law was p a r t i a l l y  completed during the repor t  period. 
The f i l m  has been developed and i s  now waiting t o  be read on the  densitometer. 

An 

Discussions were held with “Ihposure Evaluation and Records Operation con- 
cerning the a l loca t ion  of the  gamma ca l ib ra t ion  f i l m  set t o  t h e  range 0 - 
1000 mr. so as t o  maximize the precis ion of estimating in tegra ted  dose i n  
the  L 3 r per  year range’. 

Sy s terns R e 1  iab il i t y  

The Research and Engineering Operation of IPD has requested t h a t  work on 
a systems r e l i a b i l i t y  study of t he  K reactors  i n i t i a t e d  by CE & U be 
continued and extended as an operations ana lys i s  program. I n  connection 
with previous work, t he  r e l i a b i l i t y  formula which was f i n a l l y  derived 
was found t o  be extremely cumbersome. For purposes of a preliminary 
crude estimate of 25-year r e l i a b i l i t y ,  the formula was d r a s t i c a l l y  
s implif ied so t h a t  it could reasonably be t r ea t ed  with a desk ca lcu la tor .  

I 2 4 0 l l t l  I 
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Since the  number-obtained was not un rea l i s t i c ,  it was decided t h a t  the  
complete formula should be programmed f o r  d i g i t a l  computation. 

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HLO 

2000 Program - Metallurgy 

Consultation continued with Fuels Design Operation coIcerning the  
s t a t i s t i c a l  ana lys i s  of a recent  notch bend experiment t o  inves t iga te  
f r a c t u r e  moment and f r ac tu re  angle of zircaloy-2 as a funct ion of notch 
or ientat ion,  temperature, percent cold work, and hydrogen content.  
Questions about the theo re t i ca l  implications underlying the use of the 
ana lys i s  of co-variance t o  cor rec t  t o  a uniform notch depth were answered, 
and a method of analyzing corrected data by means of a non-orthogonal 
analysis  of variance was devised. 

Personnel of Physical Metallurgy Operation have noted t h a t  e lec t ron  
micrographs of irradiated t h i n  uranium plates possess t racks  of varying 
lengths,  the number of t racks  per  photograph increasing with i r r ad ia t ion  
t i m e .  
energy f i s s i o n  fragments; and the  observed t rack  length i s  the project ion 
normal t o  the plane of the micrograph of the  distance that t h e  f i s s i o n  
fragment t raveled i n  the uranium p l a t e  following the  f i s s i o n  process. To 
test  t h i s  hypothesis the d i s t r ibu t ion  function of t he  projected f i s s ion  
fragment t rack  length was derived. Empirical d i s t r ibu t ions  are being 
compared with the theo re t i ca l  model. 

One possible  explanation is t h a t  the t racks  were l e f t  by high 

4000 Program - Swelling Studies 

Study continued on the  mathematical model f o r  the d i s t r ibu t ion  of inert 
gas bubble centers  with respect  t o  the in te r face  of a cross-sectioned 
irradiated uranium cyl inder .  More experimental data are being obtained 
i n  an e f f o r t  t o  discover t h e  relat ionship between apparent bubble d is -  
t o r t i o n  and the  annealing and etching processes i n  sample preparation. 
Comparison of void f r ac t ion  estimates calculated from observed bubble 
d i s t r ibu t ions  i n  the  pre- and post-annealed states agree t o  within 
experimental e r ro r  with measured dens i t i e s  which ind ica tes  t h a t  dis- 
to r t ion ,  while ex is ten t ,  i s  not su f f i c i en t  t o  a f f e c t  se r ious ly  the 
in te rpre ta t ion  of the micrographs. 

4000 Program - Plutonium Recycle 

Ceramic Fuels Development Operation i s  i n  the  process of ca l ib ra t ing  
t h e i r  gamma ray densitometer f o r  t he  density measurement of PRTR f u e l  
rods. Cal ibrat ion curves and accompanying precis ion statements were 
constructed f o r  t he  estimation of U02 density as a function of gamma 
ray  densitometer sca le  reading and’fuel  rod diameter. 

S t a t i s t i c a l  ana lys i s  was i n i t i a t e d  of data from the  recent  PRTR con- 
tainment vessel  t es t  i n  order t o  determine the precis ion of leakage 
r a t e  estimates.  



E-5 HW-60505 

6OCO Program - Biology 'Research 

A j o i n t  meeting was held with Radioecology Operation and Data Processing 
Operation t o  consider t he  f e a s i b i l i t y  of programming an i t e r a t i o n  scheme 
f o r  the least  squares estimation of the parameters occurring i n  a l i nea r  
combination of exponentials. 
t o  data from an experiment i n  which radioact ive cesium was administered 
t o  an aquatic community. 

It i s  proposed t o  f i t  t h i s  type of model 

Work continued on the  s t a t i s t i c a l  treatment of mortal i ty  data from 
miscellaneous f i s h  tests. Best c r i t i c a l  regions which are similar, i n  
the N e p n  sense, t o  t h e  sample space have been derived f o r  tes ts  of a 
c e r t a i n  c l a s s  of sta5istical hypotheses regarding f i s h  mortal i ty .  

6000 Program - Atmospherin, Diffusion Studies  

Wcrk continued on the  der ivat ion of s t a t i s t i c a l  techniques f o r  data 
ana lys i s  of t he  penCing A i r  Fcrce-AEC diffusion and deposit ion study t o  
be conducted on the  Hanford reservat icn.  Non-parametric techniques f o r  
estimating crcssed-wind d i s t r i b u t i e n a l  parameters, v e r t i c a l  d i s t r i -  
bu t iona l  parameters, and t o t a l  f l ux  parameters have t een  developed up 
to cer%ain ca l ib ra t i an  information which it i s  hoped w i l l  be ava i lab le  
later t h i s  month from i n i t i a l  d i f fus ion  experiments. 
is  di rec ted  toward understanding the  physics of the  alpha energized 
zinc-sulphide p a r t i c l e  s m n t e r  which w i l l  be used t o  measure the p a r t i c l e  
Concentration on f i l t e r  sampies, so t h a t  the  precis ion of individual  
sample f l u x  estimates can be ascertained. 

Current e f f o r t  

600~ ProRram - Eiophysics Research 

I n  connection with the ca l ib ra t ion  of the  whole body monitor, the  problem 
was considered of eptimizing s e n s i t i v i t y  f o r  a par t i cu la r  isotope as a 
function of the  port ion of t he  energy peak scanned. 
provided i n  terms of the pos i t ion  of the peak of the energy spec%rum 
and the  instrument resolut ion fo r  a spec i f ic  isotope. 

The so lu t ion  was 

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER W O  COMPONENTS 

Fuels  Preparation Department 

Minor in jury  cont ro l  char t s  were prepared f o r  FPD based on data from the 
p a s t  two years. 
each group, t he  general  cause of accidents was considered t o  be common. 

In ju r i e s  were categorized i n t o  four groupss where, within 

Chemical Processinp Department 

A c lose  watch is  being maintained on f inal product pu r i ty  data t o  insure 
t h a t  spec i f ica t ions  based cn quar te r ly  tolerance statements w i l l  be m e t .  

1 2 4 0 4 1 l 3  
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Several nomographs were prepared as aids i n  the rout ine appl icat ion of 
mathematical formulae which a r e  used i n  inventory control .  

The ana lys i s  performed t o  determine whether the neutron emission rate of 
a given material is  r e l a t ed  t o  the  welght o r  volume of the  batch i n  
question was completed, and a repor t  was wri t ten.  

Construction Eng. and U t i l i t i e s  Operation 

A method for  evaluating the v a r i a b i l i t y  associated with fa i r  cos t  es t i -  
mates was devised f o r  t he  Estimating Operation. The method i s  present ly  
being applied to  each fa i r  cos t  estimate t o  gain operating experience i n  
i t s  use. 

Contxact and Accounting Operation 

A paper, I'Some S t a t i s t i c a l  Aspects of B-PID's and Ending Inventories," was 
presented a t  the  1959 AEC-Contractor's SS Materials Management Meeting i n  
Gemntown, Maryland, May 25-28, 1959, by K. B. Stewart. 

Assistance was given SS Measurements personnel i n  reconciling differences 
found t o  e x i s t  between IEM stings and ledger records with respect  t o  
the  reactor  inventory of U 213 . 
Relations Operation 

A GE N e w s  readership survey i s  t o  be conducted i n  the near fu ture .  
ance was provided i n  the se lec t ion  of a sample, where primary a t ten t ion  
was given the problem of se lec t ing  the  sample such that comparisons be- 
tween d i f f e ren t  employee groups could be made. 

Assist- 

Consulting services  were provided t o  personnel of Relations Operation i n  
connection with a contemplated plant-wide depth-interview a t t i t u d e  survey. 

Carl A. Bennett, Manager 
OPERATIONS KESEARCH & SYNTHESIS 

CAB : jbk 
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PROGRAMMING OPERATION 
my 1959 

A. FISSIONABLE MATERIALS - 2000'F'ROGRAM 

A review of radioactive isotopes which may be best suited f o r  parer produc- 
t i o n  t o  replace ba t te r ies  f o r  the operation of remote and unmanned instru- 
mentation has shown uranium-232 and i ts  daughter thorium-228 t o  have signif- 
icant potential. Although U-232 has a long half-life (74 years) i t s  potential  
equilibrium energy production on a weight basis amounts t o  one KW of heat from 
210 grams of the  isotope. 
"growing-in" of the thorium-228 dairghter which has a half-life of 1.9 years 
with potent ia l  energy production of one KW of heat fram 6.4 grams. Among 
those isotopes tha t  csn be obtained pure without isotope separation proc- 
esses and with half-l ives measured i n  years, thorium-228 has by f a r  the 
greatest  potent ia l  as a power source. 
duced i n  pure form by known chemical means. 
isotopes which may yield one kilowatt of heat a re  compared as follows: 

This leve l  cf energy release is  caused by the  

In addition it can probably be prc- 
The w e i g h t  of some of the pure - 

Table I 
Isotopes Potentially Useful a s  Power Sources 

Isotope Half'-Life, Years Grams /Kilowat t 

m-228 
Po-210 
Cm- 242 
Ce- 144 
u-232 
sr- go 
Pm- 147 
PU-238 

1.9 
0.38 
0.45 
0.78 

74 
28 

90 
2.5 

6.4 
7.0 
8.0 

36 
210 
930 

1760 
1830 

The main disadvantage of U-232 i s  the time required t o  reach the  equilib- 
rium heat generating value. 
is  attained. 
U-232. 
seven grems of ~h-228 could be routinely obtained. 
of U-232 would be f'romthe i r rad ia t ion  of Th-230 which i s  associated with 
a l l  uranium ores, generally a t  about sixteen grams per ton of uranium. 
In U.S. ore mills alone hundreds of kilograms of Th-230 are  delivered t o  
waste each year. Fac i l i t i e s  would have t o  be provided a t  uranium ore proc- 
essing plants t o  recover it fromthese waste streams. 
feasible  techniques fo r  the  production a d  recovery of pure U-232 from 
irradiated mixtures of Th-230 and Th-232. This i s  of in te res t  because 
most uranium ores contain Th-232 as w e l l  as Th-230. Investigation is con- 
t inuing on the f e a s i b i l i t y  of obtaining kilogram quantit ies of Th-230 as a 
by-product of uranium ore processing. 

In three years about 80 per cent of t h i s  value 
However, pure ~h-228 could be "milked" from a "stock pile" of 

For each kilogram of U-232 aged fo r  one year s l i gh t ly  more than 
The only pract ical  scurce 

There appear t o  be 
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B o  REACTOR DEVELOPbENT - LOCC PRWRAM 

1. Plutonium Recycle h-onraa 

RBU Computer Code 

The Monte Carlo arid asscciased p o r t i m e  of t he  code a r e  now i n  usable 
condition. One sample Froblem has been run, which was chosen f o r  i t s  
d i r e c t  app l i cab i l i t y  t c  the  Plutonium Recycle Program. This was a 
ca lcu la t icn  of neutron f lux  d i f t r i bx t ion  ir. 4.8 energy groups and 5 
r a d i a l  zones i n  a 1/4" plutonium metal rod immersed i n  D20. 
similar calculat ions w i l l  ba a2plied t o  predictions of temperatures 
and heat generation r a t e s  cf self-shielded plutonium f u e l  elements. 
Certain minor changes i n  tYe code t? improve i t s  u t i l i t y  a d  accuracy 
were suggested by the  ct i l rulakim,  and these a r e  now being incorporated. 

This and 

The diffusion and b w r q  p9rt iocs  of t he  ccde a r e  also essentiGlly com- 
p le te ,  although a r ea l i s5 i z  sem3I.e pmbles  has not a s  yet  been tricd. 
The input code i s  progressing sa t i s f ac to r i ly .  A s t a tus  report  on the  
e n t i r e  project  i s  now beirig prepared. 

MeleaRer Fuel Cycle Analvsis Code 

The Mfleager codes have been rewr i t ten  t o  allow greater  f l e x i b i l i t y .  
High speed computatior, i s  now avai lable  f o r  survey work where large 
scope r a the r  tfian extreme accuzacy is important. 
t ions  may a l s o  be performed; these may icclude up t o  150 isotopes. 
Provision has beer, macle t o  calculate  physics parameters a t  a pre- 
determined value of t he  average mult ipl icat ion cons+Jant, a s  wel l  a s  
i n  t he  conver;tional flux-time s teps .  

More de ta i led  calcula- 

Higher Isotope Studies 

Determination of the  higher Americium and C w i u m  isotope content of 
recycled plutcnium f u e l  continued. 
i n t e r e s t  during processing, t h e  amounts a r e  very small and probably 
not considered of i n t e r e s t  from the  standpcint of separate recovery 
fram the  f u e l  of a s ingle  reactor .  

Althoilgh such elements may be of 

C. BIOLOGY AND MEDICINE - 6000 PRW-FAM 

Radiological Consultation 

A -per e n t i t l e d  "Biolggical Implications of Radioactive Wastes'' was 
reviewed. 
changes i n  these l i m i t s  were fomerded t o  the General Manager, W O .  
A review of the  problems with reac tor  e f f l u m t  water along with recom- 
mendations concerning the course of ac t ion  to be followed was prepared 
and transnit,ted t o  IPD. 

Comments on present rad io logics l  l i m i t s  am3 recent ly  approved 

UNCLASSIFIED 
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A meeting of the Ckn$zalElectr2c Rewf2r &figw,-9z Z o d t t e e  was attended 
i n  New York City on Msy 7 atid e, 155?o 
Water Reactors Scbccancilwas submitted at f h i s  meeting. 

%e rspcrt cf t h e  Small Boiling 

Revisions contdnuerl OG t h s  NeRP Easdbook an Safe Ealidlir?g of Radio- 
isotopes. 
pleted. 

A t  the end of the mo~tk ?Lis r e v i s i m  wzs 90 per cent com- 

Bio-Medical Prcgrsm Dirt@t.ors 3kr-tirg 

Arrangements f o r  t h s  mee%ing OL CUE 8 and 9 of the Program Directors for 
the  Division of S i o l o g  cnd M&ieine vere ccrrt.inued. The C,wo day schedule 
w i l l  icclude papex  CD HL.0 pra3gzams, a 5x11- of W D C  f ae i l f t i ? s ,  and oppor- 
t u c i t y  fcr smll gou?  discuse2tnz 2 f ' R  & D wrjrko A prcgrarn docunent con- 
s i s t i ng  of' abstra3ts 9 55s var im? ~ p % e c k s  f r m  ? k e  pregrtxi was prepared 
f3r disfrit?utLon. 

D. OTHE3? ACT,?JI?iIES 

Hanford La'tcratories r e s3uces  l o r  p e z f o - d ~  resssrck acd developmat 
were described In  d e t a i l  fr a dcmnecf p r e p z ~ d  BCZ bwkgrourd material 
for f o r t h e m k g  Songreusfcxiai hesarings or, AEC l ab r%%or ie s ,  

Arraagemects weie made f o r  3 r i s f t  QII -&:g 21 acd 22 by 13 representatives 
of the  Euratom prcgram, &The P i u t m P n  Rec;yels Pr~grm was reviewed fo r  
the v i s i to r s  whc i n  +,WE revisKerl t h e i r  pr~glnsm pi.=% for HAP0 comeat. 

&rangemel;c,s fo r  she ne& Ha-~f:rd Scfencs Collca_Liim, :)E J a y  7, were 
completed. 
discuss h i s  work i n  tke  f i e l d  of s ta t is$ics .  

Prof. Herman WAd, of Yae ITniversi5;;~ 9f Uppsala, Sweden, w i l l  

M Lewis:dl 
fsr Manager, Programing 
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RADIATION PROTECTION OPERATION 
MONTHLY REPORT - MAY 1959 

A .  ORGANIZATION AND PERSONNEL 

L. B .  P r i e s t  transferred i n t o  the  Exposure Evaluation and Records Operation on 
May 11, 1959. 
1959 t o  the  Analytical  Laboratories, CR & D. 
from Exposure Evaluation and Records t o  Cal ibrat ions.  
Pro tec t ion  Operation remained a t  a t o t a l  of 132. 

Harriet M. Baird t ransfer red  from Cal ibra t ions  Operation on May 25, 
Genevieve D. Vaught t ransferred 

The force of the Radiation 

B . ACTIVITIES 

No new cases of plutonium deposit ion were confirmed during the  month. 
number of deposition cases which have occurred a t  Hanford remained a t  229. 
a r e  161 employees cur ren t ly  employed who have a measurable deposition of plutonium. 

One minor case of Ru106 deposition occurred as a r e s u l t  of inadvertent ly  placing 
highly Contaminated equipment i n t o  a beaker of H C 1  
body counter indicated a depcsit ion of N 0.07 pc €tufo6 ( N  Z$ of MPL) a 

The t o t a l  
There 

t the  327 Building. The whole- 

Three cases of local ized exposures i n  excess of cur ren t  permissible limits occurred. 
These involved: 
w i t h  a r e su l t an t  estimated skin dose of 4 rads including 1 r, a dose t o  the skin 
of t he  heel of a process operator i n  the 10G-H r eac to r  as a r e s u l t  of a contaminated 
p a r t i c l e  lodged i n  employee's shoe, a maintenance employee a t  the 105-K Area receiving 
an estimated dose t o  the  gonads of 250 m r  as a r e s u l t  of s i t t i n g  on a contaminated 
Pipe 

pro tec t ive  apparel  contamination a t  the 105-DR reac tor  rear face 

Approximately @ne mi l l ion  pounds of salvage and scrap material were surveyed and 
released from the  Hanford 101 storage a rea .  

Additional t e s t i n g  of the  reduced a rea  plutonium technique was accomplished i n  the  
bioassay laboratory.  
samples, apparently due t o  t r a n s f e r  of residue from the  electrodeposit ion p l a t e  
t o  the  NTA emulsion s l ide .  

Higher than acceptable backgrounds s t i l l  remain on the t e s t  

About 26 people were examined In the Shielded Personnel Monitoring S ta t ion .  
of t he  26 were associated w i t h  minor p l an t  inc idents  i n  which i n t e r n a l  deposition 

of t eight fBgloyees showed no measurable deposition. Posi-  '% zn% Back- 
was possible .  
t i v e  t r aces  of Sc , 
ground measurements of Csi3?: &, and 21165 were m a d e  f o r  the 18 rout ine studies. 

Eight 

were found i n  the other  two employees. 

A team w a s  dispatched t o  inves t iga te  a leaking container after no t i f i ca t ion  of 
t he  s i t u a t i o n  from the  Railway Express Office a t  Portland, Oregon. 
was from a container of UNH shipped from HAPO. Minor f l o o r  contamination was 
removed. The defec t ive  container was returned t o  RAPO. 

The leakage 

Unexplained contaminatio 
increased sharply t o  10 

inan t .  

i n  234-5 waste water discharged t o  the  new d i t c h  
pc Pu/cz. -E Although subsequent samples decreased t o  

pc/cc, inves t iga t ion  i s  sontainuing ts determine the  source of t h i s  contam- 

UNCLASSIFIED 
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The search f o r  improved methods f o r  1131 detect ion and measurement i n  milk and 
produce samples continues. 
increased e f f o r t  could be diverted t o  study of precis ion and accuracy of the 
Sr9* ana ly t i ca l  method 

The produce sampling pmgram was cur ta i led  so t ha t  

The usual seasonal decrease i n  isotopic  eoncent.rations and G I  tract exposure 
estimates wereobserved with the increased flow of the Columbia River. The 
average r i v e r  flow fo r  k y ,  1959, was x)8,3m cfs ,  against  108,000 c f s  f o r  

l959- 

C. ENPLOYEX RELATIONS 

There were two medical treatment i n ju r i e s  f a r  a frequence of 0.98. 
v io la t ions  occurred during the m m t h .  

No securi ty  

No suggestions were received f o r  evaluGti3n. 
for evalust icn,  No awsr5.j: were made. 

One suggestion i n  pending i n  RPO 

A subs tan t ia l  mount of testimcny was prepared and presented a t  the Wonaeott 
a rb i t r a t ion  ease held early i n  May. 

An or ientat ion and t ra in ing  sessien was cmducted fcr  the Construction Building 
Trades Business Agents. The i n t e r e s t  ernd appreciation were noteworthy. 

A lec ture  and demonstration on rad ia t ion  detection was presented t o  about 200 
grade schocl students and facul ty  a t  the Mark Twcin Schacl i n  Pasco. 
a c t i v i t y  w a s  scheduled through the HA90 SpeQkers Bureau. 

This 

Radiation prc tee t icn  displays were presented on Armed Forces Day at  the Larson 
A i r  Force Base an2 a t  the Umstflla OrBnanee Depot. An estimated 2,000 persons 
v i s i t e d  the displays 

D o  SIGNIFI2AIE REP3RTs 

HW-5682'7 Rev. - "A Personnel Film Badge Neutron Dosimeter" by Frank Swanberg, Jr. 

HW-60413 - "Anslysis of Radiological Data f o r  the Month of Apri l  1959" by R .  L. 
Junkins e 

HW-69530 - '"Waste Disposal Manitorfng Ac t iv i t i e s  Summary - May 1959" by K. F. 
Baldridge. 

HW-60548 - "Monthly Report - May 1959, Radiation Monitoring Operation" by A .  J. 
Stevens. 

Con. Undoc. - "Inventory of Radioactive Liquid Wastes t o  Active Disposal S i t e s  - 
March 1959" by K O  F. Baldridge. 

Repert of Invention - "A Field A i r  Sampler f o r  Radiological Defense Use, fo r  
Monitoring the Spread of Air-borne Contaminants from Atomic 
Weapons" by Leo F. Kocher and Frank Swanberg, Jr. 
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ENVIRONMENTAL MONITORTNG - RESULTS (April 26, 1359 - May 24, 1959) 

Activity 
Type- Sample Type and Location 
Activity 
Type- Sample Type and Location 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
Ri chland 

Columbia River Water 

Is 0 topic 
Gross  eta 
I sot opi c 
Isotopic 
Gross Beta 

Above 100-B Area Gross.  eta 
100-F Area 
Hanford Ferry Grosa Beta 

McNary Dam Gross Beta 
Vancouver, Waehington Gross Beta 

I sot opi c 

pasco Isotopic 

Waste Wat or  

Outlying Teet Wells Gross Beta 
Reactor Effluent Retention 

Baains to River Gross Beta 

Atmoephere 

Orose Dose Rate - 
1-19 Sepsretionr Areas 
1-131 Sepsrations Stsckr 
Actiw Rrtlcler - Project 
Actlw Farticlea - Environr 

Project 
Environs 

Vegetstlbn 

Beparetlonr 
Residential 
Eastern Waehington and 
Oregon 

Fiaeion Product8 leas 
1-131 - Wmh, md Ore, 

Gamma 
Gamma 
1-131 
1-131 -- 
.I- 

1-131 
1-131 

1-19 

Beta 

Monthly 
Average Unl t 6* 

Ths $ MPC~I i s  the mrcent of the maximwn ~ r m i r s i b l e  limit for continuous 
occupstion81 expoeure to the g~etrolntsstlnal tract calculated from drinklng 
water limits 

The trend factor shows the n-fold lncresee (+) or decrease ( - )  from last month, 
where valwe of n l ee8  than 2 wlll not be noted. 

Total Beta, as reported in previous reports ,  was changed t o  Gross Beta t o  conform 
with the Waste Disposal Hearings GlOSS8ry. 

UNCLASSIFIED -~ - 



UMCLASSIFIED G-6 

m u R E  EVALUATION AND RECORDS 

Exposure Incident 
Whole Body Localized 

2 1 
6 6 Msy 

1959 t o  Date 

Gamma Pencils 

Penci l s  Paired Readings Paired Readings LO6 t 
Processed 100-280 m r  Over 280 m r  Readings 

8 2 
6 k Y  21,540 243 

1959 t o  Date 150,112 440 16 
Beta-Gmm Film Badges 

Badges Readings Readings Readings Lost Average Dose Proce6sed 100-300 mradS 300-500 mrads Over 500 mrads Readings Per Film Packet 
mrad( ow) m r (  s j 

May 9,402 970 93 15 44 7.66 19.10 1959 to 
Date 52,040 4,368 451 

Neutron Film Badges 

70 248 5.24 18 0 37 

~ 

Film Readings Readings Readings Lost Processed 50-100 m r e m  lOO-3oQ mrem Over 300 mrem Reading- 
Slow Neutron 

MY 1,427 
1959 t o  Date 6,253 

F a s t  Neutron 

1959 t o  Date 
87 
391 

1 
19 

1 
3 

1 
2 

9 
13 

0 
0 

0 
0 

10 
27 

Bioassay May 1959 t o  Date 

Plutonium: Samples Assayed 875 3,968 

Fiss ion  Products: Samples Assayed 845 3,813 

180 
Results above 2.2 x pc/smple 61 

17 4 Results above 3.1 x pc FP/sample 

Uranium: Samples Assayed 243 1,401 

5* 0 Confirmed Plutonium Deposition Cases 

* This brings the  t o t a l  number of plutonium deposition cases which have 
occurred a t  Hanford t o  229, 

10 
26 
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Uranium Analyses 

Sample Desxip t ion  

Fuels Preparation 
Yanford Laboratories 
Chemical Proces sing 
C hemizal Processing* 
Special  Incidents 
R!3IldCiE 

Fellowing xposure 
Units of 10 -4 pc ~ / e c  

k i m u m  Average Smples  

FDllowing Period of No Exposure 
Units of 10-9 pc ~ / c r  

Number Number 
Maximum Average Samples 

22 3.3 46 
9.8 3.3 16 

30 4.7 43 
63 21 5 
0 0 0 
a 0 c 

11 243 41 
709 2.2 22 

32 5.8 59 
16 7.6 5 
0 0 0 
0 0.7 4 

Wsmples taken p r i m  t o  and after a specif ic  job during work week. 

Thyroid Checks 

Checks Taken 
Sfiesks above Detec t im L i m i t  

Hand Cheeks 

Chesks Taken - Alpha 
- Bet8-g- 

Skin Cantmination 

P lu t  x i u m  
Fission Products 
Uraniurn 

CALIEFATICNS 

Pcrtsble  Instruments 

CP Meter 
June 
GM 
&her 

Total  

Personnel Meters 

Badge Film 
Pencils 
Other 

Total  

Miscellane Qua Special  Services 

Tota l  Number of Calibrations 

I 2 4 0 1 1 5 b  
AR Keene i kc 

May 1959 t o  Date - 
0 C 
0 0 

28,582 177,391 
17,873 117,566 

19 89 
76 222 
8 57 

Number of U n i t s  Calibrated 
1959 t o  Date 

4,788 
278 1 ; 472 

1,331 
198 

2,745 

382 m 
459 

6,777 
1,016 
14,053 

4,615 
5,248 
2,160 

12,023 

1,613 

Manager 
Radiation Protection 
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LABORATORY AUXILIARIES OPERATION 
MONTHLY REPORT - MAY 1959 

GENERAL 

Safety performance of  the  operation was considered sa t i s fac tory .  
no major i n ju r i e s ;  the minor in jury  frequency rate was 2.22, which i s  con- 
s idered below average experience. 

There were no secur i ty  violat ions charged t o  the Operation. 

There were 

TECHNICAL SHOPS OPERATION 

Total productive t h e  f o r  the month was 17,102 hours. 
hours performed i n  the  Technical Shops, 852 hours assigned to Minor Con- 
s t ruc t ion ,  122 hours to other  pro jec t  shops, and 2,770 hours t o  o f f - s i t e  
vendors. 
quired i n  the current month, w i t h  t he  remainder d i s t r ibu ted  over a three month 
period. 
avai lable  hours. 

This includes 13,358 

The t o t a l  shop work backlog is  22,112 hours of which 50% i s  re-  

Overtime worked during the  month was 6.5$ (1040 hours) o f  the  t o t a l  

Distr ibut ion of  time was as follows; 
Man-Hours $ of  Total  

Fue Is Preparation Department 2738 16.0 
I r r ad ia t ion  Processing Department 738 4.3 
Chemical Processing Department 880 5.2 
Hanford Lab0 ratories Operation 12381 72.4 
Construction Engineering & Ut i l i t i e s  104 .6 
Miscellaneous 261 1 . 5 ;  

The number of  requests f r o m  customers f o r  emergency service remained a t  a 
high l e v e l  necess i ta t ing  an overtime r a t i o  of  6.5%. 
u t i l i z e d  to capacity i n  providing assis tance to the Technical Shops. 

Other pro jec t  shops were 

Two machinists were added t o  the Technical Shops rol l  during the month with 
two more scheduled to report  on June 15 .  
vided and accepted by one journeyman welder who was promoted to Spec ia l i s t  - 
Welding Pract ices ,  CE&U, and one secre ta ry  who was promted  to a higher 
grade pos i t ion  i n  a technical  component o f  Hanford Laboratories. 

P m m t i o n a l  opportunities were pm- 

New equipment received included a v e r t i c a l  boring m i l l ,  'a 14" heavy-duty 
la the ,  and a No. 3 v e r t i c a l  mi l l ing  machine. 

Securi ty  performance was considered sa t i s f ac to ry  Kith no violat ions.  
performance was considered sa t i s f ac to ry  w i t h  4 medical treatment i n  ju r i e s  
and no major i n ju r i e s .  Absenteeism w a s  considered higher than normal f o r  
t h i s  per iod caused mainly by a form of  influenza. 

Safety 
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RADIOGRAPHIC TESTING OPERATION 

The a c t i v i t y  f o r  t he  Radiographic Testing Operation was below normal t h i s  
month because of two s i tua t ions .  
the f i e l d  f a c i l i t i e s  from 200-E Area t o  White Bluffs.  
o f f  date f o r  the operation was mved up to the  20th of  each month to advance 
the reporting date fo r  the monthly report .  
a re  based on a three week period. 
640 were radiographic (including x-ray and gamma-ray) and 2,286 were supple- 
mentary t e s t s .  
connection w i t h  radiographic t e s t s ,  and 493 (35.7$) were used on supplementary 
tests. The supplementary t e s t  work included: dimensional measurements 
(micmmetric and plug gage), eddy current,  penetrant,  u l t rasonic  (flaw 
detection and thickness measurements) and stress measurement ( s t r e s s  coat 
and s t r a i n  gages). 

Foremst  i n  reducing output was the move o f  
Also, the monthly cut- 

Accordingly, the following figures 
A total of 2,926 tests were made, of which 

Out of  a total o f  2,382 man-hours, 889 (64.35) were used i n  

The number o f  pieces handled t h i s  month was about normal to t a l ing  some 1,795 
items. On the same bas is ,  t he  f e e t  o f  mater ia l  represented by the foregoing 
was about normal amounting t o  11,498 f e e t .  
ganizational components representing mst of the  operating departments and 
service organizations. 
findings with conclusions and recommended action. 
Operation was consulted on 9 d i f f e ren t  occasions f o r  advice and information 
r e l a t ing  t o  general t e s t i n g  theory f o r  o ther  than the jobs tabulated i n  P a r t  I1 - 
Testing S t a t i s t i c s .  

Work was done f o r  17 d i f fe ren t  o r -  

A total of  21 reports  were issued de ta i l i ng  tes t  
Radiographic Testing 

The s ingle  l a rges t  a c t i v i t y . t h i s  m n t h  has been the move of  the  f i e l d  f a c i l i t i e s ,  
and establishment o f  the tube t e s t i n g  and t r ea t ing  f a c i l i t i e s  a t  White Bluffs. 

The f i e l d  f a c i l i t y  equipment and personnel m v e  was completed on 5-25-59. Some 
minor res tora t ion  work remains t o  b'e done on t h e  Chemical Processing Department 
f a c i l i t i e s  i n  200-E Area. 

About one week delay over t h e  es tabl ished tube treatment schedule has been en- 
countered i n  the tube f a c i l i t y .  Construction schedules have not been able t o  
be maintained on the p ick l ing  tanks and the autoclave. 
ac id  tank p l a s t i c  l i n e r  is  SO$ c o q l e t e .  
i n s t a l l a t i o n  is also about 80% complete. 
items will be completed 6-3-59. 

In s t a l l a t ion  of the 
Acid recirculat ion piping and pump 
It i s  expected tha t  both of tnese 

The only major i t e m  remaining on the  autoclave is the insulat ion which Is ex- 
pected to  be completed also a t  6-3-59. 
instrumentation i n s t a l l a t i o n  a re  e seen t i a l ly  complete. 

The water in jec t ion  pump and control 

If work continues a t  t h e  above r a t e  it is ant ic ipated t h a t  preliminary 
p ick l ing  can be mne on 6-5-59. 
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Testing S t a t i s t i c s  

No .of 
Component Tests 

CPD 68 

CEO 0 

FPD 9 

m 2742 

I P D  107 

- 
TOTALS 2925 

Ft.of Weld No.of 
o r  Material  Pieces 

70.0 45 

0.0 0 

' 1.5 2 

1095x1. o 1723 

437.0 25 

- 
11498.5 1795 

FACILITIES ENGINEERING OPERATION 

Pro  jects '  

- Description 

Purex concentrator redox- dissolver, H.S. 
column T-H3 Purex f a c i l i t y .  

F ina l  report  on PRTR containment 
vessel  w e l d s .  

1/4" w a l l  x 2" O.D. x 30'' long W2 
fuel rod. 

36" SS e l e c t r i c a l  conduit couplers 
9/16" O.D. x 
rods; Al-SS piping; .505" x .O35" w a l l  
x 10' long zr-2 tubing; . 6 W x  .O3O" 
w a l l  x 7' long zr-2 tubing; PKTR zr-2 
process tubes; Trans-Pu and Palm fab 
programs; 16" O.D. x 1/2" SS pipe; 
T i  p l a t e s  and tube bundle; l.U$ and 
5% P U - ~ 1  fuel elements; Thermocouples; 
B-F3 tubes; 33" long x 9/16" O.D. l.U$ 
Pu-AI a e l  rod. 

long zr-clad UO2 f u e l  

In-pi le  tube AEX 160 loop pro jec t ;  190 
B annex piping; intake and discharge 
headers 19O-KE. 

There were 21 authorized pm j e c t s  a t  m n t h ' s  end w i t h  t o t a l  authorized funds 
of  $8,423,000. Total  estimated cost  of  these pro jec ts  is $8,606,500. 

Pro jec t  proposals and pro jec t  planning for  Radiometallurgy Building 327 were 
completed during .the rnanth with the t ransmi t ta l  o f  four pro jec t  proposals $0 

t h e  General Manager. 

S i x  new p ro jec t s  are  i n  the proposal preparation stage. 

The at tached p ro jec t s  report d e t a i l s  the s ta tus  of individual pro jec ts .  
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Engineering Service 

T i t l e  S ta tus  

Rernv2,ble Target P i t  Grating 3745-B Ins t a l l a t ion  scheduled fo r  completion 
Eu i ld in  g 5/3/  59. 

Clem A i r  Ducts - 326 Building R.  A. Pringle  and Son w a s  low b id .  Work 
t o  start  during June. 

Renovate Room 30-C - 326 Building New equipment was received f o r  i n s t a l l a t ion .  

Improve Lighting - Rooms 11-lA & B 
325 Building 

Fixtures on hand fo r  i n s t a l l a t ion .  

Design & i n s t a l l  Fire  Alarm System Design work completed. Construction 
314 Building Operation i s  preparing in s t a l l a t ion  

estimate. 

A i r  Balance - 10%~ Building Fie ld  work i s  i n  progress. 

Gamma I r rad ia t ion  F a c i l i t y  - 
3730 Building 

Tank and caisson i n  place.  Roof hatch 
and ho i s t  supports a re  being in s t a l l ed .  
Radiation warning system i s  near ly  complete. 

Work in  progress. Kitchenet,te F r c i l i t y  i n  326 Bldg. 

Ere.: - 07 Tovers f o r  Atmospheric Work complete. 
Physics 

Study - Layout o f  Biology F a c i l i t i e s  Study complete. 

I so l a t e  c r m e  conducbrs - 314 Work i n  progress t o  i so l a t e  c r m e  con- 
Building ductors . This w i l l  decrease hazardous 

condition i n  building. 

'Dog I so la t ion  F a c i l i t y  - 141-FS 
Building 

Work 909 complete. 

326 Building Retention Waste Sump 
Modifications 

Engineering work i n  progress. 

Temperature Control fo r  Fish 
Tmughs - Biology Operation ment are  ou t  fo r  b ids .  

The requis i t ions f o r  t he  required equip- 

A i r  Balance & Control 328 Building Preliminary volume checks a re  being made 
p r i o r  t o  adjustments. 
f l oo r  temperature control  po in t  i s  i n  ser- 
vice and has resu l ted  i n  more constant 
temperatures. 

A temporary second 

UNCLASSIFSED 
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T i t l e  

Graphite Storage Building 

- 

m Plan 

H-5  m- 60 50 5 

Sta tus  

The work to be performed consis ts  of 
a footing and s t a r t e r  w a l l ;  a four inch 
f loo r  s lab  and moving and i n s t a l l i n g  a 
4.0’ x 801 Army building on the block 
w a l l .  

A study has been i n i t i a t e d  to  develop 
a p l an t  layout of RLX) s t ructures ,  
u t i l i t i e s  and grounds including f’uture 
p l an t  additions.  

Drafting & Desi@ Service 

Design and draf t ing  work i n  progress includes the following: 

In-Reactor Creep Measurement capsule. 
Mechanism f o r  r emva l  and containment of ruptured 

Equipment f o r  examining discharged f u e l  elements - ETR. 
Modifications to 1 4  ton shipping cask. 
Equipment f o r  High Level Radiochernietry F a c i l i t y  - 325-A Building 

irradiated Rrel - 3x3 loop ETR. 

a. Manipulator dol ly  
b. Mock-up wall  
c. Miscellaneous items, tongs, brush, plugs 
d. Three ton l i q u i d  sample cask 

Monor&il feed mechanism for swage - 325 Building basement. 
PRTR prototype loop - As-Built - 314 Building. 
Mechanism f o r  mving  samples through Gamma recording 

instrumentation. 
Cobalt-60 source holder and tong mechanism. 
Hand feed f o r  swage - 325 Building basement. 
Fuel element X-Ray photometer. 
T e s t  s e t  up d e s i p  - fuel, fuel and f o i l  holders, and 

Transistorized c i r c u i t s  f o r  counters. 
Traverse counter drive - 305 Building. 
Uranium burning f a c i l i t y .  
Modify ex i s t ing  PRTR shim control  drawings. 

graphite - 305-B Building. 

Also, work is being performed f o r  layout and details on pro jec ts  CGH-U34, 
Modifications and Additions to High Pressure h o p  - 1 8 9 - ~  Builaing, AEC-157, 
Job 0084, P ick l ing  & Autoclaving F a c i l i t y  f o r  Zirconium Material, and CGH-t138, 
Fiss ion Product Vola t i l i za t ion  Studies Test F a c i l i t y  - 292-T Building. 

Maintenance and Building Engineering - Landlord Functions 

Cos ts  - April  - $108,446 
March - $116,249 

Fisca l  year to date expenditures are  $1,017,248, which is  82% of budget. 
Expenditure forecast  was $1,045,300 or  84$. 

UNCLASSIFIED 
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Analysis f o r  Month of  April :  
t h i s  month. 
ant ic ipated t h a t  the $17,538 over-l iquidation w i l l  be reduced i n  May by 
about $2,000. 

Costs were within $300 o f  those predicted f o r  
It is  The year-to-dste costs  were 1.39 below the  l iquidat ion.  

A fixed p r i ce  work order  has been issued f o r  the r e s t  mom and o f f i c e  
addition to 3702 Building. 

A mrk order  has been issued f o r  construction of a parking l o t  and retaining 
w a l l  w e s t  o f  328 Building. 

P a r t i t i o n  changes were made i n  the north end o f  3702 Building to accommodate 
the recru i t ing  staff .  
keeping w i t h  the recent organization. 

The Employee Relations o f f i ces  were reassigned, i n  

A f ixed p r i ce  work order w a s  issued f o r  the contingency maintenance of the 
325 Building supply and exhaust fans.  

Miscellaneous 

Approximately 150 drawings including sketches, work sheets,  and f o m a l  drawings 
were completed by the Drafting Component during the month. 

Approximately 14,000 square f e e t  of p r i n t s  were reproduced during the mnth .  

The t o t a l  estimated value of the 22 requis i t ions issued during the m n t h  was 
$52,000. 
number of  HLO projec ts .  

Material  procurement and control  i s  being performed f o r  a greater  

The next Third Par ty  Inspection of HID pressure vessels i s  scheduled f o r  June. 

TECHNICAL INFORMATION OPERATION 

Arrangements are being concluded to  t r ans fe r  to Technical Information the 
respons ib i l i ty  f o r  handling the clearance of  technical  papers and speeches 
f o r  HAPO. 
of  non-technical a r t i c l e s  or ig ina t ing  within W O .  The present date fo r  the 
t r ans fe r  is  June 30. J. E .  Brown, Relations Operations, will t r ans fe r  to 
Technical Infomation Operation a t  the time tha t  the m c t i o n  i s  reassigned. 

Technical Information w i l l  a l s s  be responsible fo r  the  clearance 

The Technical Information budget fo r  FY-1960, .approved some time ago, has been sub- 
divided in to  Unit budgets. 
f o r  book and per iodica l  purchases, and f o r  Data Processing charges, are  cause 
f o r  concern but may work out  s a t i s f a c t o r i l y .  
i n  l i n e  w i t h  present operating experience. 

Some individual items, notably the  allotments 

The budget t o t a l s  appear to be 

A memordum was  sent to a l l  Department Managers concerning compliance w i t h  
HAPO OPG 1 . 5  on the release of o f f i c i a l  correspondence and documents. 
memorandum pointed out  the precautions to be observed before sending un 
c la s s i f i ed  r e p o r t s - o f f s i t e .  The response from the  Departments has been 
excel lent  and modifications of  ex is t ing  OPG's are  planned. 

The 
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The Commission has asked Technical Information to send d i r ec t ly  to Kaiser 
Engineers such technical  reports  as  they w i l l  need i n  connection w i t h  the 
construction o f  the NPR. 
AEC Accountability S ta t ion  so t h a t  permanent transfers of accountabili ty 
c m  be made. All reports  going to them from Technical Information w i l l  be 
approved by the Manager, Process Design Operation, NPR Projec t  Section. 

Kaiser Engineers have been designated an authorized 

Details a re  being worked out  to transfer to the City of  Richland a number 
of books present ly  charged f r o m  the P lan t  Library to personnel i n  the Police 
Operation, the  F i re  Operation, and the Publ ic  Works and Recreation Operation 
of Cornunity Operation. Present  plans a re  to t r ans fe r  these books to  the 
Richland Publ ic  Library who will then re-charge them to the c i t y  employees 
involved. Books charged to personnel i n  General E l e c t r i c ' s  Publ ic  Health 
group will be t ransfer red  to the Benton Franklin Public Health D i s t r i c t .  

The three fuel element pro jec ts  which were submitted f o r  c l a s s i f i ca t ion  re- 
view las t  month have been declassif ied.  They are:  

(1) 

( 2 )  

(3)  

Assistance to Hanford Pro jec t  No. ATH-HLQ-5-59 "Friction Welding 
of Fuel Rod Sections".  
Design, Development and Research Contract DDR-57 "Welding Closure - 
Ends of  Rods 2nd Tubes". 
Nickel p l a t ing  o f  stmdard canned I & E f i e 1  elements by several  
firms who special ize  i n  p l a t i n g  work. 

The questions raised l a s t  month by TISE and HOO regarding the  proper 
categorization o f  the Fuels Development Operation Quarterly Report (HW-58205) 
have been resolved. 
revis ions and w i l l  be red is t r ibu ted  i n  accordance with the o r ig ina l  dis-  
t r i bu t ion  l i s t .  
be forthcoming from ROO. 

All copies of the report  a re  being recal led f o r  minor 

Some ground rules to avoid recurrence of t h i s  problem w i l l  

Work Volume S t a t i s t i c s  

Document Distr ibut ion and F i l e s  
Documents routed and discharged (copies) 
Documents issued (copies) 
Documents sen t  o f f s i t e  (copies) 
Document reserves f i l l e d  (copies) 
Documents picked up and delivered 

Document Accountability 
Holders of  c l a s s i f i e d  documents whose f i l e s  

Documents inventoried i n  F i l e s  (copies) 
Documents destroyed o r  r e t i r e d  (copies) 
Documents revised (copies) 
Documents pul led and documents f i l e d  (copies) 
Documents re  c l a s s i f i ed  
Accountable copies of  SECRET and DOCUMENTED 

were inventoried 

CONFIDENTIAL documents ons i t e  

Apri l  

16 , 970 

1,305 
941 

18,684 

'3, 435 

570 
6,347 
4,003 
1,636 

232 

204,462 

lo, w2 

May 

14,437 
10,570 
6,444 

931 
19,573 

32 4 
25,210 

4,842 
1,723 

10,421 
189 

205,508 

1 2 t 1 0 1 1 b 3  UNCLASSIFIED 
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Reference and Publication 
Books cataloged (new t i t l e s )  
Books added to the col lect ion (volumes) 
Ready reference questions answered by 

Li te ra ture  searches by professional  s t a f f  
Reports abstracted ( t i t l e s )  
Formal reports  prepared ( t i t l e s )  
Offs i te  requests f o r  HAPO reports (copies) 
Reports released t o  C A P  ( t i t l e s )  

p 1-0 f ess ional  staff 

A p r i l  
% 

316 
142 

116 
249 

7 
235 
28 

Library Acquisitions and Circulation 
Books ordered (volumes) 500 401 
Periodicals  ordered 81 117 
Books c i rcu la ted  (volumes) 2,046 1,760 
Periodicals  c i rcu la ted  ( i ssues)  2,911 2,573 
Inter-Library loans 119 62 
Films borrowed o r  rented 19 9 
Indus t r i a l  f i lm showings 93 92 
Bound per iodicals  added to the col lect ion 202 1.94 

Library Collection : 

Main Library W-10 Library 1 0 8 - ~  Library Ind. Med. Totals 

No. of  books 26,357 8,197 1,424 1,943 37,921 

No. of bound 
per iodicals  11,984 1 1,431 96 13,512 

38,341 8,198 2,855 2,039 51,433 

Class i f ica t ion  and Declassif icat ion April May 

Documents, including drawings and photographs 
reviewed f o r  downgrading o r  dec lass i f ica t ion  106 53 

Documents and papers (intended f o r  o r a l  pre- 
sentat ion o r  publ icat ion)  reviewed f o r  appropriate 
c lass  i f  i cation 41 31 

Documents submitted to Declassification 
Branch, O a k  Ridge 12 16 

Manager 
LABORATORY AUXILIARIES 

I 2 4 0 4 b 4  J L  Boyd:jcw 
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FROFESSIONAL PIA-NT AND RELAXmIONS PRACTIeES OPERATION 
MONTHtY REPORT! 

GENERAL. 

A t  month's end, the staff of the  Hanford Lakoratories t o t a l l ed  1234 employees, 
including 580 exempt and 654 nonexempt employees. 
possessing t e c h i c a l  degrees, including 286 E.S. ,  110 M.S. and 101 Ph.D. 

There were 497 exempt employees 

TEiAINIX3 

BE Third Program of the Informtion and Orientation Series was completed with 
.qproxirnstely 8@ of the nonexempt Lakoratories people attending. 

Thirty-nice Laboratories exempt people comj?leted PBM-1. 

Toms were prodded duririg Msy f o r  95 kigh school students, 80 college science 
&sd engineering stu3eaf-E and 25 presidents a d  faculty members of Washington junior 
colLeges 0 

Radiation Pratection Operation provided display material and guides f o r  the  Armed 
F ~ F C E ~  Day Open Houses a t  Larson Air Force Ewe and U m a t i l l a  Ordnance Depot. 

EMFLO'I'EE COMPENSATION 

A   on exempt c lass i f ica t ion  - PRTX Technician Grade 24 - was established effect ive 
my 1. 

At tle WJ meeting of the KLO Suggcstior Eoard four suggestions were approved for  
awards tot.allfng $120. mX, suggeskion awards fo r  the year t o  date t o t a l  $935. 

A Lakor&torfes employee on educationd leave, Zack L. Poe, was awarded a General 
Electric: sctolsrskip f o r  the 1959-60 Echooi year. 

I 

h ' tora tor ies  personriel worked a t o t a l  of 188,800 man-hours during the month with 
EO dfsa;bling injur ies .  
h & w  beer, completed with no disabling in3uPies. 

The medical treatment frequency f o r  May w a ~  1.58 compsred with 1.49 last month. 

Since September 1, 1956 a total of 6,275,127 man-hours 

=ere were no security violat iocs  i n  the  Laboratories i n  the  month of my. 
t o t d  f o r  the year remains a t  16. 

The 

PROFESSIONAL PLAClDENT 

Dxring my, three Ph.D, offers  were extended and six HAE3 offers  were rejected. 
Ore offer Py HLO was accepted by s, Ph.D. physiologist. 
ten PLD. acceptances and there a r c  currently seven Ph.D. offers  open. 

The recrui t ing of BS/MS graduates from the  campus i s  essent ia l ly  completed for  
the current recrui t ing seasoL;. 

To date, there have been 

The bulk of the new graduates w i l l  report OE the 
1 2 4 0 4 1 1  
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p p r o l l  duricg 3me  and July. 
ceived f o r  the Tech lea l  Graduate Program. 

To b t a ,  a total of 71 acceptances have been re- 

Eleven experiesced ES/MS candidates visited during the  n?or;th. 
extended sLLd 13 acceptances were reec:vcd. 
SLcg Trsinicg Frogram vis i ted  Hanford t o  discuss mploymer.t opportmit ies ,  
inpressed with the technical opportunities at Halsford but each has a strong geographic 
preference for  the Ehst.. 

Eleven offere were 
Pour gracluatea of the Advanced Ehgineer- 

All were 

Three Technical Graduates were added t o  the Trsicing Program and one permanent 
placemer,t WGS effected with 28 remining on the Program a t  month's end. 
ner jun ior  vas aleo added t o  the psyroll .  

One sum- 

Niceteen rcquieitior-s were f i l l e d  during the month. With the  receipt of 17 new 
requisit ions,  there a re  currently 44 col;ex%q$ opsnlnge fo r  which 28 candidates 
h r - ~  i n  process and 4 t ra rafers  a re  padit ig ,  with  12  candidates yet t o  be procured. 

lknager, 
Professional Placement 
and Relations Practices 

1 2 4 0 4 1 8  
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TABLE I1 NONEXEMPT EMPLOYMENT 

Nonsxempt Employment Status April M q  

Re quis i t i ons 
A t  end of month 49 4.4 
Cancelled 4 1 
Received during month 27 17 
F i l l ed  during month 14 19 
On hold Status 0 2 

Candidates Considered 
Total Applications 75 82 

1-4 HU-60505 

Nonexempt Trensfer Reauests April 

Transfer Requests 
Active cases a t  end of mo. 
Cancelled 
New 
Wansf ers  e f fected  

69 
r, 
3 
3 

BAL 

77 
1 
11 
1 

I 2 4 0 4 8 0  
UNCLASSiFiED 
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C - Technical Graduate and Technician Training Program 
Month ending May 31, 1959 

TG Program 

Number Personnel on assignment 
(HAP0 Tech Grad Programs . . . e .24 
(West. D i s t r i c t  E.P.....o.oOOOO. 4 

Summer Juniors  
High School Teachers 

Digtribution of assignments by Depts. 

HLO 
CE&UO 
FPD 
IPD 
CPD 

Distr ibut ion of assignments by function 
R&D or  Engineering 
Other 

28 

- 
1 
0 
29 
- 
11 
0 
3 
14 
1 

25 
4 

HW-60505 

TT Program 

10 

- 
10 

10 
0 
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FINANCIAL OPERATION MONTHLY REFYXT 
MAY 1959 

Personnel 

There were co changes during the  month. 

Act ivi t i e  s 

GENE;IIAL ACCOUNTING OPERJWION 

Reconciliation work i n  comect ion with the  physical inventory of uninstal led 
cataloged equipmect i n  the  custody of Chemical Research and Development Opera- 
t i o n  is complete. 
signed missing equipment repor t  f o r  t en  items, Two thousand, four hundred and 
s ixty-eight  items were physical ly  cmnted valued a t  $1,751,803. 
items ($2,973) were not located during the inventory compared t o  48 missing iteme 
($22,950) ia the  FY 1957 inventory. The percentage of m i s s h g  equipment t o  t o t a l  
ilollar value was 0.17s canpared t o  1.24$ i n  FY 1957. 
$1,636 were added t o  record as compared t o  298 items valued a t  $109,018 i n  the  
FY 1957 inventory. 

Issuance of a formal repor t  is pending the  rece ip t  of a 

Ten missing 

Eight items valued at 

The physical inventory of shop stock material i n  the custody of Technical Shop 
Operatior, has been rescheduled from June 6, 1959 t o  July ll, 1959. 

The physical inventory of Hot Semiworks uninstal led cataloged equipment was con- 
ducted duricg the  month. 
1720 - Plant  and EqEipment Held f o r  Future Use. 
issued i n  June upon completion of the  reconci l ia t ion.  

This equipment i s  recorded i n  General Ledger Account 
A repor t  of r e s u l t s  w i l l  be 

Work i n  co-mection with our program of updaticg fixed asset records is approxi- 
mately 85% complete. A l l  300 Area buildings,  i n s t a l l e d  equipment, other s t ruc-  
t u re s  and research waste handling f a c i l i t i e s  have been inventoried and converted 
t o  new records. A property disposal  request and missing p lan t  and equipment 
repor t  were prepared and approved f o r  the  removal of 48 items valued a t  $43,224. 
A comparison of the  total .  recorded 3OQ Area fixed asset cost  t o  the value of 
missing items is very favorable (.003$) cmsider ing  this is t h e  first inventory 
s icce  the  p lan t  appra isa l  i r ?  1949. 
records and a property disposal  request w i l l  be prepared f o r  2 wells valued a t  
$4,9Li. 
Atmospheric Physics bui ldings and o ther  s t ruc tures ,  Radiation Monitoring s t a t ions  
i n  all w e a s  were inventoried and new records prepared. The last area, 100-F, is 
c u r r e r t l y  being Fnvertoried. 

HLO test  wells (225) were ve r i f i ed  with 

These two w e l l s  were covered over during construction and abandoned. 

Projects  CG-758, Ceramic Fuels Development Press and Furnace Additions, 325 Build- 
ing, and CGH-804 - Ceramic Fuels Press Enclosure, 325 Building, were physically 
inventoried, uni t ized,  and repor t s  issued. 

SS Material  inventory d o l l a r  balance ($12,564,115) was t ransfer red  to Contract 
and Accounting Operation for  accumldatioa and reporting, e f f ec t ive  May 1, 1959. 
HLO General Accounting w i l l  continue t o  (1) collsolidate and i ssue  forecas ts  fo r  
outside and ins ide  diversion of SS Material, (2) assist SS Accountability Opera- 
tion i n  preparatory work f o r  witnessed physical inventories of SS Material and 
(3) provide liaison w x k  between Laboratories personnel and Contract and Accounting 

UNCLASSIFIED 
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personnel. 
consist of three copies of the  reconci l ia t ion of SS Material General Ledger 
accounts, the do l l a r  value of mater ia l  by type and HLO Sections, and any inform- 
a t ion  concerning unusual or large changes i n  the  account balances and current 
month a c t i v i t y .  

Output from Contract and Accounting t o  HLO General Accounting w i l l  

IC connection with the inv i t a t ion  extended t o  Biology t o  pa r t i c ipa t e  i n  Operation 
Plow Share - Alaska, performing radioecology s tudies  of the environs before and 
after harbor b las t ing ,  an estimated $6,000 of equipment i s  needed. Approximately 
$3,500 i s  required f o r  supporting equipment t h i s  f i s c a l  year in order that bulky 
equipment. may be shipped by boat t o  a r r ive  i n  Alaska during August the only month 
t.ne sea i s  not frozen. It has been determined t h a t  t h i s  amount can be m a d e  
avai lable  from FY 1959 fwds. 

Appropriation requests t o t a l ing  $l5O,OOO received f i n a l  approval in May. 

HLO completed the transfer of Geceral Books t o  CGCAO during May. 
May C&AO w f l l  prepare t h e  monthly triai balance and d e t a i l  tabulat ions of account 
a c t i v i t i e s .  

Effective with 

C06T ACCCTJMING OPERATI3Y 

The follcndng changes were @e i n  May in the  Hanford Laboratories control  budget 
f o r  FY 1959 and will be re f l ec t ed  on May f inanc ia l  statements: 

Increase 
(Decrease ) 

Increase io Plutonium Recycle Program RafD as a r e s u l t  of $400,000 
receiving $200,000 addi t iona l  funds from AEC and a t rans-  
f e r  of $200,000 from the  equipment au5iorizat2on. 

Increase i n  Swelling Studies provided by expected under- 25,000 
r<ms ia the IPD Maritime Cas Loop. 

Increase ir the CPD sponsored Weapozs R&D Program. 

Decrease in the CPD spomored Separations Development 
Program. 

1L,o00 

(45,cW 

I rc rease  i n  two US Air Force sponsored programs 
Plutonium Inhalat ion Studies 
Atmoapheric Diffusion Studies 

As a r e s u l t  of the  t r ans fe r  of the Personnel Accoucting c l e r i c a l  functions t o  
Contract and Accountirg Operation, e f f ec t ive  May 1, 1959, the cos ts  associated 
with the  Personnel Accounting functions now performed by Banford Iaborator ies  
will 5e i x l u d e d  13 the F i n m c i a l  Operation - &nerd.  Account (7100). 
presec': Persomei  Accounting code, 713C, has been cancelled. 

E f fo r t  was devoted during the month t o  obtain a r e a l i s t i c  cost  closing schedule 
for June, 1959, which required coordination arid in tegra t ioa  with the other  
f inanc ia l  components. 
were made which met with the approval of a l l  concerned. 

The 

As a r e s u l t ,  several  changes i n  the  o r ig ina l  proposal 

i 2 4 0 4 8 4  UNCLASSIFIR: 
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PERSONNEL ACCOLWING OPERATION 

History of overtime, January 1957 through March 1959, 5y Section f o r  each of 
the  nine calendar quarters  was prepared acd reviewed f o r  the  pilrpose of coatrol .  
New cor,5rol l eve l s  were establ ished,  e f fec t ive  k5th the second calerdar quarter 
f a r  i.959 by the Manager - Hanfcrd Laboratories. 

Effect ive April  29, 1959 a representat ive i2 each of the HLO buildings i n  the 
300 Area was assigned the  respons ib i l i ty  of obtaining from k r so rme l  Accounting, 
Room #16, 3702 Building, both exempt and non-exempt salary checks. 
sen2atives will d i s t r i b u t e  pay checks t o  employees authorized t o  receive pay 
checks ast indicated ori each of the  separate bandies of checks. 

The repre- 

I 

AUD IT1 NG 

Fie ld  work is nearly complete oa the  audi t  of Gezeral Accounts and Cash Controls. 
?he audi% of 1nvent.ory Controls i s  to a t . a r t  short ly .  

The wcrk cf preparing a fdkct ional  index cf forms i s  near ly  complete. 
r e s u l t  of' the  work f inished to-date,  seventy forms have been cancelled a6 
Dbsolete 

As a 

A st125y of the procedare and reccrds employed by the  Plant Library fo r  receiving 
subscr ipt ions is  nearing completion. 
l i n e  the  records acd procedures and t o  d i m i n a t e  the  transmiseios of wri t ten proof 
of r ece ip t  t o  Accounts Payable azi  Expediting Operations by es tab l i sh ing  auditable 
records vdthi?, the F l a t  Library. 

The prime purpose of t h i s  study i s  t o  stream- 

Paypoll S t a t i s t i c s  

Total  - Exempt Nor-Exempt 

Employee6 on Payrsll at. EegirJrixg cf Mmth 1 232 579 65 3 
Additions and Transfers In 32 11 21 
Removais and Transfers OJt  2 - 20 - 10 

RnplDyees on Payroll at End of Month 123L 

Overtime Paymcrts Du ing  MoEtk. May April  

Exempt $ 4 251 $ 4 428 
11 583 Xcrc-Exerny;t 12 281 

$16 532 $16 011 

I 

I 2 4 0 4 8 5  TJNCWSIFIED 



!..CLASSIFIED J- 4 HW-6059: 

Gross Payroll Paid During Month 

Exempt 
Noo-Exempt 

Total 

Participation in Fmployee 
Bexflt Plans at Month End 

Pesslor, Plan 
Insurance Plan 
Persolla1 Coverage 
Dopsndezt Coverage 

l2.S. Savings Bonds 
Stock Bonus Plan 
Savisgs Plan 
Savings and Security Plan 

Insurance Claims 

Ehployee Benefits 
Life Insurance 
Weekly Sickness and Accident 
Cmprehensive Medical 

Comprehensive Medical 
Depeodent Benefits 

Total 

Good Neighbor Fund 

Number Par tic lpat ing 
Per cent Parti cipatlng 

May 

$472 058 
297 491 

$769 54% 

May 
Number Percent 

1 165 99.0 

1 230 99.8 
846 

78 39.3 
7.4 92 

1 036 94.1 

May 
Number Amo*mt 

1 $12 963 
8 178 
25 2 903 

May 

827 
67.2 

April 

$469 294 
2azL 
$760 205 

April 
Number Percelt - 
1177 99.0 

1 229 99.8 
845 

77 39.3 
7.3 
94.0 

90 
1 026 

April 
Number Amount - 

0 $ -0- 
8 745 
73 8 291 

142 11 072 - 
$20 108 2 3  - 

April 

642 
68.3 

Manager - Finance 
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1 

. 

INVENTIONS OR DISCOVE€UES 

All persons engaged in work that might reasonably be expected to 
result in inventips or  di.scoveries advise that, to the best of their knowledge 
andbelief no inventions or discoveries were made in the course of their 
work during the period covered by this report except as listed below. 
persons further advise that, f o r  the period therein covered by this report, 
notebook records, if any, kept in  the course of their work have been 
examined for  possible inventions or discoveries. 

Such 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

L. F. Kocher 
F. Swanberg, Jr. 

W. E. Cawley 

R. C.  Wheeler 

D. C. Kaulitz 

J. D. McCormack 

R. T. Alleman 
B. M. Johnson 
W. L. Lyon 

A Field A i r  Sampler for Radiological 
Defense Use, for Monitoring the Spread of 
Air-borne Contaminants from Atomic 
Weapons 
A Position Read Out System for a Reversible 
Rotating Shaft 
Use of Unrectified Alternating Current for 
Electron Beam Melting of Refractory Metals 
In-Reactor Rupture Mechanism for Irradiated 
Fuels  
A Method for Preparing Deuterium or  
Tritium Accelerator Targets 
Conversion of Sodium Nitrate to Sodium 
Carbonate by Calcination with Sugar 
A Pyrochemical Separations Process 
Applicable to Thorium Oxide Reactor Fuels 

UNCLASSIFIED 
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