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V HW-78052 

BUDGET AND COST SUMMARY 

Operating cost f igures  fo r  June  and for  the completed fiscal y e a r  

are  not yet available and wi l l  t he re fo re  be included in t h e  Ju ly  repor t  

summary .  

available funds within designated budgetary controls .  

It is believed these  f igures  wi l l  reflect  effective utilization of 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels  

A tes t  lot of NIE elements  with se l f -brazed  c losu res  w a s  completed 
fo r  i r rad ia t ion  testing. 
on NOE fuel elements.  

Development work has been s t a r t e d  fo r  this  c losu re  

Development of the  hot-headed projection welded c losu re  has  included 

evaluations of: (1) increas ing  t h e  width of projection welds, (2 )  varying post-  
heat t i m e  and cur ren t ,  and (3) varying the  amount of copper in t h e  joint 
interface.  

The  per formance  of N-Reactor fuel components i r r ad ia t ed  in t h e  KER 
loops continues sat isfactory,  as shown by post- i r radiat ion examinations. 

Both bonded and unbonded N-inner fuel e lements  with t ape red  rather 
than flat end caps w e r e  sa t i s fac tor i ly  i r r ad ia t ed  to  1900 Mwd/T in KER 
Loop 2. 

with this end cap design in e i ther  the  bonded o r  unbonded condition. 

No evidence of clad shear ing  at the cap -co re  in te r face  was  observed  

Fluted N-Reactor s i z e  single-tube fuel e lements  continued to  ope ra t e  

sa t i s fac tor i ly  under N- Reactor conditions. 

Precipi ta t ion of hydride platelets  in the  N-inner fuel suppor ts  during 

autoclaving has  resu l ted  in cracking of suppor ts  during s iz ing.  
solution anneal followed by quenching will r e s t o r e  t h e  no rma l  ductility of t h e  

support .  

A 300 C 

DECLASSIFIED 
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Irradiation of Zircaloy- 2 clad lithium- aluminum ta rge t  alloys in 

KER Loops 1 and 2 was s ta r ted .  

t he  per formance  of the ta rge t  ma te r i a l  under  N- Reactor  conditions. 

These t e s t s  w e r e  designed to  establish 

The  conditions result ing in recrystal l izat ion of cold and w a r m  

extruded aluminum-lithium mater ia l  w e r e  determined. 

I r radiated t e s t  specimens having intentional s t r ia t ions  in t h e  

Zircaloy-2 cladding show a high incidence of localized clad thinning at an 
exposure of 1100 Mwd/T. 

Initial study of su l fur  impurity in uranium indicates s o m e  solubility 

of sulfur  in the  gamma uranium phase.  

Uranium and uranium-zirconium alloys containing aluminum, iron, 

and phosphorus a r e  being studied as d ispersed  phase fuel materials. 

In t e s t s  up to  390 hours,  Zircaloy-2 containing up to  1 . 0  wt 70 
uranium exhibits corrosion behavior similar to  Zircaloy-2 in 360 C water .  

Zirconium containing 250-2500 ppm uranium with 1, 2, 3, 4, and 5 wt 70 
beryl l ium shows decreasing cor ros ion  r e s i s t ance  with increas ing  beryl l ium 
af te r  100 hours  in 360 C water;  above 3 wt 70 Be the  samples  developed white 
oxide in these  t e s t s .  

The  m a j o r  cause  of N-fuel self-support  flattening has  been tentatively 

t r a c e d  to  using a charging machine magazine which is slightly larger in  ins ide  

d iameter  than the  p r o c e s s  tube. 

magazine, no significant support  flattening occur red  at column loads up to  

1500 pounds, approximately twice the  anticipated load at N-Reactor.  

In tests employing a p r o c e s s  tube as t h e  

N- Reactor  Zi rca loy  p r o c e s s  tube material is remarkably  r e s i s t an t  t o  
brittle f r a c t u r e  originating f r o m  a 0.360-inch long c r a c k  introduced while t h e  

tube is a t  elevated p r e s s u r e .  At room t empera tu re  the  tube must  b e  s t r e s s e d  
to  the  yield point (about 9870 of ult imate) to  cause  such a c r a c k  t o  propagate  in 

a br i t t l e  manner .  At 150 C (302 F) t h e  c rack  will not prophgate even with the  

1 2 3 3 2 1 9  



HW-78052 vii 

tube s t r e s s e d  t o  the  yield point. 

room t empera tu re  c rack  propagation t e s t s  show that t h e  moving c rack  t ip 
t r ave l s  at about 2500 f t / s ec ,  o r  1 / 6  t he  speed of sound in Zircaloy.  

High speed photographs of one of t he  

In 360 C, pH 1 0  (LiOH) deoxygenated water,, p re t rans i t ion  cor ros ion  

product hydrogen pickup is g r e a t e r  f o r  Z i r c d o y - 2  samples  quenched f r o m  
the  beta phase than for  alpha heat t r ea t ed  samples .  

unaffected by these  heat t r ea tmen t s .  

Corrosion rates a r e  

The inhibition of gas  phase hydriding of Zircaloy-2 at 375 and 425 C 

in 2% H2, 1% COZY helium gas mixtures  :s spparent ly  the  resu l t  of wa te r  
formation by the carbon dioxide-hydrogen react ion.  

The effect of a 100-fold variation in the  carbon monoxide concen- 

t ra t ion  of a typical N-Reactor gas  a tmosphere was found to  be  v e r y  small 
in reducing the  equilibrium water  concentration. 

I r radiat ions of N- Reactor graphi te  a r e  proceeding sa t i s fac tor i ly  in 

t h e  GETR. 

Two predefected t a rge t  elements t e s t ed  in an out -of - reac tor  loop at 
520 F f o r  200 hours  showed no swelling. 

coolant increased  rapidly during the f i r s t  4 8  hours  and then decreased,  

indicating plugging of the  holes with cor ros ion  product.  

The aluminum concentration in t h e  

T e s t s  to  de te rmine  effects of res idual  decontaminants in c rev ices  of 
s t r e s s e d  s t a in l e s s  steel samples  showed no cracking after t h r e e  months of 

exposure,  but s o m e  in te rgranular  attack was noted; pi ts  w e r e  as deep as 8 mils. 

Lithiated w a t e r  at pH 10 and 530 F f lashed a c r o s s  the  face of a 

Zircaloy-2 specimen, t o  s imula te  a leak f r o m  the  N-Reactor p r i m a r y  s y s t e m  

showed a white deposit af ter  t h r e e  weeks, but no acce lera ted  co r ros ion  o r  
hydriding was noted. 

DECLASS IF I E D 
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Irradiation of four  i&E fuel elements to a maximum exposure above 

3000 Mwd/T at high specific power has  been completed to evaluate the  

susceptibil i ty of th i s  fuel to gra in  boundary tear ing.  

Examination of co r rosomete r  probes placed in the  inlet piping 

and s to rage  tanks of present  production r e a c t o r s  to  m e a s u r e  cor ros ion  rate 
of carbon s tee l  in  process  wafer  shows that at low velocit ies nei ther  pH 

(6 .6  o r  7.  O ?  nor dichromate concentration (1. 0 o r  1. 8 ppm) affects t h e  
corrosion ra te .  

noted wlth low-pH, low-dichromate water .  

At high velocity (afps) ,  an inc rease  111 corros ion  rate was 

An unautoclaved, Zircaloy-  clad fuel element is being i r r ad ia t ed  in 

t h e  PRTR. 

rout ine bas i s  is dependent on mamtaining clean meta l  su r f aces  during 

fabrication, delivery,  and charging of t he  fue l  e lements .  Potent ia l  incentives 

include increased  fuel element l ife resul t ing f rom reduced initlal hydrogen 
concentration in the  cladding. and approximately a 5% reduction in direct 
fue l  fabrication costs. I 

The feasibil i ty of eliminating p re i r r a&a t lon  autoclaving on a 

Inspection of i r r ad ia t ed  PRTR fuel e lements  continues to  reveal excellent 
external  appearance with the exception of an occasional damaged w i r e  rod o r  

bundle wrap.  

s erv ic  e. 
Remote r e p a i r s  will be  made before  re turning such  elements  to 

Postirr;Ldiation examinations of four failed,  vibrationally compacted 
PRTR fue l  rods  in one fuel assembly  revealed internal  cladding co r ros ion  at 
end caps distant f r o m  the  fa i lures .  

in t h e  a rch ive  spec imen  of the fuel used  in  t h r e e  of the  rods  is cu r ren t ly  
suspec ted  to  be  the  cause  of failure,  ra ther  than poor  weld quality. 

Moisture  a n d / o r  high chlor ide impur i t ies  

A maximum fue l  thickness variatjon of 1. 6 mils in the  ou te r  fue l  
annulus of a P R T R  tubular  element had no detr imental  effect on the  i r rad ia t ion  

per formance .  
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After 106 days of exposure of an experimental  PRTR Mark I fuel 
element in an out-of-reactor  f re t t ing corrosion tes t  loop, only supe r -  

ficial wear  was observed on the r ing contact su r f ace  of the bottom end 
bracket .  

Fuel f o r  an In-Reactor Enrichment Tes t  Element was fabricated.  

Controlled r e l ease  of the U02enrichment par t ic les  f rom the  fuel r e s e r v o i r  

was  demonstrated with a mockup of the  feed sect ion.  

P re l imina ry  analyses of microdr i l l  samples  indicate that t he  

Of the  fission products analyzed (Ce 
plutonium distribution is relatively constar-t in a (U, Pu)O pellet i r rad ia ted  

134-pr144, Ru 106 , to 1. 7 x 10'' f / c c .  
Zrg5-Nbg5, and Cs137) only Ru106 shows a ve ry  marked  rad ia l  variation 
(10 ) in concentration. 3 

Four  shor t ,  prototypical EBWR fuel rods containing vibrationally- 
compacted, depleted U 0 2 - 2 .  5 wt% PuOz were  discharged f r o m  the ETR 
a f t e r  reaching approximately 1850 Mwd/ Tfuel at anticipated EBWR operating 
heat flux. 

P re l imina ry  examination of two i r r ad ia t ed  specimens of vibrationally 

2 2 compacted, pneumatical!y impacted UO -PuO revealed good i r r a i a t i o n  
per formance  at high heat ra t ings,  s i m i l a r  to that  of pneumatically impacted 
uo2. 

Analyses of microdr i l l  samples  of i r rad ia ted ,  high-heat ra ted  
MgO-Pu02 pel le ts  confirmed significant radial  f iss ion product concen- 

t ra t ion  var ia t ions that resul ted f rom migration of f iss ion products o r  
plutonium in an immisc ib le  fuel sys tem.  

PuO was densified to 9570 of theoret ical  density by pneumatic 2 
impaction, and incorporated into pneumatically-impacted PuO -stainless 
s t ee l  c e r m e t s  fo r  i r rad ia t ion  t e s t s .  

pel le ts  can be simultaneously impacted. 

2 
A novel die w a s  designed in  which six 

1 2 3 3 2 2 2  
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The P u O  concentration in U 0 2 - P u 0 2  fuel c lus t e r s  f o r  t he  P R T R  2 
was increased  f rom 0.48 wt% to 1 . 0  wt%. 

unautociaved Al-1. 8 P u  t e s t  fuel c lus t e r s  w e r e  completed in  June  f o r  PRTR 

irradiat ion.  

Four  U 0 2 - P u 0 2  and t h r e e  

Loss of U 0 2  during arc-melt ing of U o 2 - P u o  2 mixtures  was  con- 
The loss is apparently a preferential  mechanical effect due t o  f i rmed.  

arc - blow. 

A PRTR fuel element (vibrated f o r  two weeks) with ful l -c i rc le  end 

bracke ts  exposed in 530 F, pH 1 0  water  in TF-7  showed fret t ing as deep as 
15 mi l s  at four  locations on a. rod  w i r e  wrap  n e a r  the  cen te r  of the  fuel 
element.  However, a f te r  87 days of exposure t h e r e  was  no apparent  f re t t ing 

at the  end brackets .  

Analysis of data f r o m  experiments  with an e lec t r ica l ly  heated 19-rod 
bundle t e s t  section revealed that t h e  p r e s s u r e  drop was  about what was  

expected f r o m  calculations, but su r f ace  t empera tu res  during local  boiling 

w e r e  somewhat higher than would b e  predicted using s tandard  cor re la t ions .  

The  delay in  the Doppler effect due to  the  lag time in  t r ans fe r r ing  

heat f r o m  P u 0 2  t o  U 0 2  in mixed oxide fuels  is being investigated. 

lation of th i s  problem has been completed in preparat ion f o r  analog computer  
simulation. 

Fo rmu-  

Review of cyclic cor ros ion  tests show that repeated u s e  of APOX f o r  

decontamination should cause  no se r ious  cor ros ion  problems.  

Elevated t empera tu re  burs t  tests of p re s su r i zed  i r r ad ia t ed  P R T R  
p r e s s u r e  tubes  show that  increas ing  the  test t empera tu re  100 F d e c r e a s e s  

t h e  ul t imate  s t rength by about 10%. 

, T h r e e  coextruded Zircaloy clad thorium-uranium fuel e lements  attained 

an exposure of 1680 Mwd/T. This  i r radiat ion will continue in t h e  ETR Loop. 

1 2 3 3 2 2 3  
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The corrosion of thoria  dispersion 

oxygen fi ts  an equation based on parabolic 

hardened nickel in 600 to  1000 C 

fi lm growth plus a l i nea r  phase 

boundary reaction. 
rapidly than TD nickel, by a generally parabolic Process .  

Wrought alloys, 99. 97 and 99.99770 Ni, co r rode  m o r e  

h c r e a s i n g  the b T in the nonisothermal loop f rom 8 C to 55 C 
inc reases  aluminum corrosion r a t e s  by a f ac to r  of 1 . 5  to 2 at  330 C sample  
t empera tu re ,  

r a t e s  by a fac tor  of 1. 5 to 2 .  

Increasing water  pH f rom 5. 4 to  6 . 4  a lso inc reases  cor ros ion  

Time-lapse photographlc recording of tens i le  t e s t s  on i r r ad ia t ed  
molybdenum single c rys ta l s  has revealed that for near ly  ai! or ientat ions 
tested,  an offset occurs  in the  c rys t a l  a f te r  initial yielding. 
proceeds,  the offset is gradually reduced, but rup ture  occur s  a t  the  point 

of the offset. 

As plast ic  flow 

Time- temperature-transformation (T-T-  T )  curves  have been obtsined 

f o r  high quality plutonium (less than 300 ppm total impur i t ies ) .  
with previous T - T - T  curves,  t hese  a r e  shifted in position due to t h e  higher 
puri ty  of the metal  used. 

Compared 

The physical damage associated with the del ta- to-gamma and gamma-  
to-beta  the rma l  cycling of unalloyed plutonium was much less than the  physical 

damage associated with beta-to- alpha thermal  cycling. The density dec reases  

were  l e s s  than 0.01 g / c m  p e r  cycle fo r  the f o r m e r  two, whereas  the density 
dec rease  f o r  beta-to-alpha cycling var ied  with cycling r a t e s  f r o m  0.03 to  

0 . 4  g / c m  p e r  cycle f o r  metal  of the s a m e  quality. 

3 

3 

Direct experimental  evidence that recovery  p r o c e s s e s  a r e  responsible  
f o r  tear ing  in i r r ad ia t ed  uranium has been obtained. 

Tens i le  specimens of TZM molybdenum alloy, Cb - 1 Z r ,  and Cb 752 
(Cb - 2.5  Z r -  10  W) alloys have been submitted f o r  i r rad ia t ion  in t h e  ETR. 
These  spec imens  represent  the f i r s t  r e f r a c t o r y  alloys to be i r r ad ia t ed  under  

the  Irradiat ion Damage to  Reactor Metals P r o g r a m  at Hanford. 

1 2 3 3 2 2 4  
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Investigation of the  effect of loading r a t e  on 2 2 %  cold-worked 

Zircaloy-2 has  shown that Charpy spec imens  undergo a ductile t o  br i t t l e  
t ransi t ion at -175 C in slow bending as compared to 300 C in impact.  A 

30 C inc rease  in t h e  t ransi t ion t empera tu re  is real ized f o r  a 40-fold i n c r e a s e  
in loading rate of fa t igue-cracked notch beams.  These  a re  significant rate 
effects and a r e  attr ibuted to a deformation mode o r  a combination of i n t e r -  
acting modes, which become operat ive in the  high stress field in the  immedia te  

region of the notch. 

High frequency induction heating and in f r a red  radiztion have both been 

successful ly  used as a l te rna te  heat sou rces  fo r  control led-atmosphere t ens i l e  
tes t ing  of re f rac tory  metal  alloys at t empera tu res  of 1000-1500 C. 

Two additional i n - r eac to r  c reep  t e s t s  have been s tar ted,  making t h r e e  
capsules  in simultaneous operation. 

worked Zircaloy-2 at  stresses of 25, 000,a d 35, 000 ps i  at 350 C 1662 F) and 

310 C (590 F), respect ively.  

1 . 5  x 1 0 - 5 / h r  and 5.0 x 1 0 - 6 / h r .  

The two new t e s t s  are on 20% cold- 

Initial c r eep  rates in these tests are 

T h e r e  w a s  no apparent react ion between molten s t a in l e s s  steel 
and U 0 2  after 90 minutes at 1600 C. 

90 A PU ~0170 P U N  cermet was heated f o r  two hours  at about 1000 C 
in vacuum and showed no indicaTion of melting, vaporization, o r  react ion 
with t he  alumina crucible .  

Specimens of tungsten carbide,  z i rconium carbide,  tantalum carbide,  
hafnium carb ide  and a mix tu re  of two p a r t s  hafnium ca rb ide  with one p a r t  
tantalum carb ide  were densified by pneumatic impaction at 1200 C and 
260, 000 psi .  

A sample  of plutonium carb ide  being i r r ad ia t ed  at the  MTR has  reached  
an est imated exposure of 6 x 1 020 f i ss ions /  cc .  

The  melting points of polyphase PUB, PUB*, PuB4, and PuB6 w e r e  

determined to  be 2030, 1825, 2050, and 2100 C, respect ively.  

I 2 3 3 2 2 5  
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Square honeycomb ce rme t  gr ids  of godd s t ruc tu ra l  quality w e r e  

fabricated by pneumatic impaction. 

A fiber reinforced cermet disc  was formed by pneumatic impaction 

of a mixed bed of tungsten f ibe r s  and tungsten-20 ~ 0 1 %  U 0 2  ce rme t  powder. 

Two stror,g inf ra red  absorption bands, at 5 . 5  and 1 0  microns,  w e r e  

found in  sir-gle c rys ta l  U 0 2  and appear  to  be  independent of oxygen-to- 
uranium rat io .  

An apparatus tc m e z s u r e  the  electr ical  coriductivity of U 0 2  at t e m -  
Electrolysis  of liquid U 0 2  p e r a u r e s  up to 3000 C r a p  put into operation. 

was observed during +he f i rs t  run. 

Vacuum insulated capsules containing Mo-U02 and Mo-UN cermets 
clad in Mo: W - U 0 2  and W-UN c e r m e t s  clad in W; and one U 0 2  s ingle  

c rys th l  clad in W P e r e  successfully i r rad ia ted  in the ETR. 
t empera tu res  were  2al:uia:ed to  be  g r e a t e r  than 2000 C. 

Cladding su r face  

Vibrar iond ccmpac:ion techniques utilizing a long horizontal  beam 

f o r  t ransmit t ing energy to multiple rods  now permi t  EBWR-size fuel rods  

to  be loaded routinely with a r c  fused mater ia l  tc requi red  densit ies of 
86 to 89oJo. 

A study has  been s t a r t ed  to determine the  feasibil i ty of monitoring 
neutron fluxes by the  optical  determination of f iss ion fragment  t r a c k s  in 

natura! mica.  

The sixth EGCR graphi te  capsule  has  successful ly  completed two 

cycles  of i r radiat ion in the  GETR. 

F u r t h e r  analysis of i r rad ia ted  boronated graphi te  s zmples  disclosed 

migration of boron f r o m  one sample  i r rad ia ted  ;Lt 540 C, but no migrat ion 
f r o m  graphite i r rad ia ted  ;Lt 315 C. The  migration 1s thought to  b e  re la ted  
to  the  p re sence  of wa te r  vapor .  Analyses for  lithium, formed by s low 
neutrons 

based  on 

1 2  

in the  react ion B(n, a )Li ,  agreed  reasonably well  with estimates 
neutron exposure.  
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A second in- reactor  aluminum corrosion tes t  using nonfueled samples  
The was completed in H-1 Loop using water  at pH 4 . 5  with phosphoric acid. 

in-reLCtor corrosion r a t e s  were  lower than out-of-reactor  r a t e s  and t h e r e  

appeared to be some  difference in corrosion r a t e s  fo r  different alloys. 

Based on a revised c o r e  design fo r  a 300mw!e) F a s t  Supercr i t ical  
P r e s s u r e  Power Reactor, a fuel cycle cost is est imated at approximately 

1 .5  mills/kwh, which compares  with an originally ar,ticipated value of 

about 1 mill /kwh and a cost of 1 . 7 2  mi!ls/kwk; for t he  the rma l  SPPR. 

2.  Phys ics  and lnstruments  

An improved measurement  of t he  con?rol s t rength of s amar ium 
balls is being conducted in t h e  N-Reactor exponential pi le  mockup. 

present  m o c k u p m o r e  closely s imulates  the ball channels in N- Reactor  
than those of previous experiments.  

The  

Scheduled exponentiai pi le  experiments on the  C P i l e  overbore  
program were  completed this month. A f i n d  repor t  is being prepared .  

Using Zirconium p rocess  tubes, measurements  continued on the  

Measurements  on r eac to r  physics proper t ies  of the  K-Reactor la t t ice .  

poison spl ine samples  were  completed in this  latt ice.  

Investigations continued on theoret ical  laws for  the  sca t t e r ing  of 
neutrons by graphi te  and water .  

modified and adopted for  t hese  s tudies .  
Several  computer codes have been 

One of twenty-four gamma energy spec t romete r s  being built a t  
APED fo r  u se  in the  N-Reactor Fuel Rupture Monitoring sys t em was t es ted  

at  the f ab r i ca to r ' s  plant; r e su l t s  w e r e  favorable.  

units is near ly  completed; t he i r  shipment to Hanford is expected soon. 
Fabricat ion of the  o the r  

P r o g r e s s  on the PRTR experimental  Fuel  Test ing Loop includes:  
o rde r ing  of flow controlling equipment; preparat ion of specifications f o r  

scinti l lat ion monitoring sys t ems ,  l ine regulation equipment, and pulse  
genera tors ;  and  placing of o r d e r s  fo r  re lay  rack  cabinets and accessory  

equipment. 
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The multidecade N-Reactor kinetics s ta r tup  model was used to  
study the reac tor  s tar tup process  and various t ransient  conditions. 

N-Reactor p r e s s u r i z e r  model is now operational.  

The 

Subcritical neutron multiplication measurements  continued in the 

Cri t ical  Mass Laboratory using plutonium oxide-polystyrene compacts to  
mock up a polymer which could form in chemical separat ions plants.  

prel iminary data indicate the cr i t ical  m a s s  to be about 3 4  kg of du ton ium 
f o r  a hydrogen-to-plutonium atomic rat io  of 1 5 .  The experiments  a lso 

showed that movement of fuel would be the  best  'method fo r  controlling 

reactivity in this experiment. 
separa t ing  the table  halves and the neutron reflecting proper t ies  of the  
support  s t ruc ture .  

The 

Also evaluated w e r e  the  react ivi ty  effect of 

Nuclear safety consulting se rv ices  were  provided on four problems 
in Hanford Laborator ies ,  on one problem in N-Reactor Department and on 

one off-s i te  shipping problem. 

Correction of an e r r o r  in the  method fo r  calculating the buckling of 
par t ia l ly  filled sphe res  of fissionable mater ia l  has  increased  the  accuracy  

of this method. In other  cr i t ical  m a s s  physics work, ref lected cubic a r r a y s  
of cylinders measured  cr i t ical  at Oak Ridge w e r e  analyzed yielding calculated 

r e su l t s  that  ag ree  with the i r  experiment to within 0. 2% in one c a s e  and 2'70 in 

another.  

Studies of the sca t te r ing  of slow neutrons by 95 C light wa te r  w e r e  
resumed during the month. 

s ta t is t ical  accuracy of previous results and to provide direct  comparison 
with r e su l t s  previously obtained with room tempera tu re  light water .  

Measurements were  made to  improve the  

Fas t  neutron c ross -sec t ion  measurements  w e r e  made  on 22 e lements  

th i s  month. 

measurements  w e r e  made  on s ix  o ther  e lements .  

New data w e r e  obtained on Ce, Yb, and Pb206.  First Hanford 

Repeat measurements  w e r e  
made  on 1 3  elements .  

DECLASSIFIED 
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Studies of high exposure PuAl fueled graphi te  la t t ices  continued with 

analysis  of recently completed experiments which used 19- rod  c lus t e r s  
240 having 20.6% Pu  . 

Isotopic analyses w e r e  made on 51 samples  f r o m  t h r e e  fuel e lements  

which had been i r rad ia ted  in the PRTR. 

P R C F  measurements  continued in  support  of the s ta r tup  of this  
facility. Control rod calibrations w e r e  performed.  Trans ien t  response  
of the r eac to r  w a s  measured  t h o u g h  kinetics experiments .  

on a pile osci l la tor  for  u s e  in the  PRCF.  

Design s t a r t e d  

Design c r i t e r i a  fo r  t h e  HTLTR w e r e  approved by t h e  Ftichland 

Operations Office of the AEC, and design work has  been s ta r ted .  

r epor t  descr ibing the HTLTR was writ ten.  

associated with the compatibility of t h e  proposed nitrogen a tmosphere  
with components of the HTLTR. 

A fo rma l  

Studies began on problems 

Investigations of control rod  effectiveness in a plutonium r e a c t o r  
environment repor ted  last month have been extended to include Hf r o d s  of 

var ious  thicknesses .  

with increased  Pu240 content which is similar to the  r e su l t s  obtained on a 
1 /v absorber .  Work contmued on evaluation of t empera tu re  coefficient of 

Phoenix-fueled co res .  For t h e  r e a c t o r  analyzed, t he  coefficient was  

s t rongly  negative as t h e  t empera tu re  inc reases .  

Results indicate that effectiveness general ly  d e c r e a s e s  

Analyses indicate that  100 g r a m  samples  of v&rious plutonium 
composi tes  are  sufficient f o r  measur ing  the  reac t iv i ty  coefficients in a fast 
spec t rum cr i t ica l  facility. 

ments  in a fast c r i t i ca l  at Idaho Tes t  Station wi l l  begin in July. 
Negotiation f o r  the  per formance  of such m e a s u r e -  

In "fuel r e - u s e "  s tudies ,  i t  was found that a Fermi blanket element 
placed in  t h e  PRTR would have a peak-to-average power ra t io  of 2.31, 

while a uniformly enriched rod would have a ra t io  of 1. 55. 
is cut in t h e  center  and both halves flipped (so that  t h e  middle  of t he  old 
r o d  f o r m s  the  ends of a new one) t h e  peak-to-average power ra t io  is reduced 

to  about 1. 61. 

If t h e  blanket r o d  
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Extensive work continued on physics codes development. A series 

of cases  which tests the  var ious available options in CALX burnup code is 
being run f o r  re ference  and checkout purposes .  

are being obtained f r o m  the  RBU l ib ra ry .  

fo r  general  use.  

which yields flux depression fac tors  for  p rogram GROUSS that  are in  satis- 
factory agreement  with the multigroup, multiregion p rogram THERMOS. 
The  one-dimensional, two-group survey  burnup code, ALTHAEA, was  

used in burnup analysis of t he  NRX fuel element, and good agreement  was  

obtained with experiment.  

Plans to dis t r ibute  off-site, a customer-or iented package consisting of the  

RBU basic  c r o s s  section l ib rary ,  and supporting l i b ra ry  p r o c e s s o r  p rograms  
and documentation, have been formulated.  

C r o s s  sect ion data f o r  HRG 

This  code should soon b e  ready  

A rec ipe  for cross sect ions in p r o g r a m  S-4 was determined 

The  development of t he  RBU code continued. 

New physics methods developed f o r  analyzing plutonium-uranium 
oxide-fueled, light water  moderated r eac to r s  have s t imulated confidence 
as a resu l t  of comparisons with experimental  data. 

ments ,  s i x  enriched uranium oxide (Yankee power plant fuel) and five 
Pu-Al., w e r e  analyzed using the  GAM-THERMOS-HFN s y s t e m  of physics  
computer  codes. 

assemblies differed f r o m  the  experimental  value of unity by less than 1 .5% 
in  al l  c a s e s  and less than 1. 0% in  seven cases. 

Eleven critical experi-  

The  calculated multiplication fac tors  f o r  t h e  critical 

Regenerative neutron flux detectors  containing 28% PuZ3’ and 7270 

PuZ4O have been fabricated and made  ready for reactor i r radiat ion.  Arrange-  

ments  are also being made  to  i r r a d i a t e  t h r e e  Boron-11 detectors  which have 

been checked out in the  laboratory.  

Experimental  data have been obtained which suggest  t he  multi-  
p a r a m e t e r  eddy-current nondestructive t e s t  instrument  can s e p a r a t e  t h r e e  

p a r a m e t e r s  when two of t he  p a r a m e t e r s  are changing simultaneously.  One 
would not expect th i s  f r o m  theoret ical  considerations,  however, and t h e  effect 
is receiving fu r the r  study. 
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Three  - sixteenths -inch, spherical ly  focused t r ansduce r s  have been 

selected f o r  u se  in the ultrasonic tubing inspection station being developed 
under the  AECL-USAEC cooperative program.  

be made  f i r m  as  development of a novel method of generating two beams 
simultaneously.is  completed. 

electronic gating circui ts  can be accurately referenced.  

electronic portions of the prototype station is about 90% complete. 

Final  t r ansduce r  design will 

One beam wi l l  provide a signal to  which 

Fabricat ion of the  

A sa t i s fac tory  method of molding Teflon center  rods  for  u s e  in 

recharging personnel dose m e t e r s  has been developed. 
for  the  purchase of 25 inst ruments  is near ing completion. 

Detail planning 

The dependence of the peak exposure on the  t i m e  of plume t r ave l  
has been investigated f o r  3 6 3  atmsopheric  physics field experiments .  

experiments include ground source  diffusion data collected at  Hanford; 

Arco, Idaho; Dugway, Utah; Cape Canaveral ,  Flor ida;  Vandenberg Air F o r c e  

Base,  California; and  O'Neill, Nebraska.  When the  differences in emission 

t ime,  stability, and horizontal growth a r e  factored into the analysis ,  the  

data f rom the  different locations compare  favorably. Before this  analysis,  
t he  differences in the diff.usion measurements  obtained at the sites had not 
been explained; this  caused disagreement among invest igators  regard ing  

the  values  of the  diffusion pa rame te r s  and the i r  relation to the  meteorological 

var iab les .  

These  

The Hanford summarizat ion has  resolved many of t h e s e  differences.  

Personnel  left fo r  Alaska to  begin the  s u m m e r  p rogram of measur ing  

radioactivity in Eskimos with the  portable  whole body counter.  Other radio- 
logical physica work included the  s t a r t  of a study on u s e  of sphe r i ca l  moder-  

a t o r s  f o r  neutron dosimetry and development of m o r e  sens i t ive  methods for 
ca lor imet ry  . 

Capability for  grinding and polishing laser rods  to optically flat 
to le rance  is being developed in the  optical  shop. 
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3 .  Chemistry 

The efficiency of 15 commercial  agen?s f o r  meta l  coating in  

reducing adsorption of reac tor  effluent radioisotopes was tes ted  in 30-day 
exposures of coated aluminum coupons in r eac to r  tubes downstream f rom 

the  flux zone. 

s i l icone r e s ins )  reduced radioisotope 
2.4 to 4.2, and 1 . 7  to 3. 3 fo r  As76,  P32, and Np 

The f o u r  super ior  agents (including two marking inks and two 
adsorption by fac tors  of 1 .4  to 2 .6 ,  

239 , respectively.  

Operation of the  experimental water  t reatment  plant (feeding two 

KE tubes)  with aluminum ni t ra te  as  the  flocculent and ze ta  potential as the  
p r i m a r y  control index is yieldmg both water  of lower turbidity and longer  

f i l t e r  runs (8 hours ve r sus  5 hours)  than were  obtained with the conventional 
water  t rea tment .  

Using effluent Na24, Ni65 and Ga72 concentrations as indices of 
re la t ive  corrosion ra tes ,  half-reactor  t e s t s  a t  F-Reac tor  h s c l o s e d  no 
significant differences for high and low alum t rea tment .  However, half- 

r eac to r  t e s t s  at D-Reactor indicate a lower r a t e  of corrosion at pH 6 . 6  than 
at pH 7 . 0 .  

Results of heating t e s t s  (500 C) of unirradiated aluminum-clad bismuth 
elements  indicated that the integri ty  of the  s lummum can was near ly  lost  in less 
than one hocr .  

melting point of bismuth (271 C) to prevent bismuth escape during shipment 

o r  s torage .  

Thus. i r rad ia ted  elements should be maintained below the 

Continued observation of the  S r g O  loaded zeolite ca r t r idge  (which is 
re leas ing  about 50 wat ts)  showed no significant s tab le  pressur iza t ion  at 460 C. 
Some t rans ien t  p r e s s u r e  excursions to ca.  30 psig a r e  observed at 500 C and 
a r e  not easi ly  explained in terms of known proper t ies  of zeol i tes  and radiolytic 

p h eno m ena . 

- 

Use of immers ion  e lec t r ica l  hea te rs ,  instead of hot a i r ,  fo r  t h e  
concentration a n d  subsequent in-tank soli&fication of was tes  appears  promising.  
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Studies with synthetic feeds showed that t he  previously-reported 

oxalate precipitation-caustic metathesis  procedure  (for extraction of rare 
ear ths  f r o m  was te  tank sludges) can b e  adapted, with minor  modifications, 

to  accommodate the high lead content found in P u r e x  tank 106A sludge. 

Radiochemical studies of promethium have shown the  low abundance 

0.121 Mev gamma (previously repor ted  by o ther  investigators,  and inconse- 
quential in t e r m s  of promethium shielding requi rements )  t o  b e  in identical 

ra t io  to Pm147 bremsstrahlung in promethium aged two and eight yea r s .  

This  implies  that the  0.121 Mev gamma is emitted by Pm147 and not o the r  
promethium isotopes. 

Pot  calcination of was tes  containing high concentrations of sodium 
n i t r a t e  are found to  fos t e r  f ission product ces ium evolution during p rocess -  

ing and  p r e s s u r e  build-up during s to rage  cf the calcine.  

A mixed bed of Dowex-1 and Dowex-50 r e s ins  showed promising 

r e su l t s  for ruthenium removal  fpom P u r e x  p rocess  acid recovery  conden- 

sa t e .  About 90% of the ruthenium was removed f r o m  600 column volumes 
of condensate. 

Repetitive labora tory-sca le  flowsheet cycles  w e r e  made  in  o r d e r  t o  
demonst ra te  the  integrity of Duolite C-3 r e s in  during process ing  of Redox 

alkaline supernatant was te  f o r  ces ium removal .  
change and less than 5% of the  r e s in  was lost during the  tes t .  

Sorption proper t ies  did not 

Based on labora tory-sca le  s tu&es  with synthetic CSREX 1BP 
solution, Linde 4A zeol i te  appears  to  be  a sa t i s fac tory  packaging ma te r i a l  

f o r  t h e  ces ium and st ront ium products.  

Cracks  observed  in  the Inconel X, 1 &inch, radiant-heat s p r a y  
ca lc iner  are  believed caused by mechanical s t r e s s e s  and lack of solution 

heat- t reatment  of welds. A new, ve r sa t i l e  unit fabr icated of Hastelloy X 
is now under  tes t .  
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Ninety-seven percent  recovery  of ce r ium as CeO 2 at 85% puri ty  was 

obtained on thermal ly  decomposing Ce(N03)2 in a Mg(N03)2 * 6H20 flux, a 
p rocess  under ,study fo r  the  separat ion of f iss ion product ce r ium f r o m  

promethium and o ther  r a r e  ear th  elements.  

No evidence w a s  obtained tc support  the postulate that  spheroidized 

s t r u c t u r e  in  the weld zone is responsible  f o r  t he  initiation of cracking in 
mild s tee l  welds. 

Solid s ta te  electromigration (a P r o c e s s  wherein impur i t ies  are 
depleted in heated solid meta ls  by passage  of direct  cu r ren t )  has  been tes ted  
f o r  t he  first t ime  in plutonium metal .  

Molten sal t  e lectrochemical  s tudies  with t h e  CsC1-LiCl eutectic 

(58 mol70 LiC1) indicate that somewhat improved rare  ea r th  decontamination 
and increased  co-deposition of PuOz with U O  a r e  obtained in th i s  mel t  

than in equimolal LiC1-KC1. 
that it is doubtful that the two could b e  sepa ra t ed  by electrolysis .  

2 
Co-deposition of P u 0 2  and U 0 2  is so  favorable  

A field test of the sand-pack installation of p iezometers  in test wel l s  
was  demonstrated to be supe r io r  to  previous methods both in installation cost  
and t ime.  

F ie ld  work on the s e i s m i c  su rvey  w a s  completed on schedule  with 

r e su l t s  appreciably exceeding expectations. 

valuable information w a s  gained on dril l ing and well logging techniques.  

4. Biology 

In addition to  the  su rvey  resu l t s ,  

The  Symposium on the  Biology of Radioiodine was  held on June  17 ,  
18, and 19. 

May 1962.  

75 on-s i te  r eg i s t r an t s .  

It w a s  the  second in t h e  series, t h e  first one being held in 

One hundred for ty  sc ien t i s t s  f r o m  off-s i te  r eg i s t e red  along with 

F r o m  all repor t s ,  the  meeting was highly successful .  

There appear  to  be  no significant effects on swimming ability of 

young chinook salmon ra i sed  in r eac to r  effluent concentrations of 3 and 6% 

and in t h e  p re sence  of sodium dichromate and quachrome glucosate.  

Detailed s ta t is t ical  analysis  of the data is not complete.  
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Fu r the r  s tudies  with Vertan 690 (proposed f o r  cleaning NPR pipes)  

indicate an LDIO of 1500 to 2000 ppm for  t rou t  and Chinooks, respectively.  
Algae w e r e  affected at 10, 000 ppm but not at 300. Bac ter ia  (E. - -  coli) w e r e  

affected at 1000 ppm but not at 100. 

A high incidence of columnaris  infection w a s  noted in f i s h  taken 

f r o m  the  Yakima River.  

in f ish taken f rom the  Columbia River, suggesting that this  year ,  at least ,  

the  Yakima River is a p r i m a r y  source  of this  organism.  

At the s a m e  t ime,  a ve ry  low incidence was noted 

A markedly increased  s tab le  iodine intake in the  dairy COW is 
followed, after cessat ion of iodine supplementation, by 6- to  8-fold i n c r e a s e s  
in thyroid 1131 uptake. 

t h e  7days following cessat ion of s tab le  iodine feedmg. 

Milk concentrations of 1131 inc reased  50 to 7570 in 

Comparison of thyroid damage in sheep f r o m  1131 adminis t ra t ion o r  

external  X r a y  i n h c a t e d  an approximately 20-fold g r e a t e r  effect f r o m  Xkay, 
although damage f rom the  two s o u r c e s  was not s t r ic t ly  comparable .  

The  ethyl e s t e r  of DTPA appears  to be  less effective than DTPA 
itself in removal  of deposited P u  f r o m  rats, although ce r t a in  differences in 
t h e  pa t te rn  of removal  (higher fecal  P u  excretion with the  ester) dese rve  

f u r t h e r  study. 

Effor ts  to  influence t h e  t ranslocat ion of subcutaneously injected 
P u  in swine by local  injections of chymotrypsin o r  by application of cold 

packs o r  tourniquets  w e r e  without sufficient beneficial effects. 

239 in 

About one-third of t he  initial deposit was retained in the  body at 
A dog has died 1204 days following deposition of 6 .29  wc of P u  

its lungs.  

death, with 4970 of that re ta ined being present  in lung, 1870 in bone, and 
5% in l iver .  

nodes--500 times higher  than the  average  concentration in lung and 5000 

times higher than the  average  concentration in bone. 

The  highest P u  concentration was present  in bronchial  lymph 
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Studies a r e  in  p rogres s  TO determine the  usefulness of the  Physical  

Constants Tes t  Reactor f o r  neutron i r radiat ion s tudies  in r a t s .  

Iodine-131 levels  in deer  and elk thyroids f rom California, Maryland, 

Montana, and New York were  all below detectable l imi t s  (0.01 n c / g  wet wt). 

Pre l iminary  data f r o m  one inland vil lage in Alaska indicates an 

average  increase ,  over  las t  yea r ,  of 25% in the  Cs137 body burden. The 

maximum value obtained in 1962  was 790 nc, and in 1963, 1230 nc. The 
Eskimos of this village uti l ize l a r g e  amounts of csr ibou fo r  food and had 
higher body burdens in 1962  than did m e m b e r s  of other  vil lages.  

o ther  vil lages and foods wi l l  indicate whether  this is a general  i n c r e a s e  o r  
specific f o r  this village. 

Data f r o m  

5. P- 

The computations for  the study of production in cent ra l  

station power r eac to r s  a r e  being completed. 

brought to final form.  

writ ing a code to organize,  summar ize ,  and plot the resu l t s .  After 

examing the r e su l t s  of extensive efforts to es tabl ish equitable dol lar  values 
240 P u ~ ~ ' ,  Pu242, and Am243, a m o r e  l imi ted  definitive f o r P u  , P u  , 

study w a s  designed to complete this pa r t  of the  program.  

All codes and data tapes  w e r e  

The balance of the effort has been in the  direction of 

239 

The  conservation of f i ss i le  ma te r i a l  in a var ie ty  of r eac to r  types 

fo r  both batch and graded i r radiat ion was studied. 

graded i r rad ia t ion  methods a r e  idealized ex t r emes  that wil l  bracket  most 

p r a c t i c d  methods. Using the  batch cycle, i t  is presumed that t he  excess  
neutrons a r e  absorbed in the  control sys t em while in the  graded cycle  no 
neutrons a r e  lost  to the  control sys tem.  

The batch and t h e  

Four  different fuel eons ervation indices a r e  computed in this  analysis .  
Each is the  rat io  of the  heat produced during the  i r rad ia t ion  in megawatt days 

to s o m e  amount of f i ss i le  ma te r i a l  in g r a m s .  

dependent on r e a c t o r  type. 

plutonium recyc le  fueling sys t ems  which will include success ive  recyc le .  

They a r e  quite s t rongly 
This  analysis  technique is now being applied to  
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It has been shown that the  value of the  plutonium bred  in a the rma l  
r eac to r  is proportional to the p r i c e  of fully-enriched uranium. The effect 

on the  fuel cost  of ignoring this finding was investigated f o r  graded i r r a d i -  

ation in a water-moderated-  and heavy-water-moderated r eac to r  simulation. 

The r e su l t s  show that neglecting to adjust the  plutonium credi t  with an, 
i n c r e a s e  in  the p r i c e  of uranium can cause a significant difference in the  

fuel cost  when the p r i c e  of natural  uranium is as  low a s  $50 p e r  ki logram. 

The design c r i t e r i a  f o r  the heating and cooling of the  HTLTR w e r e  

reviewed. A number of changes in the  proposed equipment w e r e  recom-  

mended, including reduction of the c o r e  heating input, elimination of the 

sa turab le  reac tor  f o r  heating control, enlargement of the  cooling sys tem,  

and provision of a coolant backup fo r  the gas  sys tem.  
in general ,  favorably received in a June 27 discussion with m e m b e r s  of 
HL and CE&UO, and should simplify the design task  of the a rch i tec t -  
engineer.  

These  changes were,  

TECHNICAL AND OTHER SERVICES 

One new plutonium deposition c a s e  was confirmed during th i s  
month. The body burden f o r  this employee w a s  es t imated to be 470 of the  
maximum pe rmis s ib l e  body burden. The re  were  two plutonium incidents 
involving 1 4  employees which required special  bioassay sampling to  
determine i f  in te rna l  deposition had occurred .  

total  number  of individuals who have received internal  plutonum deposition 

at Hanford is 318. 

deposition c a s e s  cur ren t ly  employed remains  at 229. 

Pending bioassay resu l t s ,  the 

With the resignation of one employee, the  number  of t h e s e  

The City of Richland began feeding f i l t e red  Columbia River  water  
into the municipal water  sys tem.  

s ince  ea r ly  May to r echa rge  the North Richland well  field. 
Columbia River  wa te r  has  been used 

A minor s p r e a d  of par t iculate  contamination occur red  at the  

100- K Area.  The  origin of the par t ic les  appeared to  be  one of the retention 
,. .l *( 
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tank which had been allowed to dry.  Surveys of ground su r faces  showed 

above normal  concentrations ( 3  par t ic les  p e r  100 squa re  feet)  up to four  

mi les  southeast of the 100-K Areas .  

Calibration of the mobile whole body counter was completed. 

Orientation meetings and inspections of this mobile facility w e r e  held fo r  
m e m b e r s  of the management staffs of the  Chemical P rocess ing  and I r r ad i -  
ation Process ing  Departments. 

A systematic  sequential sampling plan was developed for  inspection 
problems on N-Reactor facil i t ies.  

Analysis of diffusion data f r o m  hot- die-sizing end-bonding shows that 
the depth of the Al-Ni  diffusion layer  and the  type of bond depend quite 
s t rongly on t ime  and tempera ture .  The reported r e su l t s  included prediction 

formulae  f rom which the experimenter  can determine the  canning conditions 

which lead to the desired bonding cha rac t e r i s t i c s .  

Assis tance was given in the  interpretat ion of the  operating cha rac t e r -  
~ 

235 in i s t ics  of the present  acceptance specifications f o r  t he  percentage of U 
natural  and enriched uranium. 
gives ve ry  l i t t le  chance of re ject ing a good ingot i t  a lso has  ve ry  l i t t le  

power to detect out-of-spdcification ingots under many conditions. 

It was determined that while t he  procedure  

The u s e  of cumulative s u m  control cha r t s  was recommended and 
adopted fo r  controll ing two var iables  associated with weapon component 

chemical specifications.  

A new boundary value approach is being taken toward the  solution of 

t he  nonlinear sys t em of second o r d e r  differential equations which expres s  the  

m a s s  t r a n s f e r  of uranium f rom organic  to aqueous s t r e a m s  in  the  experi-  
mental  pulse  column. 

analysis  was  done on the  organic  volume fraction prof i le  data f r o m  a block 
of 4 8  experimental  runs.  

In connection with this s a m e  work fu r the r  s ta t i s t ica l  

1 2 3 3 2 3 8  
D E C L ~  
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A systematic  design was constructed fo r  an experimental  p rog ram 
+5 

to investigate the chemistry of the hydrozine reduction of [N P 3. 
A computer program was writ ten for  the numerical  inversion of a 

Laplace t ransform.  

over  a l a r g e r  range of conditions is continuing. 

Investigation to improve the accuracy of the inversion 

A regress ion  analysis is being done of plutonium homogeneous 
spher ica l  cr i t ical  m a s s  experimental  data to determine t h e  re la t ive  m e r i t s  

of s eve ra l  r eac to r  physics code sys tems which theoret ical ly  calculate  koD 
and cr i t ical  mass .  

does the best  job of simulation for  the plutonium homogeneous spher ica l  

sys t em and that i t  w i l l  point up anyinconsistencies in the  physics and 
chemis t ry  input data. 

It is hoped that this  study wil l  show which of the sys t ems  

SUPPORTING FUNCTIONS 

P R T R  output fo r  June was 1289 Mwd ( a  new monthly r eco rd )  f o r  an 
experimental  t ime  efficiency of 76.170 and a plant efficiency of 61.470. 

T h e r e  were  nine operating per iods during the  month, of which seven w e r e  
te rmina ted  manually and two were  terminated by s c r a m s .  A s u m m a r y  of 
the  fuel i r rad ia t ion  program as of June 30, 1963, follows: 

A1-Pu 
Program 

Totals u02 PUO2-UO2 Other  
No. Mwd No. Mwd No. Mwd NO. Mwd No. Mwd - - - - - -  --  -- 

In-Core 1 5  1017.5 12  1652.4 58  3027.7 85 5697.5 
Maximum 105.7 183.8 95.2 
Aver age 67. 8 138.2 53.2 

In - Basin 28 1850.7 54 3724.7 12  464.2 1 7 . 3  95 6046.9 

C h emi c a1 
Process ing  32 2309.3 - 1 78. 0 

P r o g r a m  
Totals  

33 2387.3 - - -  - 

75 5177.5 67 5455.1 70 3491.9 1 7.3 213 14131.7 - - - - - -  
Note: (Mwd/Element) 20 Mwd/TU f o r  U 0 2  and P u o 2 - U o 2  

I 2 3 3 2 3 9  
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A total of 81 reac tor  outage hours were  charged to r e p a i r  work. 

Main i t  ems  were: 
Installation of new effluent activity monitors (DC 182) - 1 6  hours  
Helium compressor  r epa i r s  - 1 4  hours  

P r i m a r y  pump repa i r s  - 28 hours  

Helium valve r epa i r s  - 1 0  hours  

June was an excellent achievement month in heavy water  loss 
This  was the lowest heavy water  l o s s  f o r  an 

Losses  for  June were  555 pounds 
reduction performance.  

($7700) and s c r a p  generated was 1902 pounds ($1818). 
accumulated through June 30 for  r e tu rn  to SROO amounted to 9669 pounds 
valued at  $121, 629. 

operating month yet experienced. 1 1  

Heavy water  

The P R C F  was operated routinely fo r  20 days. Shutdown f o r  

i r r ad ia t ed  fuel preparat ions and moderator  hea te r  t ie- in  consumed 10 

days.  The cadmium bullet experiment was accomplished without incident. 

The installation of the Rupture Loop tes t  section in B Cell  is complete 

except f o r  radiography of one weld r epa i r .  

Blower procurement  fo r  the  Gas Cooled Loop Faci l i ty  has  been 

completed and  the t h r e e  blowers a r e  installed in the loop. The  project  is 
98.6% complete; the  remaining work, tes t  section installation, will not b e  

done at this  t ime.  

Total  Technical Shops Operation productive t i m e  f o r  the  month was  

27, 840 hours .  Distribution of t i m e  was as  follows: 

Manhours P ercent  of Total  
N Reactor  Department 2 ,  748 9. 87 
Irradiat ion P rocess ing  Department 5 ,482 19 .69  
Chemical P rocess ing  Department 31 1 1.11 
Hanford Labora tor ies  19, 289 69.29 
Construction Ehgineering & Utili t ies 10 . 04  

I 2 3 3 2 L ! - O  ' DECLA- 
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Total productive t i m e  f o r  Laboratory Maintenance Operation was 
17, 100 hours  of 19, 400 hours  potentially available.  

t ime,  88.5 w a s  expended in support  of Hanford Labora tor ies  components 

with the  remaining 11. 570 used in providing s e r v i c e  fo r  o ther  HAPO 

Of the  total  productive 

organizations.  

Manpower utilization for  June w a s  a s  follows: 
A. Shop Work 2400 hours  

B. Maintenance 6500 hours  
I. Prevent ive Maintenance 1500 hours  
2 .  Emergency o r  Unscheduled Maintenance 1800 hours  
3 .  Normal Scheduled Maintenance 3200 hours  
4. Overt ime (included in  above f igures)  2 3 00 hours  

8 200 hours  C. R&D Assis tance 

Visi tor  presentation activity f igures  show: 

Number of Vis i tors  
Since 6 - 1 3 - 6 2  In June 

Vis i tors  Center  3718 47 780 

Plant  T o u r s  314 -- 

HAPO professional  recru i t ing  activity this  month is given below: 

P lan t  Offers  Acceptance Rejections Open Offers 
Vi s i t s  Extended Received Received at Month Ehd 

P h .  D 1 3  1 2  8 5 11 

BS/MS (Direct  
Plac ern ent ) 12 1 1  7 3 

4 27 BS/MS ( P r o g r a m )  2 5 

Six technical  graduates  w e r e  placed on permanent  ass ignment .  

Thir ty-four  additions to  the  p rogram w e r e  effected and two te rmina t ions  

occurred .  

w a s  6 0 .  
The total  number of graduates  on the  p r o g r a m  at month end 
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Authorized funds f o r  ten act ive pro jec ts  total $6,435, 000. The  
total es t imated cost  of t hese  projects  is $10,680, 000 of which $698, 000 had 

been spent through May 31, 1963. 

Manager, Hanford Laboratories 

HM P a r k e r :  JEB:mhs 

DECLASSt FIED 

I 2 3 3 2 4 2  
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REACTOR AND FUELS LABORATORY MQNTHLY REPORT 

JUNE 1963 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MA'IWUPILS - 02 PROGRAM 

1. Metallic Fuel Development 

Phosphorus Impurity i n  Uranium. Investigation w a s  continued on the 
e f fec ts  of phosphorus i q u r i t y  on uranium structure ,  fabr icabi l i ty ,  
properties 9 -  and- fuei element qua l i ty"  

Examinatiori of NIE fue l  containing 300 ppm phosphorus i n  the as- 
extruded, beta heat t reated,  and braze heat affected conditions 
w a s  completed. No detrimental e f f ec t s  on bonding o r  core s t ructure  
were observed. Tensile property data t o  200 C are shown in  the 
fallowing table .  Phosphorus lowers the room temperature d u c t i l i t y  
axid ultimate strength. 
ferences due t o  phosphorus are  noted. 

A t  temperatures of 100 C and higher no d i f -  

Attempts t o  prepare higher phosphorus contents by a rc  melting buttons 
of uranium w i t h  UP have resulted i n  s t ructures  composed of uranium, 
uranium-UP eutect ic ,  and an additional compound t h a t  i s  apparently a 
uranium-oxygen-phosphorus phase, 
has been observed i n  segregated sections of these melts but not i n  
quant i t ies  sa t i s fac tory  f o r  analysis.  

The complete eu tec t ic  s t ructure  

Sulfur Impurity i n  Uranium. An a l te rna te  uranium scrap recovery 
process at NLO w i l l  use uranyl ammonium su l f a t e  (UAS) t o  replace 
the uranyl ammonium phosphate (UAP) feed t o  the Winlo process. 
e f f ec t s  of sulfur addition t o  uranium are being studied. 
buttons were prepared using uranium and US t o  yield approximately 
5000 and 2500 ppm sulfur. Compound formation was observed that w a s  
canfimed as  US by J. W. Colby at NLO by electron microprobe 
examination. Variable sulfur coxtent in the compound was observed, 
indicating e i t h e r  "coring" o r  variable oxygen content i n  the US 
phase. 
quenched o r  slowly cooled. Apparent eutectoid decomposition of 
e i the r  the gamma or  beta s t ructure  w a s  noted. 
appeared t G  r e t a in  the sulfur content of the eutectoid in solution. 

The 
Arc melt 

Specimens were held four hours at 800 C and e i t h e r  water 

The quenched sample 

Alternate Core W t e r i a l s .  The p a n i c l e  size and d is t r ibu t ion  of 
intermetal l ic  compounds in standard M-fuel (150 Fe - 100 S i )  is being 
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determined fo r  material irA the single beta heat t reated,  braze 
heat affected and single beta heat treated, and the straightened 
and re-heta heat t rea ted  conditians. These data w i l l  serve as a 
basis fo r  comparison of a l te rna te  campositions being studied as 
dispersed phase systems. 

Material from arc  cast  buttons of (1) U - 1 w/o Z r  - 200 ppm Fe - 
350 ppm Al, (2) U - 1 w/o Zr  - 350 ppm P, and (3) U - 400 ppm Fe - 
TOO ppm Al w a s  t rea ted  three days at  both 800 C and 1050 C, water 
quenched, and reheated 100 hours a t  600 C. 
tures and d is t r ibu t ion  of intermetal l ic  compounds a re  being studied 
by opt ical  and electron microscopy. 

The resu l t ing  struc- 

Closure and Joining. 
on the a l loy  coupons of the zirconium + beryllium, zirconium + 
beryllium + uranium and Zircaloy-2 + urmium series. 
r e su l t s  have been obtained: 

Corrosion t e s t s  i n  360 C water have continued 

The following 

1. 

2 .  

3. 

Zirconium containing 4, 4.5 and 5 w/o Be has turned white 
a f t e r  810 hours and the weight gains have increased sharply. 

Wrcaloy-2 containing 0,5 and 1.0 w/o uranium remains 
glossy black a f t e r  a 390-hour exposure. This behavior 
should not be expected i n  the  reactor but does c lear ly  
show t h a t  autoclave t e s t ing  i s  not a su i tab le  means of 
detecting uranium contamination i n  the Zircaloy-2 cladding. 

Zirconium containing 250-2500 ppm uranium with 1, 2, 3, 4, 
and 54 beryllium shows a decreasing corrosion resis tance 
w i t h  increasing beryllium after 100 hours in 360 C water. 
The coupons containing 1 and 24 Be with q t o  
have the same appearance and weight gains as the 4 and 5% 
Be w i t h  no uranium additions. 
the coupons turn white in the  autoclave. 

w/o uranium 

Above 3% Be w i t h  uranium 

Light adsorption measurements of the corrosion f i lm appears t o  be a 
valuable t o o l  i n  studying the corrosion behavior of zirconium 
alloys.  Sl ight ,  but consistent changes i n  the  l ight adsorption 
appear before e i t h e r  a visual color change o r  a s igni f icant  w e i g h t  
gain r a t e  occurs. 
t o  50 hours p r io r  t o  formation of a noticeable gray fi lm. 

The l i g h t  adsorption w i l l  increase shsrply 10 

Self-Brazed Closure. 
f o r  i r r ad ia t ion  under a production test u t i l i z i n g  the  self-braze 
closure w a s  completed. 
similar pr inciples  t o  the  developmnt of a sa t i s fac tory  closure f o r  

A test  l o t  of N-Reactor inner tube specimens 

Work is proceeding w i t h  the  adaptation of 
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N-Reactor outer tubes. This work involves: (1) selection of 
usable tube stock t o  make working material fo r  test  pieces, 
(2) applying nondestructive t e s t s  t o  this material t o  insure 
suitable quality, ( 3 )  cutting stock t o  working length, (4)  re- 
cessing and shaping ends, (5)  fabrication and f i t t i n g  of cap 
rings, (6) plating and "tinning" cap rings, (7) assembling and 
welding closures, (8) modification of the Sciaky welder t o  
accommodate specimens, (9)  processing specimens in  the welder, 
(10) evaluation of results,  and (11) repetit ion of processing 

w i t h  modifications as  indicated by results.  

Hot-Headed Closure Studies. 
produce sound projection welds on hot-headed NIE type fue l  
elements u t i l i ze  ring projections which are machined 0.03O-inch 
wide a t  the base of the projection. 
the weld widths are approximately 0.035-0.040-inch on the CD and 
0.030-0.035-inch on the ID. By increasing the width of the 
machined projections from O.03O-inch t o  0.040-inch the weld 
widths increased t o  approximately 0.045-0.050-inch. 
crease i n  size would make the projection welds s l igh t ly  larger  
than the cladding thickness. The quality of these welds w a s  
not as consistently sound as the narrower welds. This variation 
i n  quali ty i s  attr ibuted t o  current l imitations of the laboratory 
equipment. 
current capacity would consistently produce the larger projection 
welds. 

The procedures currently used t o  

After projection welding 

This in- 

It i s  believed tha t  welding equipment w i t h  greater 

A ser ies  of samples were welded using different  postheat time and 
current levels.  
schedules can be used t o  obtain bonding of both the uranium-copper- 
Wrcaloy and the Zircaloy-copper-Wrcaloy joints. I n  general, it 
is  evident that  uranium-copper-Zircaloy bonds are accomplished be- 
fore the Zircaloy-copper-Wrcaloy joints  are bonded. 
the uranium i n  the vicini ty  of the joint  reaches the melting point 
during a successful closure weld. 

It w a s  demonstrated tha t  a variety of postheat 

A p r e n t l y  

A series of samples were made using different  amounts of capper 
i n  the joint  interface. 
t ro l l i ng  plating t i m e .  
metallographic examination of single cross sections of each jo in t  
showed no apparent differences in the uranium-Zircaloy joints  but 
did show improvement i n  joint  geometry and thickness of the 
Wrcaloy-Zircaloy joints  as the amount of copper w a s  reduced. 

Detailed drawings were completed of tooling fo r  Hanford t e s t s  
employing the 1200 KVA welder at the Rocky Mountain Arsenal. 

The amount of copper was varied by con- 
Although these studies are not camplete, 
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Examinatioc of Irradiated "NN1 Fuel Elements. The post-irradiation 
examination of two inner fuel element components irradiated at  near 
prototypic conditions i n  KER is i n  progress. No unusual features 
or unsatisfactory p e r f o m c e s  have been revealed. 
w i l l  continue w i t h  particular emphasis on +,he "buggy spring" type 
supports used on the inner component.- Examination of three outer 
tubes from the same prototypic i r radiat icn t e s t  has been completed 
w i t h  satisfactory performance and behavior being noted. 

The examination 

A charge of 14 NAE's w a s  discharged from a KER loap a f t e r  attaining 
an average exposure of 1800 W / T .  
exposuE w a s  conducted at  N prototypic conditions and the last one- 
th i rd  w a s  conducted a t  reduced coolant teqera tures .  
the 
Post-irradiation weighing i n  the basin fo r  swelling determinations 
shows a range of 0 t o  1 v,/o fuel  swelling i n  the inner components 
and 0.3 t o  2.5 v/o fuel  swelling i n  the outer compcnents. I n i t i a l  
basin examination indicates the components are f ree  of any severe 
w a r p  w i t h  no indication of crud deposltion or corrosion. 
sonic nondestructive examination by Testing Methods indicated the 
fuel i n  the outer components w a s  crack-free except fo r  one com- 
ponent which had been dropped 10 feet  during handling. 

Five N E ' S  irradiated i n  KER Loop 1 t o  an average exposure of 
1400 W / T  were found +yo have experienced fue l  swelling i n  the 
range of 0.7 t o  1.3 v/o. These elements opelated i n  annnonia pH 
controlled coolant and appear t o  have performed sat isfactor i ly .  

The f i r s t  two-thirds of the  

Analysis of 
data reveals a maximum assembly exposure of 2860 MWD/T. 

Ultra- 

Tapered Ehd Cap Irradiation Test. 
w i t h  tapered end caps have been irradiated t o  1900 MWD/T i n  ICER 
Loop 2 .  
caps, and the other four have unbonded electron beam welded caps. 
The calculated surface temperature ranged from 168-226 C. 
elements operated at  a specific power above tha t  anticipated f o r  
N-Reactor conditdons. Density neasurements IE the basin indicate 
the swelling t o  be 0.5-15 with no s ignf f icmt  difference between 
the bonded and unbonded elements, V i s u a l  exambation in both the 
basin and iL air  i n  Radimtal lurgy showed no abnonaalities i n  any 
element. Lorigitudiml sectlor-s of both Ends -of ari unbonded and a 
bonded element were prepared and examined. 
brit t le-type cracking i n  %he uranium between the  tapered portion of 
the caps and the OD cladding on both elements. 
bonded element extended through the braze layer t o  the cap, but i n  
neither element d id  the cracks extend in to  the cladding. 
of clad shearing, as experienced w i t h  f l a t ,  flush, unbonded caps, 
was observed. 

Eight N-mer fue l  components 

Four of these elements have braze bonded and TIC welded 

The 

They revealed some 

The cracks m the 

No evidence 
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Fluted Fuel Element I r radiat ions.  
Reactor s i ze  fue l  elements have completed four cycles of ir- 

Tvo f lu ted ,  single-tube N- 

radiation (800 W / T )  i n  the E39 M-3 f a c i l i t y .  
are'being tes ted  under conditions approximately equivalent t o  
N-Reactor operating conditions. 

These elenrents 

Fuel Component Development. I r rad ia t ion  of four Hanford B E  f u e l  
elements was completed i n  the KIlR GEE€-4 loop f a c i l i t y  t o  investi- 
gate the possible occurrence of large volume Increases (grain 
boundary tear ing)  a t  intermediate I r rad ia t ion  temperatures. A 
calculated maximum exposure of 3100 MWD/T w a s  achieved i n  t h i s  
t e s t  w i t h  the  maximum fue l  temperature calculated t o  be approxi- 
mately 700 C. 
be returned t o  Hanford f o r  examhation. 

These elements were discharged on June 17 and w i l l  

Cladding Deformation Studies. 
a t o t a l  of 94 Zircaloy-2 clad uranium rods have been irradiated 
t o  provide data on cladding s t r a i n  capabi l i t i es  as a function of 
cladding thickness uniformity, temperature and exposure. Nine of 
these capsules were discharged a t  1100 WD/T and the remainder at  
approximately 1800 MWD/T. 
opened and i n i t i a l  visual  examinations made on the 25 f u e l  samples. 
All seven samples which had intent ional ly  extruded s t r i a t i o n s  of a 
depth of 3 6  of the nominal O.025-inch cladding thickness show 
necking on the external. cladding surface. 
w i t h  s t r i a t i o n s  of 15$ of the cladding thickness show necking, and 
three of the eight sanrples with no intent ional  s t r i a t i o n s  showed 
necking indications on the external  cladding surface. 
sample with a nominal cladding thickness of 0.035-inch and an in- 
ten t iona l  extruded s t r i a t i o n  of 30$ did not show any indications 
of necking. Diameter measuremnts a re  being made in order t o  
cor re la te  t o t a l  s t r a i n  with the  onset of v i s ib le  local ized de- 
formation. 
charged a t  an estimated exposure of 1800 MWD/T w i l l  start i n  July. 

Thirty-six MaK capsules containing 

The low exposure capsules have been 

Five of the eight samples 

The one 

Examination of the  remaining capsules which were dis- 

I r rad ia t ion  of Thorium-Uranium Fuel Elements. 
clad thorium-2.35 w/o U-235 - 1.0 a/o Zircaloy f u e l  elements 

Three Wrcaloy-2 

completed t h e i r  second cycle of I r rad ia t ion  i n  the BTR P-7 Loop. 
The maximum exposure a f t e r  two cycles is  1680 W / T .  
elements w i l l  be weighed t o  determine the extent of swelling, 
and w i l l  be re - ins ta l led  f o r  a t h i r d  cycle of i r rad ia t ion .  

The f u e l  

N-Reactor Fuel Support Development. I n  the  assembly of the  inner 
and outer tubes which make up t he  N-fuel it is  necessary t o  "size 
up" the  inner supports t o  center the  inner f u e l  and produce a 
specified spring constant in the inner fue l  support system. The 
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s iz ing  operation i s  done by mechanically deforming the support t o  
decrease i ts  length and increase i t s  height after the inner fue l  
i s  i n  place. 
have been autoclaved, Although the  supports have more than ade- 
quate d u c t i l i t y  t o  take the s iz ing deformation without damage in 
the  as-fabricated condition, it was found t h a t  s iz ing would produce 
cracks i n  autoclaved supports. 
was found t o  result f romthe  presence of hydride p l a t e l e t s  which 
form i n  the Zircaloy-2 during S l O W  cooling in t he  autoclave. The 
crystallographic orientatfor& of the zircoLlum i n  the  loops of the  
supports was such t h a t  the hydride p l a t e l e t s  formed approximately 
normal t o  the  inner surface of the  bend. Since the s iz ing operation 
places t h i s  region of the part i s  tensioL, the  hydrides a c t  as crack 
i n i t i a t o r s .  
by rapid cooling w i l l  elrmine.te the  iarge yle,telets ar,d restore  the 
d u c t i l i t y  of the support, 

This operation i s  done after the  f u e l  components 

This suscept ib i l i ty  t o  cracking 

It w a s  found that a solution anneal a t  300 C followed 

Although the  solution t rea t ing  appears t o  provide an -diate 
solution to the problem, hdditional improvements such as reduction 
of hydrogen pickup during fabricat ion and changes fc textur ing of 
the  s t r i p  are being studied. 

Fuel Element Support Fabricatioo. 
is currently fabr icat ing a second lc t  of 30,000 N-outer f u e l  element 

Metal Fabrication Development 

supports, 
was 3O>OOO par t s .  Improved delivery of s t r i p  from XRD has per- 
mitted fabricat ion of approximately 23,000 par t s  f o r  t he  period 
June 17 through June 21. - 

Total pa r t s  prodmed fo r  the  period M y  16 through May 31 

F'uel Component Development. 
damage t o  N-Reactor process tubes by charging N-fuel elements are 

Laboratory tes ts  t o  scudy possible 

proceeding. 
the reactor process tube i s  damaged by the repeate.3. corrosion of 
the bare Zircaloy-2 t h a t  is exposed as a resuit of scratching by the  
fue l  element supports. The test  cycle consis ts  of passing steel 
support shoeS 40 times over a s ingle  path 011 the process tube, then 
autoclaving the  tube i n  400 C3 1500 p s i  steam f o r  14  days t o  give 
the corrosion product buildup on the bare Zircaloy-2 equivalent t o  
t h a t  expected t o  form ir.-reactor between the  charge and discharge 
of the fue l  elements. 

Tests are being corducted t o  determine t o  what extent 

The s ix th  autoclave cycle has been completed and 40 passes made on 
the  process tube i n  the same damaged region as the previous tests. 
After t h e  th i rd ,  fourth,  and f i f t h  autoclave cycles, 50 passes with 
s t e e l  shoes were made w i t h  no sign of scratching the  process tube 

DECLASSIFIED 



, and it was necessary 50 intent ionai ly  i n i t i a t e  scratching i n  order 
t o  continue with the or iginal  purpose of the t e s t s ,  
t h i s  last cycle the Scratching s t a r t ed  immediately, 
t o t a l  depth of the damaged regior- a f t e r  the last  40 passes i s  
O.OO25-inch and the average over the Length of the  tube is 0.0016- 
inch. From the data i n  these t e s t s ,  the increase i n  scratch depth 
per cycle i s  0.00035 t o  Oo0O04~-ir~ch. 
l a t e s  t o  0.018 t o  0,023-inch in 2009 passes as compared t o  a maxi- 
mum of 0.003-inch wear in a t e s t  i n  which 2000 passes were made on 
a tube without intermediate auzociavingL 

However, i n  
The maximum 

This rate of wear extrapo- 

There may be two reasons fo r  the difference. The removal of the  
autoclave fi lm formed between each se r i e s  of passes may result i n  
deeper t o t a l  scratch depth i n  the cyclic scratch-autoclave t e s t ,  
or  the autociaving zycle a’: 400 C may cause recovery of some of the 
cold-work lnduced i n  %he surface of the tube during the scratching 
t e s t .  In-reactor The coid worked surface of the tube would not be 
annealed as i n  the  autoclave, but there  would be a corrosion f i lm  
f o m d  

To determine how much of the damage i s  caused by removal of the 
corrosion f i lm and what the possible annealing e f f ec t s  are i n  the 
autoclave t e s t s ,  two new se r i e s  of tests have been s ta r ted .  I n  
the f i r s t  t e s t  a sectior, of process tube,  designated as section B, 
i s  scratched w i t h  50 passes of s t e e l  shoes and then is heated in 
vacuum a t  LOO C for  14 days. 
used i n  the  autoclave tests. 
a f t e r  one heating cycle increased the scratch depth 0.0002-inch. 
The t e s t  w i l l  be repeat.ed on t h e  same damaged section of the  process 
tube fo r  fur ther  comparison with the cyclic autoclave-scratching 
t e s t s  a 

This is the  same heating cycle as 
A second se r i e s  of 50 passes made 

The second t e s t  being made on process tube section A consis ts  of 
50 passes with s t e e l  shoes followed by a heating cycle of 400 C 
f o r  14 days in a vacuum. 
mum scratch depth of OOOOi2-inch, and the  second series of 500 
passes a f t e r  a heating cycle did not increase the scratch depth. 

The first 500 passes resul ted i n  a maxi- 

Analysis of Fuel Element End C&ps. 
pansion between fuel. and end cap materials i n  metall ic f u e l  elements 
is  a poten t ia l  cause of f u e l  element f a i lu re s .  A numerical method 
of stress analysis  f o r  shaped end closures with thickened o r  re- 
enforced cladding near the end cap has been developed, programmed, 
.and numerically evaluated. General case s tudies  have been run for 
t rans i t ions  with l i nea r  and power l a w s  of thickening. 
indicate t h a t  major reductions ic bending s t resses  can be obtained 

The difference in thermal ex- 

These s tudies  

2 
0’ 

. . .  
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use of t rans i t ions .  The l i n e a r  thickened cladding, when .. ~ - 

properly designed, w i l l  give the lowest bending s t resses  throughout 
the cladding region. 
ships have nearly the same bending s t resses ,  have lower bending 
s t resses  near the end cap, and are  l e s s  c r i t i c a l  in regard t o  the 
length or  height of the t r ans i t i on  zone. 
been M f o r  "N" inner and "N" outer fue l  elements. 

The t rans i t ions  described by power relat ion-  

Actual case s tudies  have 

A ser ies  of cases were run which represent the geometries en- 
countered i n  the hot-headed closure technique. The case studies 
run on these geometries showed t h a t  the bending s t resses  f o r  the 
closures presently being formed were from two t o  three times l e s s  
than those encountered i n  closures without t rans i t ions .  The general 
case studies and the designs f o r  the  N-Reactor closure a re  described 
i n  the d o c w n t  HW-77816. 

Besides the mechanical analyses, a temperature d is t r ibu t ion  analysis 
based on a nodal point solution has been programmed and .numerical 
results obtained on 8 representative case. This solution w i l l  
analyze the temperature d is t r ibu t ion  within a r b i t r a r i l y  shaped end 
closures f o r  cyl indrical  geometries which have ax ia l  symmetry. 

Vibrational Studies. A theore t ica l  study has been completed on the  
e f f ec t  of process tube vibrations and t h e i r  re la t ion  t o  f u e l  element 
support design, Two programs were developed: one is  a two-component 
model f o r  the vibration of 8 fue l  assembly, and the  second calculated 
the spring constants of various shaped supports. The spring constant 
program only applies t o  non-sized supports. 
can be used w i t h  e i t h e r  calculated or  measured values f o r  the  support 
spring constants. 
has been published. 

The vibrat ional  program 

A document describing these programs (RW-77415) 

Fabrication of C r u d  Probe Stock. 
of Th - 1$ w/o U - 1.0 w/o Zr  have been double vacuum a rc  melted f o r  

Tu0 3.8'' diameter x 50 l b  ingots 

the  fabricat ion of a long l i f e  constant power heat source f o r  heat 
t r ans fe r  studies. 
and w i l l  be used as p i l o t  material f o r  the other which is  alloyed 
with 93% enriched uranium. 

Qle of the ingots i s  alloyed with na tura l  uranium 

Coextrusion of t he  p i l o t  stock has been completed. This was done a t  
760 C i n  the  700-ton press and produced a rod 1" diameter x 135" long 
with a 0.475" diameter Zircaloy-2 core piece and 8 0.025" Wrcaloy-2 
cladding. 

The reduction r a t i o  of 15 t o  1 required a peak force of 620 tons 
yielding an extrusion constant of 17.2 TSI. This extrusion constant 
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i s  the lowest yet obtained on a thorium-uranium coextrusion. 
Previous constants on seven extrusions of 2.5 w/o U ranged from 
19.0 t o  21.3 TSI. The so l id  ra ther  than tubular shape plus  the  
lower uranium content probably accounts f o r  the lower constant. 

Lithium-Aluminum Target Elements. 
-perimental lithium-aluminum targe t  elements ? canned in aluminum 
and Zircaloy-4, was i n i t i a t e d  i n  KER Loops 1 and 2 t o  invest igate  
the performance of the ta rge t  material under N-Reactor conditions. 
However, a leak i n  Loop 1 has limited the e x i t  ioop water tempera- 
tu re  t o  40 C p  while insufficient heat generation i n  Loop 2 has 
l imited the  e x i t  water t o  250 C. 

I r rad ia t ion  t e s t ing  of 16 ex- 

Two ta rge t  elements were intent ional ly  defected by d r i l l i n g  a 
0.025-inch hole through the  Zircaloy-4 cans. 
t es ted  f o r  approximately 200 hours i n  an ex-reactor loop w i t h  the  
loop coolant at  280 C and 1250 ps i .  
i n  the  loop water w a s  determined per iodical ly .  The concentration 
of aluminum i n  the coolant was detectable within 10 hours after 
s tar tup,  peaked a f t e r  20 hours and decayed t o  the background l eve l  
a f t e r  40 hours of the test .  A t  the end of t he  t e s t  a visual  macro- 
scopic examination of the ta rge t  elements showed no evidence of 
gross corrosion i n  the v i c in i ty  of the defect.  
being sectioned f o r  fur ther  examinatior. 
a ta rge t  element rupture which occurs during i r r ad ia t ion  can be 
detected by monitoring the i r rad ia t ion  t e s t  loop water f o r  
aluminum concentration. 

The elements were 

The concentration of aluminum 

These elements are 
This test indicates  t h a t  

Target Element Development. 
completed on the extruded aluminum-lithium cores. The section ex- 
truded cold shows a mch f i n e r  grain and a lower recrys ta l l iza t ion  
temperature than the 300 C extruded section. 
begins a t  350 C a f t e r  only 30 minutes and i s  e s sen t i a l ly  complete 
at  400 C after 30 minutes. The 300 C extruded section begins t o  
r ec rys t a l l i ze  a f t e r  30 minutes a t  400 C, i s  e s sen t i a l ly  complete 
a f t e r  one hour, and is  completely recrys ta l l ized  a f t e r  30 minutes 
a t  450 C. 
growth. 
extruded b i l l e t s  was L50 C f o r  45 minutes. 

Metallographic examination has been 

Recrystal l izat ion 

Longer time and higher temperature results i n  grain 
The f i n a l  heat treatment chosen f o r  both the cold and w a r m  

High Temperature Inductiori Furnace. A 200 KW induction b i l l e t  pre- 
heat furnace has been designed f o r  heating extrusion bi l le ts  up t o  
a maximum temperature of 4000 F. This furnace w i l l  be powered by 
the 3000 cycle building supply and w i l l  be attached t o  the  200 KW 
mobile s ta t ion .  The furnace w i l l  be capable of handling extrusian 
b i l l e t s  up t o  4" oo> arid 12" long. 
order and the furnace should be operable by August 1963. 

All  items f o r  t h i s  furnace are on 
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2. Corrosion and Water Quality Studies 

Rotating D i s k  Corrosion of Aluminum. Accelerated corrosion t e s t s  
are  being conducted on aluminum alloys,  using high rotat ional  r a t e s  
(- 72 f t /sec at the periphery of a L-inch disk).  P i t t i ng  was ob- 
served a t  the outer edge of a 4-inch disk of 1245 aluminum al loy,  
rotated f o r  72 hr  a t  90-95 C (194-203 F)  i n  300 Area t ap  water. 
t o  water losses from the system the tank pH increased t o  9.2 during 
the run. 
shaf t .  
6.7. 
w a s  observed i n  a 72-hr run. 
water a t  pH 6,o w i t h  10 ppm chloride ion added. 
no p i t t i ng  attack. 

Due 

The sample w a s  e l ec t r i ca l ly  insulatedafrom the rotat ing 
The run was repeated using t ap  water w i t h  the  pH adjusted t o  

During the run the pH increased t o  8,7. However, no p i t t i n g  

The sample showed 
A t h i rd  d isk  w a s  rotated i n  deionized 

Corrosion of Zircaloy-2 Containing Varying Amounts of Beryllium and 
Uranium. 
Fabrication Development t o  determine the cause of oxide sloughing 
on N-Reactor fue l  end closures has been in i t i a t ed .  
containing varying amounts of beryllium (1-5s) and uranium (200- 
1000 ppm) have been prepared. 
tes ted  i n  360 C (680 F)  deoxygenated water f o r  exposures up t o  s i x  
months. Following each exposure) the coupons w i l l  be weighed and 
amount of gray oxide w i l l  be determined by opt ica l  r e f l e c t i v i t y  of 
the saqple. 
5s beryllium w i l l  be added t o  the t e s t  l a t e r .  

A jo in t  investigation by Chemical Wtal lurgy and W t a l  

Zircaloy-2 samples 

The various samples w i l l  be corrosion 

Additional samples containing 25 t o  200 pprn uranium and 

Effect of Heat Treatment on t he  Corrosion and Hydriding of Wrcaloy-2. 
The e f fec t  of heat treatment on the corrosion and hydriding of 
Zircaloy-2 exposed t o  360 C (680 F)  pH-10 (LiOH) deoxygenated water 
is under study. After 28 days of exposure v i r tua l ly  no e f f ec t  is  ob- 
served on corrosion. Weight gain f o r  the  cy heat t rea ted  samples is  
23.2 mg/& as compared t o  24.5 mg/dn? f o r  t he  p heat t rea ted  samples. 
Pretransi t ion hydrogen pickup i s  higher f o r  p than Cy heat t rea ted  
samples e The corrosion product hydrogen pickup f rac t ion  is  32% f o r  
the heat t rea ted  samples and 46s f o r  the@ heat t rea ted  samples, 
400 C (752 F )  steam pretransi t ion hydrogen pickup i s  independent of 
heat treatment. 

In 

Effluent Activity and In-Reactor Corrosion Testing. 
aluminum corrosion i n  high (18 ppm) and low (7.5 ppm) alum content 
process water were obtained from samples i n  F-Reactor production 
channels during a half-plant test under PT-549. The corrosion of 
aluminum f u e l  cladding material  (x-8001) w a s  - 0.2 m i l  per month f o r  
coupon samples exposed i n  process water t rea ted  with e i t h e r  18 or  
7.5 (average) ppm alum. Process tube material (1100 aluminum a l loy )  

Measurements of 

1 2 3 3 2 5 3  



UNCLASSIFIH) A- 12 HW-78052 

samples corroded a t  a r a t e  of 0.35 mil per manth i n  water t rea ted  
w i t h  7.5 ppm alum, and O o 5  mil per mnth  i n  the high-alum t rea ted  
water. I n i t i a l  penetration of 1100 a l loy  samples w a s  a l so  higher 
i n  the water t rea ted  wi th  i8 ppm alum. Samples of aluminum a l loy  
6061 showed a procounced e f f ec t  of alum treatment, with corrosion 
ra tes  of 0.43 m i l  per month i n  the  lov-alum water and 0.82 m i l  per 
month i n  the high-alum t rea ted  water. 

Corrosion Monitoring i n  Productiori Reactor Coolant a p i n g  Systems. 
Corrosomet.er probes have beer- ins ta l led  i n  the tanks and feed l i n e s  
of the reactor water supply system at  C g  D, KE and Kw Reactors. 
Preliminary measurements indicate that  pH 6.6 and pH 7.0 process 
waters, w i t h  e i the r  1.0 or  1.8 pprn dichromate, a re  equally corrosive 
t o  carbon s t e e l ,  with one s igni f icant  exception. 
the case cf low pH and high velocity. I n  a system w i t h  a pH of 6.6, 
dichromate dosage of 1.0 ppm, and flow velocity of about e ight  feet 
per second, the calculated corrosion r a t e  w a s  aboat 0.1 mil per 
month, while the ,rates in other systems a t  low flow were all i n  the  
range 0.0i t o  0.04 mil per month. 

__ 
The exception is  

Additional cornsometer probes w i l l  be in s t a l l ed  i n  the sample room 
water l i nes  of D-Reactor during the present outageo 
time, corrosion samples w i l l  be placed i n  the  process channels in 
the sample room water lines. 

A t  the  same 

I n - F l u  Film Adsorption and Corrosion. Activation measurements w e r e  
obtained from metal f o i l s  exposed wi th  f i lm  and corrosion samples In 
1706-KE Fac i l i t y  SP-1, 
values f o r  thermal neutron fluxes and f a s t  neutron fluxes in the tes t  
channels. Preliminary measurements indicate t h a t  nickel,  titanium, 
and i ron provide accurate fast f lux measurements, and tha t  the co- 
balt content i n  nickel I s  equaily a s  sa t i s fac tory  as aluminum-cobalt 
a l loy  f o r  measuring thermal flux. The nuclear reactions icvolved 
are: (1) Co-59(~?, V >  Co-60, ( 2 )  Mi-58(n,p) Co-58, ( 3 )  Ti-k6(n,p) 

These measurements were used t o  provide 

SC-46, and (4) Fe-54(njF) Mi-54, 

Easurements of thermal f l u  from cobait present i n  the nickel f o i l  
may require correction, Under cer ta in  conditions, due t o  formation 
of CO-60 by the reaction ~ i - 6 0 ( n , p )  CO-60. 

Evaluation of W O H  as Replacement f o r  LiOH f o r  pH Control. 
of K-1  Loop was resumed UI June using t a r g e t  elements i n  ammoniated 

Operation 

coolant at  pH 10. Initial operations were conducted at low temperature 
i n  the ex-reactor sect ion t o  obtain a material  balance f o r  t he  ammonia. 
This objective was accomplished. 
posi t ion e f f ec t s  were Unsuccessful, however, since the temperature 
could not be raised above 80 C. 

A t t e m p t s  t o  evaluate thermal. decom- 
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A few hours a f t e r  in-reactor operation was i n i t i a t e d ,  a leak de- 
veloped a t  the process tube i n l e t ,  necessitating operation a t  low 
temperature. 
the next reactor shutdown. 
decomposition can be obtained while t h i s  type of operation continues. 

Operation under these conditions w i l l  continue u n t i l  
Very l i t t l e  meaningful data on ammonia 

In  general, the  coolant samples were s l i g h t l y  turb id  during t h i s  
period; however, the tu rb id i ty  is a t t r ibu ted  t o  the  low-temperature 
operation rather  than t o  the  ammoniated coolant, since turbid 
coolant conditions are  a l so  encountered i n  lithiated systems at  low 
temperature. 
elements as the resu l t  of the turb id i ty .  

Some crud deposition may be encountered on the fue l  

To date, radiolysis  of the coolant has not been s ignif icant ,  
apparently since gross formation of oxygen and peroxide has not 
been observed. 
l i t h i a t e d  systems under these conditions. 
presence of ammonia inhibi ts  the radiolysis  reactions that result 
i n  the formation of oxygen and peroxide. 

Appreciable radiolysis  i s  a normal occurrence in  
It i s  possible t h a t  the 

Activity Monitoring i n  K Loops. 
buildups a t  33 designated points i n  the K - 1  and K - 2  loops was 
i n i t i a t e d  t h i s  month and w i l l  continue through the  next f i s c a l  year. 
The measurements are pa r t  of the program t o  determine the f e a s i b i l i t y  
of using NH40H i n  N-Reactor. The K - 1  Loop w i l l  have ammoniated water 
as  coolant while K - 2  w i l l  have l i t h i a t ed  water. The data from the  
K - 2  Loop w i l l  be used f o r  comparison purposes. 

A program t o  monitor the  a c t i v i t y  

Pr ior  t o  reactor  s tar tup,  both loops were decontaminated. Only the  
in-reactor portion of K - 1  w a s  decontaminated, while t h e  full K - 2  
Loop was decontaminated. 
dicated the leve ls  i n  K - 2  were 2 t o  8 times higher than i n  K - 1 .  
After the s ta r tup  of the  reactor,  the radiat ion leve ls  i n  K-2 become 
very high. Apparently the loop w a s  not adequately flushed a f t e r  the  
decontamination, and the crud subsequently released was circulated 
through the  f lux zone and became very radioactive. 
hours a f t e r  s tar tup,  the  pump strainer and a blow-down valve w e r e  
reading 3 r /h ro  The same posit ions i n  K - 1  were reading 29 mr/hr. 
In K - 2  twelve of the t h i r t y  points w e r e  1 r/hr o r  more - three 
points could not be monitored during reactor operatian. The high 
radiat ion levels i n  K - 2  demonstrate t he  necessity f o r  proper flushing 
a f t e r  cleaning or  decontaminating. 

Radiation readings p r io r  t o  s t a r tup  in- 

Seventy-two 

Crud Formation on Fuel Elements. 
reactor W O H  t e s t  in K - 1  were discharged and examined i n  the  KE 
viewing f a c i l i t y .  

Fuel elements from the  first in- 

The elements had been i n  t he  reactor  f o r  a period 
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of about two months (March 6 t o  May 12)  wi th  operation a t  260- 
280 C f o r  43 days and at  70-80 C f o r  19 days. 
posure there were three outages t o t a l l i n g  six days. 
f i l m ,  2-5 mils thick,  w a s  d i s t r ibu ted  over the surfaces of t he  
elements. This crud has been removed f o r  examination and w i l l  
be analyzed f o r  specif ic  gEunma a c t i v i t i e s ,  t o t a l  iron, t o t a l  
cations, and chloride content. . The coolant conditions during 
i r rad ia t ion  were not adequately controlled t o  determine whether 
t h i s  f i l m  is typ ica l  of operation w i t h  NQOH. 

During the ex- 
A brown crud 

&-Reactor Testing of Target Elements. 
defected with a 25-mil hole near the  end cap were dynamically 
tes ted  in TF-7 under simulated KER conditions. Element A w a s  
t es ted  f o r  202 hours a t  530 F and Element B f o r  112 hours at  
530 F.' The purpose of the  t e s t  was two-fold: (1) t o  determine 
whether a rupture could be detected by an increase i n  aluminum 
concentration i n  the water, and (2)  t o  determine the  rupture 
charac te r i s t ics  of the element. 

Two t a rge t  elements pre- 

No swelling w a s  observed when the elements were discharged. 
There w a s  suf f ic ien t  release of aluminum t o  the coolant f o r  de- 
tec t ion  purposes. The aluminum concentration increased very 
rapidly during the  first 48 hours and then decreased t o  back- 
ground l eve l  of the  loop, indicat ing corrosion products w e r e  
plugging the  defects.  

Decontamination Testing f o r  N-Reactor. 
can be decontaminated by single-pass techniques using cycl ic  
procedures. 
time and control standpoint. 
pleted during the  month of cyclic procedures using alkal ine 
permanganate (10 min a t  105 C ) ,  r inse ,  acid (10 min  at  70 o r  85 C),  
and rinse. Sulfamic o r  oxalic acid solutions w e r e  successful in 
removing films a f t e r  six cycles; APACE was r e l a t ive ly  ineffect ive,  
espec ia l ly  with aged films. 

Stainless  s t e e l  systems 

Single-pass procedures may be advantageous from a 
Preliminary evaluations were com- 

Cyclic corrosion tests have shown t h a t  comonly used decontamina- 
t i n g  procedures (APACE, APOX, APSUL) properly controlled cause no 
serious problems with any of the materials usually found i n  water- 
cooled reactor  systems. However, incomplete r insing and subse- 
quent high-temperature operation w i t h  trapped o r  residual decon- 
taminant can lead t o  serious corrosion problems. 

A test  was recent ly  completed i n  TF-7 t o  determine e f f ec t s  of 
trapped decontaminants i n  crevices. Stressed crevice samples 
of Zr-2, welded and non-welded 304 and 316 stainless steels, 
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were exposed i n  the laboratory f o r  s i x  hours in AP a t  100 C, s i x  
hours in OX a t  60 C, 24 hours a t  room temperature i n  Ap, and 24 
hours in OX a t  room temperature. 
without rinsing and exposed a t  530 F f o r  three months i n  l i t h i a t e d  
water. 
th i r teen  304 s ta in less  steel s t r e s s  coupons an intergranular p i t -  
t i ng  at tack 0.008" deep had occurred. 

The samples were placed in TF-7 

Cracking i n  the  crevices did not occur. On one of the 

Flashing Tests. Water at 530 F and conditioned t o  pH 10 w i t h  
l i t h i u m  hydroxide was flashed across the  face of a Zircaloy-2 
specimen t o  simulate a leak from a Zr-2 process tube. A t h i n  
white deposit, presumably LI2CO3, was found after three weeks; 
the quantity of material w a s  insuf f ic ien t  t o  obtain a chemical 
analysis.  
corrosion or hydriding. 

Metallographic examination haE not shown accelerated 
The t e s t  i s  continuing. 

Evaluation of Materials fo r  Cleaning Carbon Stee l  a p e .  
proprietary compounds have been tested t o  determine r e l a t ive  
e f f ic ienc ies  i n  removing lacquer and mill scale  from carbon s t e e l  
pipe. Pract ical ly  all of the compounds remove the mill scale  i f  
used under recomended conditions. Some remove the  lacquer only 
pa r t i a l ly .  One additive designed t o  remove the lacquer caused a 
heavy prec ip i ta te  t o  form and f i l m  out on the  iron surfaces. 

Several 

Gas-Atmosphere Studies 

Graphite Burnout Monitoring. 
ser ted January 209 1963, were discharged from channels 1889 and 

Small graphite burnout monitors in- 

1960 at C-Reactor on June 3, 1963. Results showed the  highest 
oxidation rates in channel 1960, where a very sharp peak of 215 
per 1000 operating days ($/KCID) occurred a t  the usual locat ion 
of 80 inches in to  the graphite. 
much lower, 
one of l$/KOD a t  about 144 inches. 

In  channel 1889-C the rates were 
A peak of @/KCID appeared at  102 inches, and a smaller 

A new f a c i l i t y  a t  =-Reactor, channel 5080, was assigned t o  t e m -  
porary monitoring service.  

Graphite-Zirconium Compatibility in the N-Reactor. 
expression and r a t e  constants f o r  the water-gas s h i f t  react ion 
(both forward and reverse) 

A kine t ic  

CO + H20 + C% + H2 

have been obtalned and put i n to  the  N-Reactor atmosphere computer 
program. The e f f ec t  of a 100-fold var ia t ion in carbon monoxide 

,.&,'.'* . .  
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inlet gas content on the removal of water by reaction with 
carbon monoxide was found t o  be very s l i g h t  
gases containing respectively 0.509 0.076 and 0.076 nun Hg of 
H208 H2 and C e 9  and 0.076, 0 ~ 7 6  o r  7.6 mm of CO, the ou t l e t  
water contents were calculated t o  be 0.48, 0.47 and 0.45 nun Hg. 
Assumed flow w a s  400 f t j jmic;  maximum graphite temperature, 820 C. 

For i n l e t  helium 

Increasing the frequency fac tor  f o r  the forward reaction by a 
fac tor  of 10 resulted i n  the loss of about 0.02 mm more of the 
water. 
monoxide is probably not important t o  the compatibility problem, 
it must be emphasized t h a t  the possible e f f ec t  or’ radiation was 
not included i n  the r a t e  expressions. 
t o  check the above calculations.  

Although the above calculations indicate tha t  carbon 

Experiments are planned 

Hydriding of Zircaloy-2 w i t h  Thick Qxide Films.  In March 1963, 
it was reported Zircaloy-2 samples with th ick  oxide fi lms 
(250 mg/&) hydrided a t  425 and 375 C i n  a 34 H2) 24 CO, 0.055 
E20 helium mixture, whereas samples w i t h  t h i n  autoclave f i l m  
had not hydrided during the 37-day exposul.e. 

A second group of the samples has been exposed 83 days t o  the  
same atmosphere and the  results agreed with the  37-day data. 
The th ick  fi lm samples continued to hydride whereas the th in  film 
samples s t i l l  show only a small amount of corrosion product hy- 
drogen absorption, 

Effect of CO;, as a Hydriding Inhibi tor .  
three surface pretreatments (etched, pre-autoclaved i n  400 C 
(752 F) steam, vapor blasted)  have been exposed f o r  40 day6 at 
375 C (707 F) and 425 C (797 F) t o  a 24 H2, 1% Co;! helium mixture. 
No gas phase hydriding of the etched or preautoclaved samples has 
been observed. The vapor blasted samples all showed signs of gas 
phase hydriding; however, vapor blasted surfaces are unusually 
prone t o  hydriding. 
preautoclaved samples has occurred i n  40 days establ ishes  t h a t  
the Co;! i s  acting as a hydriding inh ib i tor  at  the 1s concentration. 
However, C% st i l l  appears i n fe r io r  t o  H20 as an inh ib i tor  since 
H20 has successfully prevected hydriding of vapor blasted samples 
a t  H20 concentrations of only  O.O5$. This observed effect iveness  
of Ce is  the r e s u l t  of water formation due t o  Co;! + H2 +H20 + 
C. 
cressed from 10 ppm t o  200 ppm &O as the  gas mixture and semples 
were heated t o  425 C (797 F). This l eve l  of water vapor accounts 
f o r  the  observed inhibi t ion.  

Zircaloy-2 coupons with 

The f a c t  t h a t  no hydriding of t he  etched o r  

A moisture analysis of t he  gas showed the  water content in- 
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4, Process Tube Deveiopment 

B r i t t l e  Fracture Test of Reactor Pressure Tubes. Recent tests 
have shorn I?-Reactor process tube material t o  be remarkably re- 
s i s t an t  t o  b r i t t l e  f racture  originating from a 0.360-in~h long 
crack introduced while the tube i s  at  elevated pressure. 
has proven. necessary even a t  room temperature t o  stress the  tube 
t o  the yield point (about 985 of ultimate) t o  cause such a crack 
t o  Propagate i n  a b r i t t l e  manner. 
the crack w i l l  not propagate ever: with the tube s t ressed t o  the 
yield point.  The Gc value (a  measure of crack toughness) for  
t h i s  material calculated on the basis  of these room temperature 
t e s t s  is  about 7COP a number t h a t  compares favorably with the  
800-1000 range exhibited by the toughest t u r b z e  rotor  s t ee l s .  

It 

At 150 C (302 F )  and above, 

Io high speed photagraphs at  17,000 frames per second of me of 
the room temperature crack propagatior, t e s t s  the movirig crack t i p  
appears t o  t r ave l  as  about 2100 f t / s ec .  This is about 155 of the  
speed of sound i n  Zircaloy. 

5. Thermal Hydraulic Studies 

N-Reactor Studies. An e l e c t r i c a l l y  heated t e s t  section w a s  fab- 
r icated t o  represent the outer piece of the &Reactor tube-in- 
tube f u e l  elemeEt bituated eccentr ical ly  within the  process tube. 
The test section was  designed t o  obtain boiling burnout data f o r  
the case where the devices supporting an N-fuel piece i n  t h e  
process tube would f a i l ,  leaving only the weld tabs  between the  
fue l  and process tube, 

The t e s t  section consisted of a 2.390-inch on> by 0.145-inch w a l l  
Hastelloy "C" heated tcbe housed i n  a 2.7OO-inch I D  process tube 
in the  horizontal  posit ion.  A 23-inch length of the  heated tube 
w a s  eccentr ical ly  located i n  the  process tube such t h a t  t he  mini- 
mum annulus, 0.040-inch thick,  w a s  oriented t o  the  bottom of the  
process tube. 
located upstream of the eccentric piece. 
each end of the  heated sec5ioIi passed through the  process tube 
end seals t o  provide the  e l e c t r i c a l  connections. 
on the eccentric length, located 3 inches from each end, provided 
the  0.040-inch spacing. 

A cmcentr ic  9-inch length of heated tube was  
Copper rods attached t o  

Ceramic supports 

During boiling burnout experiments the test section developed leaks 
when the eccentric portion bowed u n t i l  an e l e c t r i c a l  short  was de- 
veloped between it and the  process tube. 
section was the  r e su l t  of d i f f e r e c t i a l  thermal expansfan around the  

Bowing of the eccentr ic  



circumference of the tube a r i s ing  from higher f l u i d  temperatures 
i n  the minimum anndus region. 
supports permitted the bowing t o  accelerate u n t i l  contact w a s  
made w i t h  the process tube about midway between the supports. 
A new eccentric section has been designed t o  a l l ev ia t e  t h i s  
severe bowing 

I n  other experiments f o r  N-Reactor, detai led plans were developed 
f o r  the  first group of experiments t o  determine pressure drop- 
flow relationships f o r  an N-Reactor process tube and fue l  elements 
w i t h  net  steam generation. These experiments a re  designed f o r  
determination of off-standard conditions which would produce flow 
i n s t a b i l i t y  e i the r  i n  the  tube or i n  any of the three f u e l  element 
flow channels. This information w i l l  be used i n  se t t i ng  operating 
limits t o  prevent f u e l  damage from the subs tan t ia l  flow reductions 
which can result from flow ins t ab i l i t y .  

The l7-inch length between 

The experimental apparatus f o r  these tests is  a f u l l  scale model 
of the downstream half of a process tube and fue l  column, w i t h  
typ ica l  ou t le t  fittings and connectors. 
stream half of the fue l  column is  an e l e c t r i c a l l y  heated test  
section, w i t h  stepped-cosine heat generation. 

The model of the down- 

The first group of experiments will invest igate  re la t ionships  at  
pressures comparable t o  those provided by the  emergency cooling 
system, and about equal t o  planned s ta r tup  pressures. 

6. Shielding Studies 

MAC Code Development. 
culation of cross sections f o r  MAC input. The BARNS code calculates  

Three computer codes were debugged f o r  cal-  

isotopic  neutron cross sections i n  the  pa r t i cu la r  group s t ruc ture  
desired and prepares cards for t he  new Elemental Cross Sections 
code. This code calculates  cross sections in a form su i tab le  f o r  
MAC input and punches the  input cards. 
e l a s t i c  W t r i x  calculates  the  MAC neutron ine l a s t i c  matrix and 
punches cards f o r  MAC input. 

A new program cal led In- 

Shielding Ekperimentation. 
i n  the  counting room at l704-D t o  clean up, res tore  some of the  

Equipment was inventoried and work began 

apparatus t o  working order, and t o  ca l ibra te  it. 
able neutron spec t ra l  analysis instnuPentation disclosed t h s t  three 
i n s t m n t s  might be su i tab le  f o r  shielding experlmentstion. These 
are: 

Survey of avai l -  

(1) the  He3 proportional o r  so i d  state spectrometer f o r  t he  
0.1-0.8 Mev energy range, (2) the U k so l id  s t a t e  detector  f o r  t he  
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0.6-6.5 Mev rangep and ( 3 )  the  p l a s t i c  or st i lbene single c rys t a l  
s c i n t i l l a t i o n  detector f o r  the  1-12 Wv range. 
instruments require collimation. 

Combined use would enable experimental determination of neutron 
spectra over the  energy range of major interest in shielding 
studies.  

None of these 

7. Reactor Technology 

Fast Spectrum Processing Study. 
selected fo r  the FSPR are 1500 pslg pressure and 950 F temperature 
with one reheat t o  950 F at 450 psig. 
a minimum gross plant  eff ic iency of about 42.5$* ' 

Studies t o  optimize the  primary and secondary sodium cycles have 
not been conducted. 
have no ef fec t  on the  expected steam cycle efficiency. 

The ten ta t ive  steam cycle conditions 

A cursory calculation yields 

However, the  results of such s tudies  w i l l  

As the  s i z e  of a fast reactor  is  increased, the neutron leakage from 
the  core decreases causing the in-core breeding r a t i o  t o  increase. 
The in-core breeding r a t i o  i s  inversely proportional t o  t h e  percent 
f i s s i l e  enrichment fo r  a given reactor.  
large enough, the in-core breeding r a t i o  m y  be subs tan t ia l ly  greater  
than unity. 
a large fast plutonium breeder reactor  t o  breed i t s  own fuel in-core 
such t h a t  after the  init ial  fue l  loading the  subsequent f u e l  loaded 
could be depleted or natural  uranium on a graded f u e l  cycle. 

Burnup calculatians were performed f o r  a 6 ~ 0 - l i t e r  sodium cooled 
f a s t  reactor,  in spherical  geometry. 
55 v/o fuel,  25 v/o sodium and 20 v/o steel. 
of 100,000 frlWD/T was assumed. 
charged i n t o  the blanket, allowed t o  build up plutonium, and then 
charged i n t o  the  core w a s  assumed. 

If t h e  reactor  is made 

With this i n  mind, it appears that it is possible f o r  

The reactor  consisted of 
A f u e l  exposure limit 

A fueling scheme of depleted uranium 

A reactor  multiplication of about uni ty  was achieved when the  plu- 
tonium density was integrated after the core f u e l  life. 

It i s  ant ic ipated t h a t  a f a s t  reactor  of this s i ze  may tend t o  have 
undesirable k ine t ic  behavior. If the  k ine t ics  problem can be solved 
without adversely affect ing the in-core breeding r a t i o ,  t h i s  type of 
fueling scheme may have merit f o r  large f a s t  reactors .  
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8. Graphite Studies 

N-Reactor Graphite I r radiat ions.  
graphite a re  proceeding s a t i s f a c t o r i l y  i n  the GETR. 

I r rad ia t ions  of N-Reactor 
The H-6-2 

and H-4-3 capsules successfully completed another cycle of ir- 
radiation on June 9. 
the  third-generation capsules, H-5-3. 
H-5-3 capsule have been previously i r rad ia ted  with 8 6  of them 
being high exposure samples from second-generation capsules. 

Construction i s  under way on the  second of 
All of the  samples in the  

B- WEAPONS - 03 PROGRAM 

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

Details of these a c t i v i t i e s  are reported 
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C. €EMTOR DEVELO- - O4 PRQGRAM 

1. Plutonium Recycle Program 

Fuels Development 

The PuQ concentration i n  U@-Pu@ 
f u e l  c lusters  f o r  the PIER was increased from 0.48 w/o t o  1.0 w/o. 
This increase was made possible by (1) improved powder loading 
techniques resul t ing i n  be t t e r  U Q - P U Q  homogeneity, (2) develop- 
ment of the capabi l i ty  t o  measure Pu concentration accurately i n  
a fue l  rod a f t e r  fabrication, and ( 3 )  relaxation of f u e l  element 
heat t ransfer  limits. 
elements was i n i t i a t e d  by both incremental loading/swage compaction 
and bot t le  loading/vibrational compaction 

Fuel Element Development. 

Fabrication of these higher enrichment 

Four U@-Pu@ and three unautoclaved a-1.8 Pu t e E t  f u e l  c lus te rs  
were completed i n  June f o r  FIU3 i r rad ia t ion .  

Two U Q - P u Q  fue l  rods w i t h  r e j ec t  end cap welds (before s w a g i n g )  
were reclaimed. 
weld jo in t  was dressed w i t h  a f i l e  and reamer, and a new end cap 
w a s  welded in place. 
reclaim other r e j ec t  rods by appropriate techniques. 

The end cap was  removed w i t h  a tubing cu t te r ,  the  

Techniques are being developed t o  refurbish o r  

Fast Reactor-Thermal Reactor Exchange Element. 
Thermal Reactor Exchange Element mockup w a s  assembled t o  evaluate 
comgonents and fabricat ion procedures. 
s t e e l  mock fue l  element w i l l  be used f o r  flow tests. 

A Fast Reactor- 

The completed s t a in l e s s  

Fuel Element Design Studies. 
having continuous r ing contact surfaces on each end bracket i s  con- 
t inuing i n  the  ex-reactor TF-7 f a c i l i t y  a t  PFU!R coolant conditions. 
Superficial  wear occurred on the  contact surface of the bottom end 
bracket o d y  after an accumulated exposure of 106 days. This per- 
formance i s  par t icu lar ly  encouraging because the  tes t  sect ion was 
vibrated throughout the test  period, 

Tests of a U@ Mark-I PRTR fuel element 

Incorporation of a trial eddy current c o i l  i n  a vibrat ional ly  com- 
pacted Uo;! f u e l  rod was attempted as part of the  development of an 
instrumented f u e l  element f o r  f r e t t i n g  corrosion studies in the  
EDEL-lloop and, eventually, i n  the PFtEt. Assembly processes are 
being revised t o  eliminate damage t o  the quartz c o i l  form by high 
energy vibration. 
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Preparation of High Density U@-pU@ Mixtures. Examinations 
were continued on high density (> 9% T D )  UO2-Pu@ materials 
produced by arc-melting pressed ‘pellets under one atmosphere 
of argon. Two portions were prepared i n i t i a l l y  by mixing powders 
t o  form U@-2,5 w/o Puo;!, and U@-97.5 w/o Pu@ compositions. 
Pellets were pressed without binder t o  a green density of 6@ TD. 
After arc-melting the materials w e r e  massive i n  form with den- 
sities greater than 9s TD. Replicate analyses confirm tha t  the 
green pellet originally containing U@-2.5 w/o Puo;! underwent an 
increase in  pU% concentration t o  4.1 W/O during the densifica- 
t ion by arc-melting. 
mechanical loss (arc-blow) of the U@ during the  mel tbg  process. 
The pU% melts first and, hence, would not be expected t o  blow 
away as readily as the  U@o 

This increase i s  attr ibuted t o  a larger 

pT(TR Fuel Element Inspection. 
Mark-I-H physics t e s t  element (5176) which includes three pe l l e t  
rods, was inspected i n  the reactor basin and i n  the Fuel Element 
Examination Faci l i ty  (F’EEF)- 
l en t  condition. Four rods i n  t h i s  element have fabrication 
his tor ies  similar t o  the three fue l  rods which failed i n  element 
5174 after an exposure of only 106 MWD/ton. The examination did 
not reveal any abnormal external corrosion i n  the suspect regions 
of these rods, 
quality. 

A vibrationally compacted, UQ-Ar@, 

The element appears t o  be i n  excel- 

There is  no visible, external evidence of poor weld 

A vibrationally compacted UCQ-Wrk I with an accumulated exposure 
of approximately 1800 MWD/ton w a s  inspected in the FEeF. 
the exception of a broken rod spacing w i r e ,  the element appeared 
t o  be i n  very good condition. The w i r e ,  broken at  the bend near 
the end cap, appears t o  have suffered mechanical damage. Ir- 
radiation of the element will be continued after it has been 
repaired 

With 

Examination of PRTR Tubular Fuel Element 1501. A severe variation 
i n  the thickness of the outer fuel  annulus of PKIlR tubular elemznt 
1501 had no detrimental effect  on the i r radiat ion performance of 
t he  fue l  element. 
sured near the midsectian of the fue l  element. 
tures i n  the area of maximum fue l  thickness w e r e  high enough t o  
cause sintering of approximately 1/3 the fuel,, 

A maximum fue l  thickness r a t i o  of 1.6 w a s  mea- 
The core tempera- 

Unautoclaved Fuel Element Irradiation i n  PKllR. Irradiation of an 
unautoclaved, Zircaloy-clad fue l  element began in the PKllR on 
June 15, 1963. The test i s  being conducted t o  determine the fea- 
s i b i l i t y  of maintaining clean metal surfaces during fabrication, 
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delivery? and charging of a f u e l  element, as well as t o  deter- 
mine the in-reactor behavior. 
autoclaving w i l l  increase poten t ia l  fue l  element l i f e  by reducing 
the i n i t i a l  hydrogen concentration i n  the cladding. 
fabrication costs a re  reduced approximately 5s. 
the autoclave s tep would be par t icu lar ly  desirable in remote fab- 
r ica t ion  of fue l  elements containing p a r t i a l l y  decontaminated 
fuels ,  because of the d i f f i c u l t y  of remotely manipulating high 
pressure autoclave equipment 

Elimination of pre- i r radiat ion 

Direct f u e l  
Elimination of 

Post-Irradiation mamination of PRTR Fuel Elements. Examination 
of the  bottom end cap of a vibrat ional ly  compacted U@-Aro;! f u e l  
rod (PRTR element 5113) t h a t  suffered ciadding failure near the  
midpoint, revealed in te rna l  hydride deposits. 
layer  (0.008 t o  00025-inch t h i ck )  of massive zirconium hydride w a s  
observed on the inner surfaces of the cladding and end cap. 
zirconium hydride in the bottom end cap region is  approximately four 
f ee t  d i s tan t  from the point of cladding f a i l u r e ,  Moisture i n i t i a l l y  
i n  the fue l  material o r  water which entered the  fue l  rod after 
cladding f a i lu re  could have been the source of hydrogen. 
hydride deposits were observed previously i n  long, de l ibera te ly  
defected Uo;! f u e l  rods. 

A r e l a t ive ly  uniform 

The 

Similar 

Examination of three other f a i l ed ,  vibrat ional ly  compacted U@-Pu@ 
f u e l  rods (PKITR element 5174) revealed severe corrosion i n  the 
crevice between the bottom end cap and cladding similar t o  t h a t  
which caused or iginal  cladding f a i l u r e  i n  the top end cap weld 
areas. 
a t  t he  bottom of the  rod was approximately 50 F less than at  the  
top).  
analysis.  

The corrosion was not as f a r  advanced (cladding temperature 

Samples of corroded cladding were removed f o r  hydrogen 

Although these fue l  rods are from the first, experimental batch 
of vibrat ional ly  compacted U@-Pu@ rods (processed ea r ly  in 1962), 
poor weld qua l i ty  is now considered t o  be a less l i k e l y  cause of 
f a i lu re  than impurit ies i n  the fuel .  A sample of U@-pU@ f romthe  
same batch as used i n  the f u e l  rods contains 30 ppm fluoride and 
350 ppm chloride. The source of the high chloride concentration 
i n  the  f u e l  has not been determined. The e f f ec t  of chloride on 
Zircaloy in t h i s  environment is not w e l l  known. 

Remote Fabrication Studies. New counterweights were installed on t he  
remote fabricat ion manipulators, providing greater  and more e f f i c i e n t  
c e l l  coverage. 
i n  excess of 600 pounds per un i t .  

The carriage un i t s  are now capable of a v e r t i c a l  l i f t  
Data recently received from the  
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manufacturer show the maripulator a m  have been re-evaluated 
upwards iL capacity. The manipulator a m  C ~ I I  be adjusted so 
each w i l l  haxdle up t o  100 pomds i n  any posi t ion (a 20-pound 
increase from the previoLs 80-pouad rat ing] .  

MgO-Puo;! and Zr@-guCQ CerC%~iic Spike Fuel I r radiat ions.  
large variation i n  the gama ac t iv i ty  was observed among ana- 
l y t i c a l  samples obtained by microdrilling (0.020-Fnch diameter) 
i o  selected areas of irra3iat.ed 3-mch diameter MgO-PUe  pe l l e t s .  
The radioact ivi ty  of samples taker_ near the edge of an MgO- 
13.5 W/O Pu@ specimen, i r rad ia ted  under colzditions where ex- 
tensive migration of Puo;! and/or fissim products has nc t  been 
observed? w a s  four times greater  than of samples collected near 
the ce r t e r  02 the same specimen. 
fissicsr, products near the  f u e l  rod surface r e f l ec t s  self-shielding 
by the relazrvely highly concentrated plutonium, The a c t i v i t y  of 
samples taker. from selected regions of an MgO-3 w/o PuO;! specimen, 
i r rad ia ted  at. temperatures which promote migration, differed by a 
fac tor  of 50. 

A 

The high conceEtration of 

X-ray d i f f rac t ion  data show LO crystallographic changes i n  two 
NO-13.5 w/o Pu@ specimens i r rad ia ted  t o  approximately 0.5 x 
102' and 1.0 x 1020 fis,sions/cm3, The calculated maximum f u e l  
temperatures were approximately 1700 C. 

Irradiatiori  Testing of InJection-Cast Al-Pu-Ni Alloy me1 Rods. 
A paper, "Irradiat ion Testing of Injection-Cast Al-Pu-Ni Alloy 
Fuel Rodsp" (HW-SA-2909), summarizing the  developwnt of an in- 
jection-casting process and the  i r r ad ia t ion  test  results f o r  
Zircaloy clad, Ai-Pu-Ni a l ioy  fue l  rods was  presented a t  the  
Ninth Annual ANS Meeting. 

I r rad ia t icn  of Urmlum-Plutonium Oxide. 
of f i s s ion  product d i s t r ibu t ion  i n  an irradiated (U ,Pu]Q p e l l e t  
(GIB-14-86) w a s  completed. 
produced extensive columnar grain growth and f i s s ion  product mi- 
gration. Microdrilled samples were removed from sharply-defined 
zones of markedly d i f fe ren t  rad ioac t iv i ty  levels disclosed by 
autoradiography, Initial analyses indicate  t h a t  the plutonium 
dis t r ibu t ion  i s  r e l a t ive ly  constant throughout the  sample. Of t he  
f i s s ion  prcjducts analyzed (Ce-iu - m-144, RU-106, 23-95 - Nb-95, 
and Cs-137), the  only one t h a t  shows a marked var ia t ion of con- 
centration as a function of radial positiorr is RU-106. 
centrat ion of RU-106 d i f f e r s  by three orders of magnitude between 
the  cent ra l  region of low radioacti@*ty and the high rad ioac t iv i ty  
areas revealed by autoradiographs 

Preliminary evaluation 

I r rad ia t ion  t o  ~ 6 6  x do f iss ions/cc 

The con- 
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deliveryp and charging of a fue l  element, as well a s  t o  deter- 
mine the in-reactor behavior. 
autoclaving w i l l  increase potent ia l  fue l  element l i f e  by reducing 
the i n i t i a l  hydrogen concentration i n  the cladding. 
fabrication costs are  reduced approximately 5%. 
the autoclave step would be par t icu lar ly  desirable i n  remote fab- 
r icat ion of fue l  elements containing p a r t i a l l y  decontaminated 
fue ls ,  because of the d i f f i c u l t y  of remotely manipulating high 
pressure autoclave equipment 

Elimination of pre- i r radiat ion 

Direct f u e l  
Elimination of 

Post-Irradiation Examination of p#IIR Fuel Elements. Exemination 
of t h e  bottom end cap of a vibrat ional ly  compacted UQ-pU% fue l  
rod (PRTR element 5113) t h a t  suffered ciaddfng f a i lu re  near the 
midpoint, reveaied in te rna l  hydride deposits. 
layer  (0.008 t o  OOO25-inch thick‘) of massive zirconium hydride was 
observed on the inner surfaces of the ciadding and end cap. 
zirconium hydride i n  the bottom end cap region i s  approximately four 
f ee t  d i s tan t  from the point of cladding f a i lu re .  bbisture i n i t i a l l y  
i n  the fue l  material o r  water which entered the  f u e l  rod after 
cladding f a i l u r e  could have been the source of hydrogen. 
hydride deposits were observed previously i n  long, del iberately 
defected Uo;! fue l  rods. 

A r e l a t ive ly  uniform 

The 

Similar 

Examination of three other failed, vibrat ional ly  compacted U@-Pu@ 
f u e l  rods (l”R element 5174) revealed severe corrosion i n  the 
crevice between the bottom end cap and cladding s imilar  t o  t h a t  
which caused or iginal  cladding f a i l u r e  in the top end cap weld 
areas. 
a t  the  bottom of the rod w a s  approximately 50 F less than at  the  
top) .  
analysis.  

The corrosion w a s  not as f a r  advanced (cladding temperature 

Samples of corroded cladding were removed f o r  hydrogen 

Although these f u e l  rods are  from the first, experimental batch 
of vibrat ional ly  compacted U@-pU@ rods (processed ea r ly  i n  1962), 
poor weld qual i ty  is now considered t o  be a less l i k e l y  cause of 
f a i lu re  than impurities in the  fuel .  A sample of U@-pU@ f romthe  
same batch a s  used i n  the  f u e l  rods contains 30 ppm f luoride and 
350 ppm chloride. The source of the  high chloride concentration 
i n  the f u e l  has not been determined. The e f f ec t  of chloride on 
Wrcaloy in t h i s  environment i s  not well lmown. 

Remote Fabrication Studies. New counterweights w e r e  i n s t a l l ed  on t he  
remote fabricat ion manipulators, providing grea te r  and more e f f i c i e n t  
c e l l  coverage. The carriage uni t s  are now capable of a v e r t i c a l  l i f t  
i n  excess of 600 pounds per mito Data recent ly  received from the  
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1 2  

the  fue l  rod. 
the break,, but. appears t o  be repairable.  
the  only remaining U@ Vipac element in the  PRTR except f o r  
special  physics test  elements. 

The wire was bent back about th ree  inches from 
This f u e l  element i s  

A proposal f o r  refurbishing Moxtyl fue l  element 5119 was sub- 
mitted t o  t h e  PFQR Experiment Scheduling Council. 
has a broken wire wrap. 
repaired and the elemefit returned t o  the  reactor  as a special  
t es t .  element 

This element 
It is proposed that the  broken wire be 

Fuel Element Rejuvenation. 
turned t o  the  m f o r  second cycle i r r ad ia t ion  (GW-4-84). The 
single rod w a s  used in place of the  fou-Prod c lus t e r  previously 
reported t o  improve r e l i a b i l i t y  of the  test element. A special  
aluminm l i n e r  w a s  used t o  pos i t i o r  the rod i n  a standard GEH-4 
basket which w i l l  allow the  irradla3ion t o  approximate as closely 
as possible the test  conditions of previous i r rad ia t ions .  

The rejuvenation f u e l  element w a s  re- 

The closure weld fo r  t h i s  fue l  element w a s  made using a welding 
apparatus spec i f ica l ly  designed f o r  operation i n  a remote 
f a c i l i t y .  The apparatus consisted of an inert gas chamber, a 
rotat ing chuck, the  welding torch, and a device f o r  placement and 
removal of a c h i l l  block. 
package, allowing quick and accurate po6itIoxiing of t he  i n e r t  gas 
chamber and welding torch with respect t o  the  f u e l  element. 

The unit. w a s  an in tegra l ,  compact 

Corrosion and Water Quality Studies 

Radioactivity on PR!lB Piping. 

decontamination. 
and autoradiographed using the  same € X ~ O S U T ~ ,  6ame type of film, 
and the  same development sequence that was employed in mid-1962 on 
another PRTR jumper. The recent autoradiographs showed t h a t  there  
w a s  less adsorbed a c t i v f t y  a t  present thau there was  p r i o r  t o  the 
PRTR decontamination. 
system radiat ion readings taken during reactor  shutdowns; i.e., 
there is current ly  l e s s  radlat ion associated w i t h  the PRTR primary 
system than there  was before the  MgO-Puo;! f u e l  failure. 

Jumpers a re  being removed monthly 
. f r o m t h e  PF?I'R as par t  of a program t o  study films, corrosion, and 

&e i n l e t  jumper recent ly  removed w a s  sectioned 

These results substant ia te  t he  primary 

Corrosion by Decontamination Chemicals. Cyclic tests in TF-1 are 
continuing t o  determine possible l a t e n t  corrosion e f f e c t s  on PRTR 
materials from use of decontamination chemicals. Successive treat- 
ments w i t h  a lkal ine permanganate and oxalic acid followed by high- 
temperature operation have had no detrimental e f f e c t s  after four 
temperature cycles,  
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pe 
end-bracket supports exposed i n  530 F, pH 10, flowing water with 
induced vibrations has experienced f r e t t i n g  of 5-15 mils at four 
locations on a rod wire wrap during t h i s  reporting period. 
vibration frequency had been increased during t h i s  period from 
30 cps t o  a frequency too high t o  measure with the present equip- 
ment (> 80 cps). Simultaneously, the deflection was reduced from 
7 t o  8 mils t o  l e s s  than 1 mil. 
wire wrapping and were near the  center half  of the f u e l  element. 
Apparently the f l e x i b i l i t y  of the element allows the f u e l  element 
t o  touch the pressure tube. The pressure tube was not examined. 

. After a t o t a l  exposure of 87 days in TF-7 under PKIR conditions with 
vibration, no sign of f r e t t i n g  w a s  apparent on the end bracket. 

PRTR Primary Coolant Zirconium Concentration. The program t o  monitor 
routinely the  zirconium concentration i n  the  PRTR primary coolant w a s  
continued, employing emission spectrographic techniques. The results 
indicate t h a t  the zirconium concentration was generally within the 
range considered "normal" f o r  t h i s  system, t h a t  is, 0-1 ppb, during 
the past  month. However, on two separate occasions the  concentra- 
t i on  increased rapidly t o  about 5 ppb. 
concentration was experienced f o r  two days following a reactor  
s tar tup,  while the second period occurred during normal operation a t  
rated power and a l so  las ted  f o r  about two days. 

A PFU'R f u e l  element with 360° ring-type 

The 

All the  fretted areas w e r e  on one 

The first period of high 

It is  possible tha t  e i t h e r  one o r  both of these periods may have 
represented some f r e t t i n g  a t tack  in the  system. 
concentration returned t o  normal w i t h i n  two days. 

I n  each case the  

A continuous, colorimetric procedure f o r  analyzing f o r  ionic  z i r -  
conium is  being investigated. 

Carbon Stee l  Pi t t ing Corrosion. 
during inspection of carbon steel exposed t o  process waters in dead 
legs  and other stagnant sections of the  PKfR system. 
piping has been examined by Radiography and, in some cases, piping 
has been removed f o r  detai led examination. General agreement be- 
tween radiography and v i s u a l  examination has been found; however, 
the radiography has a tendency t o  u n d e r e s t a t e  p i t  depths by a f e w  
mils. 
5 mils deep are  usually not seen on the  radiograph. 

Pltting corrosion has been observed 

Selected 

Small p i t s  with dense corrosion product buildup and less than 

The p i t t i n g  which has been found t o  date has been located i n  areas of 
stagnant water with the exception of a tank which displayed 1/8-inch 
deep p i t s  below the  water l i ne .  A l l  the  p i t t i n g  observed has been of 
the  var ie ty  common t o  carbon steel in impure  waters containing oxygen. 
The study i s  continuing. 
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Restricted Moderator Strainer .  
moderator s t r a ine r  which w a s  removed because of a decreased flow 
conditiori has been analyzed. 
material revealed a dark powder, ion exchange resin,  and shiny 
magnetic pa r t i c l e s  or  f lakes ,  
corresponded closely t o  a mixture of CO-60, Cr-51: W-187,? and 
Ag-110. The emission spectrum showed C r ,  Fe, A l p  Co, N i ,  S i p  
Ags Cu, Mg, md u the order of decreasing concentration. 
Examinatlon of a moderator pump throa5 bushlng and sleeve re- 
vealed severe wear such ths t  %he th in  S t e l l i s e  facings were mostly 
removed. Presumably the metall ic f i skes  i n  the  moderator s t r a i n e r  
originsted from the pump bushing and sleeve, 
exchange res in  w a s  not determined. It, was coccluded that the  res- 
t r ic t iorL of the s t r a ine r  was r?ot re ia ted t c  a corrosion problem. 

A s q l e  of material  from a 

Mcroscopfc examination of the 

The gamma s p e c z m  of the sample 

The source of the  ion 

Absovtlcr- of Ions by A l u m i ~ u m  Corrosior, Product 
aluminum corrosion products have been reported t o  absorb and con- 
centrate chloride ions from very d i lu t e  solutions at temperatures 
where the aluminum oxide is  a t r ihydra te ,  
deposited aluminum corrosion Frodxct at, 300 C (572 F) shows this 
absorption f o r  the higher temperature oxide (presumably Boehmite 
or diaspore) as wel lu  

Redeposited 

Analysis of a re- 

An a l l  s ta in less  s t e e l  autoclave systen: w a s  cleaned arrd then 
operated a t  300 C (572 F )  - 2000 p s i  f o r  30 days with a through- 
put of 6480 gallons of high pur i ty  deionized water. 
product oxide on the  aluminum corrosioE samples i n  the  autoclave 
w a s  pa r t ly  dissolved and redeposited on t h e  system walls during 
operation, 
technique showed a concentration of 60 and 200 ppm of chloride and 
1500 and 1800 ppm of f luc r ide ,  
showed the oxide t o  be essen t i a l ly  a rwnohydrate. Analysis of t he  
deionized water is i n  progress, but it is believed t o  be very low 
i n  chloride and f luorides .  
being placed i n  t h i s  autoclave t o  see i f  t h i s  surface concentration 
of chloride w i l l  induce s t r e s s  corrosion cracking.. 

The corrosian 

An analysis of th i s  redeposited oxide by a pyrohydrolysis 

Dehydration a t  1300 C (2372 F) 

A stressed stainless steel coupon is 

Controlled Hydriding of Process Tube Sec t ims .  
N-Reactor process tube Eections have been supplied t o  Tes t ing  
Methods Operation as standards f o r  development of nondestructive 
mthods of hydrogen analysis.  The tubes contain d iscre te  patches of 
known hydrogen coccentretioc ranging from 300 t o  5000 ppm. 
tubes were hydrided in t h e  gas phase at  600 C (1112 F). Future work 
w i l l  be done a t  temperatures below 400 C (752 F) i ~ z  order t o  r e t a i n  
the  charac te r i s t ic  rmcrostructure of the tube material. 

Six more hydrided 

The 
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Reactor Components Development 

FRTR Pressure Tubes. 
burst t e s t s  was performed. 

The f i f t h  of a group of elevated temperature 
The purpose of t e s t ing  this group w a s  

t o  obtain data t o  show how test temperature influences the mechani- 
ca l  properties of pressurized i r rad ia ted  PRFR pressure tube segments. 
The ultimate strength data show t h a t  an increase of 100 F in t e s t  
temperature w i l l  on the average decrease the ultimate strength by 
about lo$ 

I n  order t o  obtain be t t e r  u t i l i z a t i o n  of discharged PKPR pressure 
tubes fo r  metallurgical t es t ing ,  Testing Methods of NRD was asked 
t o  apply t h e i r  ultrasonic techniques t o  the problem of locat ing the 
t rans i t ion  f romthe  cold worked end t o  the annealed end of the  tubes. 
Abili ty t o  locate  t h i s  t r a n s i t i o r  accurately w a s  demonstrated. 

The c lass ica l  equations of the strength of beams on an e l a s t i c  
foundation are  applicable t o  the problem of measuring e l a s t i c  strain 
of tubular burst t es t  specimens. They show t h a t  t he  end f i t t i n g  
e l a s t i c  s t r a i n  influence distance is about two inches on PRTR pressure 
tubes. Since the end f i t t i n g  takes about two inches, a 20-inch long 
burst test specimen has about 12 inches f o r  uninfluenced e l a s t i c  
s t r a i n  during a burst test .  Using the  value of the mean e l a s t i c  
s t r a in  within the  influence region, an equation was wri t ten from which 
circumferential e l a s t i c  strain can be calculated, knowing the change 
i n  volume and the longitudfial  e l a s t i c  s t r a i n  during a burst t e s t .  
Monitoring the change in volume and length of an irradiated burst 
t e s t  specimen is  poten t ia l ly  a simple method of strain measurement. 

Second Generation Mechanical Shim Rod f o r  PRTR. 
the  second generation shim rod (Mark 11) i s  estimated t o  be 954 

Detailed design of 

complete. 
mated 8 6  complete. 

Fabrication of components f o r  both assemblies i s  e s t i -  

S h i m  Rod Environmental T e s t  Fac i l i ty .  
a new first generation shim rod (Mark I - A )  w a s  continued during the  
month, 
control elements i s  being completed, 

Operation of the  f a c i l i t y  with 

Fabrication of two braking devices t o  prevent coasting of t he  

PRTR Fre t t ing  Corrosion Testing. 
on PRTR piping were obtained and a re  now being analyzed. 
mounts were not sa t i s fac tory  as they charred and allowed the  vibra- 
t i o n  pickups t o  s l i de  out of posit ion.  
measure flow osc i l la t ions  w i l l  be in s t a l l ed ,  

Data from vibration pickups mounted 
The pickup 

Pressure transducers t o  
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Rupture Loop. 
the rupture loap developed a s u b s t m t i a l  leak a t  37 cycles. 
This leakage occurred during the in i t ia l  pressurlzation following 
the  cooling portion of the previous cycle. 
within the first 2 t o  3 minutes, a t  which time it dropped t o  
approximately the values previously reported (0.53 l b  H20/24 hr).  

The s t a in l e s s  s t e e l  Graylor ou t l e t  connector f o r  

Leakage was TOO cc 

Aoalysis of dimensional data indicates  that the short  seal l i p s  
on the special  seal r m g  have undergone permanent deformation. 
A second ring was t es ted  am3 a t  the s t a r t  of the cinth cycle, 
the  same type of f a i lu re  w a s  observed. 
0.008-kch was measured on the  seal l i p s  of t h i s  ring. 
t es t  was te-rminated a f t e r  2C cycles. 
Inconel has been received frm Gray Tool Compary and w i l l  be tested 
as scon as the EDEL-II l o ~ p  becomes available.  

A permanent deformation of 
The second 

An experhnental seal made of 

The problem of hub deformation f o z d  orL The i n i t i a l  connectors has 
apparently been solved through unproved dimenslonsl control. 

Plutordum Recycle Cr i t i ca l  Fac i l i t y  

Safety Studies 
loadmgs w i t h  U@-pu@ (0.9-2.5 w/o) fuel  in e0 moderatar were 
completed as an independent check on previous 3-group diffusion 
theory results. The calculations were somewhat inexact because 
resonmce neutron Interaction. with plutonium w a s  e n t i r e l y  neg- 
lected.  
by Applied Physics Operation f o r  EBWR loadings have shown substan- 
t i a l l y  smaller c r i t i c a l  loadings than predicted by the  above method. 
Results of previous hazards analyses a re  not expected t o  be appreci- 
ably affected,  however. 

Additional "four factor"  calculations of PRCF 

More preclse multigroup calculations recently completed 

The delay in the Doppler e f f ec t  in UC&-pU@ mixed oxide fue l s  be- 
cause of t he  f ini te  heat t r ans fe r  time from the  heat generating 
p a r t i c l e  t o  the  U-238 is being investigated.  Formulation of t h i s  
problem has been completed except f o r  averaging the temperature 
over the Uo;?. This is complicated by a s ingular i ty  in the t e m -  
perature a t  the  source point.  
average can be obt,ained by excluding the  source poi& f romthe  
integrat ion.  
l a t i o n  i f  a sa t i s fac tory  function f o r  the average teqerature can 
be developed 

It is  ant ic ipated t h a t  the  proper 

The problem appears t o  be su i tab le  f o r  analog calcu- 
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2. Plutonium Ceramic Fuels Research 

Pneumatic Impaction of Refractory Materials. 
carbide, zirconium carbide, tantalum carbide, 
mixture of two par t s  hafnium carbide w i t h  one 
were densified by pneumatic impaction at  1200 

HW-78052 _ .  

Specimens of tungsten 
hafnium carbide and a 
par t  tantalum carbide 
C and 260,000 ps i .  

The l a t t e r  material i s  reportedly useful. as an e l e c t r i c a l  resistance 
heating element material i n  the 4000 C range. 

U%-Stainless Steel  Reaction. 
react appreciably during 90 minutes a t  1600 C. 
evaluated by heating a charge of i n i t i a l l y  powdered, 304 stainless 
s t e e l  i n  a $inch diameter U% crucible. 
contained the molten s t ee l ,  and the post-heating microstructure of 
the oxide-steel interface showed no s igni f icant  interact ion.  

Molten s t a in l e s s  s t e e l  and Uo;! did not 
Compatibility w a s  

The crucible successfully 

Electron Microscope f o r  Plutonium Compounds. 
required fo r  i n s t a l l a t ion  of the "plutonium" electron microscope 
column are  completed. Instrument modifications i n  progress w i l l  
permit use of two s imilar  microscopes operating from a s ingle  power 
supply. 
plutonium ceramics and other toxic  materials, and f o r  advanced 
instrumentation development 

Laboratory f a c i l i t i e s  

The second column w i l l  be used par t icu lar ly  f o r  study of 

Plutonium Cermets. 
crucible f o r  two hours at  1000 C i n  vacuum (approximately 2 x 10-5 mm 

A PU-90 v/o PUN cermet w a s  heated in an alumina 
. _ _  

Hg nitrogen pressure). V i s u a l  inspection of the  heat t rea ted  specimen 
showed no indication of melting o r  reaction with the alumina crucible.  
Weight loss was very slight (0.06). 

Beparat ion of Pu@-steel cermets f o r  i r r ad ia t ion  at  NFQS is i n  
progress. Puo;!, densified t o  95$ TD by pneumatic impaction, was  
crushed and sized t o  -60 +200 mesh. 
mesh stainless s t e e l  powder i n  preparation f o r  pneumatically im- 
pacting p e l l e t s  approximately &inch diameter by one inch long. 
t e s t  of the compaction procedure was  conducted i n  which a s ingle  
p e l l e t  w a s  impacted. Data on t h i s  p e l l e t  are not Jret available.  

This Puo;! was mixed with -325 

A 

Methods a re  being developed f o r  more e f f i c i e n t  pneumatic impaction of 
high density Puo;! cernrets. 
s i x  p e l l e t s  can be impacted at  one t i m e .  Removal of t he  pellets from 

A s t e e l  die block w a s  designed in  which 

the  d ie  block presented an unusual problem. 
s t r a t ed  method uses a hole saw t o  trepan the  p e l l e t  f romthe  d ie  
block. A second, more e f f i c i en t  method uses a die block made in 
sections.  
broken apart  t o  exposenthe individual c e m t  pe l l e t s .  
blocks a re  being fabricated f o r  fur ther  t e s t s .  

A successfuliy demon- 

After the p e l l e t s  have been impacted, the  die block can 
Break-apart 

be 
die 
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PluTonim-BoroE Syston. 
toaium borides were detemLaed. 
t h e i r  respective melting points (k 50 C )  were as follows: 
PUB (2030 C)> PUB2 (1825 C), PUB4 (2050 C ) ,  ana PUB6 (2100 C ) .  
Indicat iom a re  tha t  BuB4 is the  predominant phase when synthesis 
i s  performed by reacting nLxtures of pU@, carbon, and boron a t  
1500-1650 c in. vazum. 

#The melting points of polyphase plu- 
The rominal conpositions and 

P2usoaivrm Sub-oxides, 
has  beer, prepared by carbm reauctfon of Puo;! in vacuum. 
The material w i l l  be fur ther  reduced by carbon t o  pLtOle5o t o  yield 
essenfiall-y single-phase @-FU$13 

Irradiatiorr Gf Pure Plutonium Compocnds. A sample of pure plu- 
tonium carbide being i r rad ia ted  at  the Ml'R has at ta ined an es- 
timated average exposure cf 6 x 1020 fissior*s/ce (approximately 
18: 000 ]MWDlton 

A l75-gram batch of composition PU4.56 

&ai  exposure i s  ~OO,OOO MWD!~O~.. 

3 .  Ceramic (Uranium) Fuels Research 

U@ Specimens f o r  Basic Research. Uo;! single c rys t a l s  of 55 and 
79 grams i n  weight were prepared, characterized, and sent  t o  the 
National Bureau of Standards f o r  fundamental s tudies  on masure- 
ments of e l a s t i c  conszants 

Elec t r ica l  COIiduCtivity of U@. 
e k c t r i c a l  conduct in ty  of tungsten-encapsulated U@ a t  tempera- 

A four probe method f o r  measuring 

tures to 3000 C w a s  devised, 
in i t ia l  experiments a re  i n  progress. 

The apparatus w a s  constructed and 

The ionic  nature of l i qu id  Uo;? was evidenced by the  first expsri- 
ment. 
heated t o  2850 C. 
t i a l  gradient, began t o  electrolyze.  
posi t ive end of t h e  capsule they re8Cted with the  tungsten, 
apparently formed a low melting W-U-0 ternary a'iloy. 
eventually f a i l e d  and extensive reaction w a s  apparent f romthe  
microstructure .. 

The tungsten capsuie ( f i l l e d  with U@) w s s  res is tance 
The Uo;! melted and, because of tke dc poten- 

As t he  O= ions reached the  

The capsule 

Fiber-Reinforced CerrPets, A f i b e r  reinforced cermet d i sc  was 
formed by pneumatic impaction of a mixed bed of tungsten fibers 
and tungsten-20 v/o Uo;? cermet powder. 
prepared by cut t ing 0.00,5-inch diameter tllngsteri w i r e  i n t o  &inch 
lengths. 
because of an unfavorable wrinkle En the  b p a e t i o n  container did 
not propagate t o  the  extent tha t  would be expected fcr  a cermet not 
containing reinforcing fibers. 

The tungsten fibers were 

Cracks which init iated i n  t h e  cermet during inpaction 
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Rieumatfc Impactiori of C5rmet Shapes. 
grids of good struct.ura1 qual i ty  were fabricated by pneumatic 
impaction. Miid s t e e i  mandrel assemblies containing tungsten - 
20 Y,/O Uf& powder were impsctej. a t  1200 C and 250,000 ps i .  The 
mandrels were subsequentiy dtssolved chemically. 
longed chemcal dissalution of the s t e e l  wi th  hydrochloric acid 
moderate chemical a t tack of zhe tungsten occurred, Surface ai- 
dation of the s t e e i  msndreis pe-ts the ac13 t o  penetrate the 
interface between cermet and steel: reduckg by 75s the  time re- 
quired f o r  removai of the mandrel s o 

Square honeycomb cermet 

Wing pro- 

I r radiat ion of Cermet h e l s o  
successfully i r radiated one cycle i E  the ETRo These capsules in- 
cluded t w g  hb-Uo;!  m3 7% k - u r J  cermets @:a5 in Ma; @ne W-UqZ and 
ofie W-UN cermet clad ;z W; arid one UB;, Sirigle crysxal clad i n  W. 
One Mo-V@ and oEe Ma-TLi3 z e m t  capsule w i l l  be i r rad ia ted  addi- 
t i ona l  cycles. The f ive  discharged capsdes  w i l l  be returned t o  
HAP0 fo r  post- i r radiat ion evalEatim. 

SPven vacuum x s u l a t e d  capsules w e r e  

I r radiat ion of Large Grau: UQ. Fost,-irradfation examination of 
specimens of i n i t i a i l y  la rge  g r a b  Uo;! p e l l e t s  and small grain Uo;! 
pe l l e t s  t h a t  were i r rad ia ted  m various geometrical combinations 
revealed no difference i~ thermal coaducriviry of the two types of 
material This cor,tradicts e a r l i e r  eqe-fmental r e su l t s  using only 
large grain pe l l e t s .  Radial lirmts of ~ l s m g ,  columnar grain growth, 
and other s t ruc tu ra l  features  deveioped during i r radfa t ion  appeared 
independent of type of materiblo 
specimens of the large g ram U Q  mea  i . ~  the  test wa6 essent ia l ly  
t h e  same as tha t  of small g ram UQ;, - considerably grea te r  than tha t  
of previously measured large gram specunens. 
established. 

Tne opt ica l  density of archive 

The cause is not yet 
The O/U r a t i o  (2.005) and 'hpwi ty  content were normal. 

Examination of Elec t r ica l  Res i s t imty  Element 
of the  e l e c t r i c a l  r e s i s t i v i t y  element (GEH-L-82) disclosed t w o  un- 
usual areas of coiumrLar grain growth i n  the fue l .  A macrograph of 
a longitudinal aectioIi shows unaffected f u e l  near t he  cladding, a 
narrow band of r ad ia l ly  oriented large columnar grains and a second 
band of columnar grairba sloping toward the bottom of the capsule. 
Photomicrographs of the I r s e r  coiumuar grain region, revealed an 
eutec t ic  type s t ructure  (probably go;! and A1203 supplied by an end 
spacer-insulator ) e x t a n d w  from the  center of t he  element through 
the region of sioping grams.  
t o  have been formed f i r s t ,  
phase in to  the  UB;! gra ies  t o  lower the softening temperature and 
allow slumplcg of the fuel is hypotheEized. 

Further exadnat ion  

The columnar grains of U$ are thought 
Silbsequent d l f f u s i a  from the  Al2-U% 

1 2 3 3 2 1 5  
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Optical Properties of UOp. Infrared absoq t ion  data f o r  U@ 
single c rys ta l s  between 3 and 13 microns show two s+,rong ab- 
sorption bands at 5.5 and 10 microns. These bands sppear t o  
be independent of oxygen-to-uranium ra t io .  

Thermal Conductivity of UOr,. 
f o r  radial flow condx t iv i ty  measurements has been one of the  
pr incipal  experimental d i f f i c u i t i e s .  
by a l iqu id  metal e l e c t r i c a l  contact a t  one end of the heat.er. 
A g a l l i u - i n d i m  euteccIic (24 w,/o Irr; 16 C .meltme temperature) 
was sui table  under the experimental temperature-vacuum conditions 
and served t o  maistair, a perfect ly  s t r a igh t  heater element. 

Warping of the heater element used 

The problem w a s  eliminated 

4. Basic Swelling Prsgram 

Irradiatior,  Pr-ogram.. 
t o  be i r rad ia ted ,  me eapsiiie I s  operating s s t i s f a c t o r i l y  a t  
625 C (i.157 Fj. The second capsule underwent a gradual increase 
i n  thermal conductivity u n t i l  the pre-selected temperature could 
no lcnger be maintained w i t h  the power available t o  the experiment. 
This second capsule, therefore,  is  now operating a t  the low tem- 
perature of 180 C (356 F). Thfe w;ll prcvlde very valuable data 
i n  a temperature range not yet explored with t h i s  s e r i e s  of ex- 
p e r r m i t s .  Two other capsules a re  at  the reactor  available f o r  
charging an$ two a d d i t i o ~ 8 l  capxJ.es are  completely assembled and 
are  awai t i r !  shipmerit t o  the reactor..  Specimens a re  being pre- 
pared and coxq?oi-Len+,s a re  beirig assembled f o r  the construction of 
addiziofial capsules f o r  future  i r rad ia t ions ,  

Tuo g e n c a i  swelling capsules are  continuing 

U r a n i u m  Eamples similar  t o  those bc luded  ir. recent. capsules are 
being annealed i n  PaK f i l l ed  Laboratory capsules at 525, 575) and 
625 C (977, 1067, and 1157 F ) .  These spezfmens w i l l  be examined 
after amea1ir.g tc dezermi,ne the extent of t h e  changes t h a t  occur 
i n  density,  h a r b e s s ,  second-phase mrphology:, and grain s ize .  
This informatim. w i l l  be used i n  the  evaluation of t he  data ob- 
tained from the  i r rad ia ted  specimens 

Post-Irradiation Examinatiofiu 
pleted ori specimens i r rad ia ted  t o  0.03 a/o B.U..Q i n  a general 
swelling capsule coctrc11.ed at  525 C (977 F). The as-extruded 
specimens exhibited the expect.ed longitudinal s t r i a t i o n s  indicat ive 
of i r r ad ia t ion  growth and the  beta t rea ted  specimen exhibited 
severe bumpmg and warping. 
defined grain st.ructure very s imilar  t o  the pre- i r radiat ion s t ruc-  
t u r e  ani cryn,allographically aligned micro t e a r s .  These findings 
correlate  well Y i t h  data  f r m  other specimens of this  se r i e s .  

OptLcal mecallograFhy has been com- 

The metallography revealed a w e l l -  

UNCLASSIFIED 



UNCLASSIFIED A- 35 HW- 7805 2 

Replicas of the etched specrmens were preptired and are  being 
processed f o r  electron microscopy. The density measurements 
on these specimens and 00 the  specimens i r rad ia ted  t o  0.1 a/o 
B.U. i n  a general swelling capsule controlled at, 625 C (1157 F) 
have been completed and are ir,dLcaC,ed i n  the fcilowing tab le .  

V 0 I . W  INCREASES TEST SpECIM&NS IFtRADIATH) 
AT Ca-TRQLLED TEMPERATURES 

Spec. a/o I r rad ia t ion  Pre-:rradis;tior! ~ensit,yjc $ Voi. 
No. BdU. Temp,, OC Tre a.smer, t gmjzc Inc, 

l 7 A - 2  0.1 580 (1075 I?; As-emnided 13c73 38 
17B-2 0.1 625 (1157 Fj As-extluded 17 96 5 
l 7 C - 2  0.1 585 ( l@S Fj 8 y ~ m i c L  14 e 13 34 

-- 

18~- 0.03 520 (968 F) As-extnide5 17.33 11 
18~- 0.03 525 (977 F) Aa-extI-Jded 16 91 12  
18c- 0.03 525 (977 F) B quench 17 61 8 

*Be- i r rad ia t ioc  density = 18 95 gm/cc e 

These values agree qua i i ta t ive ly  a t  l e a s t  with the metallographic 
observatioris t ha t  have been made thus f a r .  This is t rue  f o r  the  
samples from bG$h capsules. 
525 C (977 Fj s p e c h e m  have ra ther  large volume changes i n  sp i t e  
of the re la t ive  low burnup (O.O3$]. The difference i n  the  580 C 
(1076 F) and 625 C (1157 F) specimens (0.1 a/o B.U.) is even more 
remarkable but is wtclly consistent wlth metallographic observa- 
t ions 

I", is x t e r e s t i n g  t o  oote t h a t  the  

Electron microscopy has beer completed oc. the  625 C epecimens and 
tends t o  corroborate the opt ica l  mtallography described i n  the 
May 1963 monthly report  The crystallographic features  observed 
with the l i g h t  microscope fa the  5 8 G  C specimen can be described 
as  evenly spaced rows of micro cracks or t e a r s  withic grains which 
a re  perpendicuiar t o  twin bands, Almost no twins a re  observed in 
regions of a grain where the rows of t e a r s  occur. T h l e  appearance 
is very s imilar  to descriptions iIi the l i t e r a t u r e  of the formation 
of emissary dislocations due t o  the receding of deformation twins. 
A s  the  twins recede they give off dislocations which polygonize i n t o  
walls perpendicular t o  the directiord i n  which the  twin i s  moving. 
In i r rad ia ted  uranium t h i s  process could be compiicated by the f i s s i o n  
products (not. necessarily gases) which may co l lec t  i n t o  the poly- 
gonized walls and give r i s e  t o  t e a r s  as scresses develop. This ob- 
servation strongly supports +,he corAcept t h a t  the recovery of f i s s i o n  

UNCLASSIFIED 
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event Onduced damage is fn a large par! responsible f o r  tear ing 
and it is  highly Frobable t h a t  swelling is a l so  very closely 
associated w i t h  t h f s  o r  sone s imilar  recovery process. 

Restrained Irradiat ions.  
swelling of u a a i u m  I s  beirig investigated with NaK capsule ir- 
radia+,ior,s of Zr-2 ciad rods of m d l o y e d  uranium arid uranium - 
2 w/o Zr. Mine capsules i r rad ia ted  t o  approximately 1100 W / T  
have b e a  opelzed and The s q l e s  removed for examination. 
Diamezer meaEurearents ar;d macro photograph2.g have been completed 
on s ix  of the  25 fuel samples and a cursory visual  examhation 
has been mde OE the  remair;der. Several of these specimens con- 
ta ined ;ntet',iDr,al s t r i az io r  i n  the c l ad  a t  the clad-uranium 
Priterfa:e, snd they therefore w ; i l  y i e l d  ir:format.ion on the  
e f fec t  of claddlrz reezraict  CE swellinge Average d:ameter in- 
creases rar*ged from 2 ,289 ~2 2 . 3 3 .  
relatiori  betveen The diameter Ir-crease and she amount of inten- 
t i o n a l  thiming of the ciaddingc MeasuremeEts of diameter, 
density and burxi-q are  beirig made on the remining samples. 

The iniilueoce of r e s t r a i n t  on the 

There i s  LO apparent cor- 

Thorium 5 

0.18 ar,d 
examined 

m e  two t h G r i u m  specmens (B-2 and S-3)irradiated t o  
0.92 a i 0  B.U., respectively,  have been completely 
a f t e r  a 100-hour m e a l  a2 750 C (1382 F) and a re  now 

being reamealed a t  950 C (l7h2 F) f o r  100 hours. 
s t ruc tu ra l  changes due t o  annealing a t  750 C (1382 F )  could be 
detected a f t e r  examining repl icas  prepared of the  surfaces of 
these specimens i n  the electron mcroscope. Observations of 
hardness, density and microstructure will be repeated at the 
completiorr of the  950 C anneal. 

No micro- 

5 .  I r rad ia t ion  Damage t o  Reacnor Metals 

Alloy Selection, hocurernent, of materials t o  be used as tes t  
specimens f o r  the I r rad ia t ion  Effec ts  OG Reactor S t ruc tura l  
Materials pro ram is cont iming,  
112, 1, and 22-irch thiclaaess a t  the  Lukens S tee l  Company m i l l  
and fmal r-ondestructive t e s t ing  of the 3cone l  X-750 and Inconel 
600 al loys were witnessed during the mor,th. 
along with quant i t ies  of Abl 350: AIS1 406 SS, and A-206 pla te ,  
sheet, m d  bar stock are  scheduled f o r  shipment p r i o r  t o  J u l y l ,  

The rolling of 304 SS p la t e  in ci 

These m t e r i a l s  

1963 0 

To evaluate several  Lickei and i rcn  base hardenable al loys,  t e n s i l e  
specimens of R-27,  R-235, Iriconel 702, Incocel n89 Ffastelloy N, 
Inconel 625, Rastelloy X-2e0, and TD Nickel have been fabricated 
and i r rad ia ted  fr the  ETR hot water loop. In addition, t ens i le  
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specimens of R-235, R-27, Inconel 625, and Hastelloy N have been 
irradiated i n  the ETR G-6 cold water f ac i l i t y .  
of the above alloys have beec sent t.o Radiometallurgy f o r  testing. 
Results of these t e s t s  are presently being processed by Electronic 
Data Processing Operation. 
have been fabricated t o  meet. future program requirements. 

Specimens of each 

Additimal Epecimens of these alloys 

To determine the resistance of several alloys t o  oxidizing environ- 
ments, heated specimens have been exposed to flowing C@. During 
the past month specimecs of kconel  718 arid Hastelloy N were sub- 
jected t o  Co;! fo r  200 hours a t  a temperature of 1900 F (1038 C) .  
Specimens have been subGtted f o r  metallographic examination t o  
determine the type and depth of oxidation penetration and any changes 
in  microstruzture caused by the high temperature exposure, 

&-Reactor Creep Measurements of Zircaloy-2. The in-reactor creep 
t e s t  on 2 9  cold worked Zircaloy-2 a t  20,000 ps i  and 350 C (662 F) 
w a s  terminated a f t e r  3000 hours. The average creep rate ,  including 
shutdown, was determined t o  be 1.07 x 10'6/hr. This ra te  is 
greater than the rate  determlned fo r  an ex-reactor creep t e s t  
presently in  progress under the same conditions i n  a standard creep 
machine. The ex-reactor ra te  is about 5 x lO-7/hrO 

Two additional in-reactor creep t e s t s  on 2 6  cold worked Wrcaloy-2 
were started t h i s  month. 
hours a t  25,000 p s i  and 350 C (bo2 F )  

other t e s t ,  run a t  35,000 ps i  and 310 C (590 F),  has accumulated 
about 360 hours. 
Out-of-reactor data are not yet available fo r  the new tests. 

One of these tests has a c e m a t e d  340 
The rate appeared t o  approach 

a steady s t a t e  value of about 5 x 10- % /hr after about 40 hours. The 

The steady s t a t e  rate fo r  t h i s  test is 1.5 x lO-S/hr. 

After completion of the 20,000 psi ,  350 C (662 F)  test, the capsule 
was used t o  determine a ser ies  of activation energies. 
were 84,000 cal/mole a t  354 C (669 F ) ,  61,000 a t  430 C (806 F), and 
54,000 a t  448 C (836 F).  
with previously reported data. 
energy measurements, the specimen stress w a s  adjus%ed t o  30,000 ps i  
at  330 C (626 F) in order t o  obtain information concerning creep rates 
during reactor outage a t  temperatures between 350 C (662 F) and 310 C 

Values found 

These values are in excellent agreement 
Upm completion of the activation 

(890 F ) .  

Capsule Development. A tungsten resistance heater f o r  use i n  a pro- 
posed high temperature in-reactor creep measurement capsule has been 
tested f o r  270 hours. 
held a t  1300 C (2472 F) under a pa r t i a l  pressure of helium. 
hours the test w a s  stopped due t o  a scheduled building power outage. 

During t h i s  time a 1/8" molybdenum rod w a s  
A t  240 
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m e  t e s t  w a s  resumed a f t e r  +,he power w a s  back t o  normal,9 and 
approximately 30 hours Later the rest w a s  stopped due t o  failure 
of the tarttalum heat shield.  

I r radiat ion Effects i~ Structural  MaterLals. The purpose of t h i s  
program is t o  investigate the combined e f f ec t s  of i r rad ia t ion  and 
reaezcr ocviroclllent on the n e c h a i c a l  p ropen ie s  of s t ruc tu ra l  
mazeriais. Special atter,tioE w i l l  be given t o  the  determination 
of meehardcal propeny zhanges produced i n  metals by i r r ad ia t ion  
a t  elevated temperatures e 

Drrc*im~ the  month a t o t a l  of 92 room t e q e r a t u r e  t e n s i l e  tests were 
performed on both i r rad ia ted  and wf r rad ia t ed  program materials. 
The majority of these t e s t s  were conduczed on A I S 1  348, 406, 410, 
and AIM-350 s t a i r i e s s  s t e e l s  and Zircaloy-2; the  rema-der were 
eorducted 3rt a var ie ty  of nickel-base and r e f r s c t x y  al loys.  

Approxumtely 300 Zlrcaioy-2 t ens i l e  specimens from three N-Reactor 
process tubes have beeri prepared and characterized f o r  exposure i n  
the Gm( (3-7 and ex-reactor hot water loops, me tubes, designated 
CT-7, ET-37, and AT-50, were supplied by Chase Brass and Copper 
C m p n y  Harvey Alurmnum Companyp and Allegheny Ludlum Stee l  
Corpr8 t ion9  respectively.  These tubes differ ir fabricat ion 
his tory and corrtsir, from 18 t o  35% cold work. Subsequent to fab- 
r i c a t i o c ,  the tubes were autoclaved at 425 C (796 F] f o r  72 hours 
at  EAPO. Flat t ens r l e  specimens aligned w i t h  the  sube axis  were 
cut from the  w a l l  of the tubes. 
cross section was orierrted e i the r  n o m 1  o r  tangent ia l  t o  t he  tube 
circumference. 
the  specimens f o r  loop exposures The specunens were autoclaved at  
300 C (572 F) arrd 1500 psi f c r  7'2 hours, 
adherent, but less deme than The 
(796 Fj. 
quadrant containers and were shipped t o  the ETR f o r  i r r ad ia t ion  i n  
the  G-7 loop, 84 were prepared f o r  sirmlasly programed expomres 
in tke  ex-reactor loop, and the  remainder were set aside t o  deter- 
rmne mechanlcai properties irA the  as-fabricated and as-aut.oclaved 
conditior,. Goal neutron exposures for the  nine uadrants t o  be 

(fast ) 

The wide dimension of t he  gage 

Ir order t o  impart a protect ive oxide coating on 

The coat achieved was  
procesE treatment a t  425 C 

OT the  300 specimens prepared, 162 were assembled i n t o  

i r rad ia ted  in the  G-7 loop range from 5 "0 to l$ ? to 1.0 x nvt 

Approxmately 172 f la t  t e n s i l e  specimens have been fabricated from 
sheet stock of A I S 1  type 406 s t a in l e s s  steel supplied by Carpenter 
S t ee l  Conrpany. 
thickness and shipped t o  HAP6 ic the  as-rol led cordftfon. 
sheet w a s  subsequently cold-rolled t o  intrcduce approximately 15 and 

The sheet w a s  hot-rolled t o  a nominal 0.125-inch 
The 
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25% cold work. 
fabricatior, conditions was 2haracter;zed by metallography, and 
specimens were assembled iz to  quadrants and shipped t o  the ETR 
fo r  irradiation i n  the EZ'R G-7 100~. 

Dur-xig the month the material in i ts  various 

Round, buttonhead tensi le  specimecs of TZM molybdenum alloy, Cb - 
1 Zrs and (3-752 (Cb - 2.5 Z r  - 10 W) alloys have been fabricated, 
placed i n  capsuless and sect t o  the EIlR fo r  irradiation a t  ambient 
water temperature i n  the ETR, G-6 position for one and two cycle 
irradiations. This marks the first i r r a d l a t i a  of refractory 
alloys as part  of the EUPO program. 
being exposed ir, hot water a t  300 C (572 F) t o  determine the 
feas ib i l i ty  of irradiating coiumbiun, nolybdenum, tantalum, and 
tucgsten alloys i n  the ETR G-7 hot water f ac i l i t y .  

Corrosiori coupons are presently 

Tensile specimezs of Cb - 1 2  
W - 25 Re are being fabricated +Jc dete-e mechanfcal properties 
as a functior. of temperature and eEvrronment. 
perature tensi le  t e s t s  were conducted during the month: 
1 Zr specunen a t  1000 C (1832 F) ic heliump a Ta - 10 W specimen 
a t  1520 C ( 2 7 a  F) b a vacuum, and a "ZM specimen at  1150 C 
(2102 F) i n  a vacuum, The first specimeli was heated by means of 
radiant erergy supplied by radiant quartz lamps surrounding the 
specimen, and the l a t t e r  two were i rdcr t ively heated by means of an 
induction coi l .  

Tmj Cb-752, Mc, Ta, Cb, W s  and 

Three high tem- 
a Cb - 

Zircaloy-2 speciinens, identical  t o  those irradiated i n  the ETR G7 
t e s t  water loop, have been exposed in an ex-reactor loop t o  deter- 
mine what changes in mechardcal properties are due t o  the hot water 
environment alone. The temperature record of the ex-reactor loop 
w a s  programmed t o  duplicate the in-reactor history. Prior t o  loop 
exposure the Zircaloy-2 specimens were given a dual autoclave t r ea t -  
ment; 4.8 hours at 300 C (572 F)  i n  water and 48 hours at 400 C 
(752 F)  i n  steam, 
due t o  t h i s  autoclave treatment were small i n  annealed material 
but were appreciable i n  cold warbed specimens due t o  cold work 
recovery. Lol?gitudfnal specimens undergc greater recovery than 
transverse specimens, As a resul t ,  longitudinal specimens having 
2 6  cold work exhibited a higher yield strength (by about 4000 p s i )  
than transverse specimens before an autoclave treatment but had a 
lower yield strength (by about 4000 ps i )  after an autoclave treat- 
ment a t  400 C (752 F) .  It was expected tha t  a6 a result of pr ior  
t h e m 1  treatment a t  400 C (752 F )  no additional change in properties 
would occur due t o  loop operation a t  280 C (540 F). 
operating times a t  280 C (5&0 F) evaiuated t o  date range from 8,5 
t o  3460 hours. Within normal experimental scat ter  it can be said 

Property changes in the as-prepared specimens 

The effective 
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tha t  the yield and tensi le  strengths of both 20 and 4@ cold 
worked Wrcaloy-2 given a pr ior  autoclave treatment a t  400 C 
(752 F) do not change during subsequent loop operation at  280 C 
(540 Fao 
of urcaloy-2. 
annealed specimens i s  e r r a t i c  a f t e r  1000 hours of loop operation. 
Some specimens exhibit an increase i n  yield strength (measured 
a t  room temperature) which is substantially beyond normal scat ter ,  
while other specimens show l i t t l e  change fromthe as-autoclaved 
condition. 
hours of loop exposure are  63,400 and 68,700 ps i ,  respectively, 
coxrrpared t o  a mean value of 49,000 ps i  i n  the as-autoclaved con- 
dit ion.  
d i f fe r  from the as-autoclaved value. These observations must be 
considered tentative pending further examination. 

The effects  of autoclaving 011 t ens i le  properties at  300 C (572 F)  
were a l s o  explored. 
and a f t e r  an autoclave treatment of 72 hours a t  425 C (796 F ) .  
Annealed longitudinal specimens exhibited yield and ultimate 
strengths of about 19,000 and 30,000 psi ,  respectively, both be- 
fore  and a f t e r  autoclaving. Annealed, transverse specimens ex- 
hibi ted an increase i n  yield strength from 18,000 t o  22,000 ps i  
but no significant change i n  ultimate strength, 
specimens having 20$ cold work exhibited a decrease from 46,000 
t o  39,000 ps i  i n  yield strength and from 48,800 t o  4lp0O0 ps i  i n  
ultimate strength due t o  the autoclave treatment. Corresponding 
decreases due t o  autoclaving i n  longitudinal specimens having 2% 
cold work were from 48,800 t o  36,200 ps i  i n  yield s t rength and 
from 49,000 t o  40,200 ps i  i n  ultimate strength. These decreases 
i n  strength are attr ibuted t o  cold work recovery a t  425 C (796 F ) ,  
the autoclave temperature. As i n  the room temperature t e s t s ,  it 
can be noted that longitudinal cold worked specimens have a higher 
yield strength at  300 C (572 F) than transverse specimens before 
and a lower yield strength after an autoclave treatment a t  425 C 
(796 F). 

The same can be said for  transverse annealed specimns 
However, the mxhanical behavior of h l g i t u d b a l  

H i g h  values of yield strength a f t e r  1850 and 3460 

The ultlmate strengths of these s- specimens do not 

Tests were conducted on speciwns both before 

Transverse 

Investigations of the effect  of loading ra te  on the crack toughness 
propertles of 23% cold worked Zircaloy-2 have given soxw insight 
in to  t h e  fracturing mechanisms of t h i s  material. 
tests perfonoed t h i s  month on 23% cold worked Wrcaloy-2 specimens 
show a t rans i t ion  i n  impact energy in the temperature range 300 C 
t o  350 C (572 t o  662 F). This confirms work done by other inves- 
t iga tors  using different tes t ing procedures. 

Charpy impact 
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Similar Charpy specimens tesred i n  three-pout  siow bending a t  a 
cross-head speed of 0.05 hch /mbu te  gave a t r ans i t i oo  a t  approxi- 
mately -175 C, thus indicating a marked s t r a i n  r a t e  e f fec t  on the  
t rmsi t ior r  temperature. 
beam data shov t h a t  there  i s  a marked var ia t ion in the energy re- 
quirements f o r  crack i n i t i a t i o n <  In  the case of the Charpy 
specimens whPch consair- a 0.010-inch root radius suf f ic ien t  
energy is stored in t-he system p r io r  t o  crack i n i t i a t i o n  acd 
propagatlon t o  cause gross p l e s t l c  flow p r io r  t o  fzacture.  OLLy 
a t  lower s e q e r a t m s  (-17.5 C (-282 Fj a d  below) does the yield 
strength reach a leve l  which preverits the occurrence of gross 
deformation pr ior  to f racture  

These data when campared t o  the notch 

Notch beam were tes ted  a t  a cross-hea5 speed of 2 bches/minute. 
P las t ic  bend angle zeasurements indicaze a + , rans i t lm as approxi- 
mately -5C C (-58 F); a x r a n s i t i m  30 C higher than, found with 
slower tes5s.  These t e s t s  mdicate  t h a t  the  higher the t e s t ing  
ra te ,  the higher are  the normnal notch bending s%resses a t  f rac ture  
below the t r ans i t i on  temperature. L k e  the low rate tests, the 
nominal notch bending stress decreased with decreasing temperature, 

While tes+,s on several  s t e e l s  by other uiveszigators demonstrate 
a decrease i n  notched f rac ture  s t reagth with decreasing temperature 
below the duct l ie  t c  b r i t t l e  trmsitim temperature, there  is a l so  
a decrease ui the  kotched fracture  strength wi%h increasing s t r a i n  
r a t e .  
notched f rac ture  strength is inversely proportional t o  the  yield 
strength of the  material. 
by a purely theore t ica l  c lass ica l  mechaoics approach. Jn Zircaloy-2, 
however, t e s t s  presently in progress lndicate that a cer ta in  amount 
of deformation must take place before crack i n i t i a t i c n s  can occur 
with subsequent catastrophic f a i iu re .  
Zircaloy-2 beams below the t r ans i t i on  temperature may, therefore,  be 
a t t r ibu ted  t o  a deformation mode or  a comblnation of interact ing 
modes which become operative ir.. the  high &t re s s  f i e l d  iI; t he  
immediate region of the  fat igue erack, The f a c t  t h a t  Zircaloy-2 is 
r e l a t ive ly  r a t e  insensi t ive in a t ens i l e  test a t  these temperatures 
indicates t h a t  i f  t h i s  mechanism does occur it occurs vf th in  a very 
shor t  distance of the fat igue crack. 
the  s t r a i n  rates would be high eriough t o  s ign i f icant ly  a f f ec t  the 
ease with which the deformation can GCCW. 
propagation does OCCUT the s ize  of t h i s  region of very high s t r a i n  
r a t e  increases, thereby maluas the mechanism operative over a 
greater  volume of materiai .  

AL empirical re la t ionship has been developed which shows t h a t  

These r e su l t s  are p a r t i a l l y  substantiated 

The b r i t t l e  behavior of the  

It is oc3.y i n  this region t h a t  

Once, however, crack 

UMCLASSIFIED 

1 2 3 3 2 8 3  



UNCLASSIFIED A-42 

Damage Mechanisms. The objective of t h i s  program i s  t o  estab- 
l i s h  the  nature of the  interact ions between defects present p r io r  
t o  i r rad ia t ion  and those produced during i r rad ia t ion ,  w i t h  em- 
phasis on the role  played by i n t e r s t i t i a l  impurities. The inves- 
t i ga t ion  is  presently concerned w i t h  high pur i ty  i ron and i t s  l o w  
carbon and nitrogen al loys.  

Tensile tests of the zone refined i ron obtained from Battelle 
Memorial I n s t i t u t e  were performed during t h i s  period. 
load yield point of about 8000 psi indicated the  material  was not 
as pure as  the zone refined i ron  previously tes ted .  The intro-  
duction of impurities, however, may have taken place during re- 
duction of the 1*" diameter bars t o  the  1/8" diameter rod required 
f o r  t e n s i l e  specimens, The lower yield point of 16,800 p s i  was 
s l i g h t l y  less than tha t  of the previous zone refined i ron  tested. 
The d u c t i l i t y  w a s  a l so  greater  than the  previously tested zone 
refined iron. 

A drop in 

Grain s i ze  determinations are presently i n  progress. 

midat ion of Dispersion Hardened TD Nickel. 
t h a t  oxidation of metals may not be controlled en t i r e ly  by diffusion 
through the  oxide film when such films are  r e l a t ive ly  th in .  
suggests t h a t  a phase boundary reaction may be s igni f icant  in ea r ly  
stages of the  reaction. These considerations yield a k ine t ic  
equation 

Jost* has suggested 

He 

which i s  a more general form of the  parabolic equation, m - 
Here m i s  weight gain per un i t  area, k i  and 
phase boundary and parabolic reactions,  Uagner and 
Bauer, et  al, have shown t h a t  t h i s  equat i  appl ies  f o r  oxidation 
of copper f o r  weight gains up t o  10 mg/c $ (13.3 p film thickness).  

The equation has been shown t o  apply t o  the oxidation of TD Nickel 
i n  the  range 600-1000 C (1112-1832 F). 
straight l i n e  i n  nearly a l l  cases, demonstrating the  app l i cab i l i t y  
of the equation. 

A p lo t  of t / m  vs m yields a 

Tests have shown t h a t  both Inco 270 (99.97 N i )  and Johnson, mthey 
Nickel (99.997 Ni) oxidize at  a more rapid rate than TD Nickel. 

*Jost, W., Diffusion i n  Solids, Liquids, Gases, Academic Press, 
1952, P= 353. 
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If the thoria  dispersioi? enhances diffusior, In the  oxide film, 
the resu l t  would be a higher rat-e of oxidation f o r  TD Nickel than 
f o r  pure nickel, vhick: i s  not the  case, 
tha t  the r a t e  of the phase boundary reactlor?. i s  slowed t o  a value 
a t  least. approaching tha t  of the d'ffusion reaction. 

W e  mst conclude then 

The reaction a t  the oxide-Eta l  a t e r f a c e  may be affected,  since 
thor ia  pa r t i c l e s  probably accumulate there ,  
s ens i t i v i ty  of oxidat5on suggests t h a t  a reaction at  the  oxygen- 
oxide interface Is sffected,  Eisher or  both of these processes may 
be important. The r e l a t ive  sign:ficar.ce of the two is as yet unre- 
solved 

However, the pressure 

Cas Loop Developmct. A computzr program was prepared f o r  calcu- 
l a t ing  interface temperatures and heat losses  f o r  the  doubly con- 
tained pressure piping design using icslrlation between pipes. 
program can be used, hawever, t c  calculate z t e r f a c e  temperatures 
and heat losses  through as many as eight  layers of material  plus the 
inside and outside film drops. 
prepared f o r  the materiais and h e l i m  coolant used i n  the prototype 
gas loop (Haynes-25, type 316 and 347 s t a in l e s s  s t ee l s ,  and F i b e r f r d ,  
equations f o r  other engineering materials arid l i qu id  and gas coolants 
will be placed i n  the program t c  allow i t s  widespread wage f o r  th i s  
type of caiculat ior  

The 

Although zhe present program w a s  

Heat losses  were calculated f o r  t he  high temperature runs on the 
prototype gas loop. 
perature, the heater w i l l  operate a t  close t o  2100 F (1149 C). 

To provide a 2000 F (109  C )  test sect ion tem- 

Preliminary design of the  t e s t  section of the  model high temperature 
gas loop was completed and f i n a l  deslgn is under way. 

Mica as a Neutron &xiitor. 
mica r e su l t s  in dis,upted regions which a f t e r  etching in BF are  
v is ib le  when viewed with an opt ica i  microscope. The purpose of the 
present study i s  t o  d e t e m e  whether the phenomeno2 can be used t o  
monitor neutroc f lux  i n  graphite damage studies. 

The passage of f i s s ion  fragments through 

Impurity uranium is present fia rmca t o  the extent of approximately 

centration yields considerable t rack  dens i t ies  f o r  i r r ad ia t ion  times 
on the order of a few hGurs t o  several  weeks. 
bare and cadmium-covered, are being irradiated in a Hanford reactor  
test f a c i l i t y .  Fe, N i ,  and Co f lux monitors are included with each 
mica sample' 
questions: 

atomic percent, For monitoring a high neutron f lux  t h i s  can- 

Mica samples, both 

Tkese sample€ will be used t o  study the following 
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1. Are the track density counts reproducible fo r  different 
mica samples which experience the same irradiation 
history? 

2, Is there a correlation between track density counts and 
flux levels as given by the Fe, N i ,  and Co monitors? 

Is the relationship between track density and integrated 
flux l inear  as predicted? 

3.  

The same studies are being made fo r  low fluxes on the order of 
10 6 nv using the PCTR f ac i l i t y .  
of uranium w i l l  not be sufficient fo r  these low neutron f lux levels,  
t h in  sheets of natural uranium w i l l  be placed next t o  the mica 
samples. Thus the tracks in the mica w i l l  result from f iss ion 
fragments originating i n  the sheet of natural  uranium. 

Since the low impurity content 

The mica samples are prepared f o r  microscope viewing o r  photo- 
graphing as follows: 
in 5 6  IIF solution at 25 C f o r  1 hr,  mounted on a microscope s l ide  
and Al coated. 
&at ion * 

the  irradiated sheets are -cleaved, etched 

Micrographs w i l l  be used f o r  track density deter- 

6 Cas-Cooled Reactor Studies 

EGCR Graphite Irradiation. 
of irradiations of EGCR graphite has successfully completed two 

!5e s ixth capsule, 13-3-6, in the series 

cycles of irradiation. Number 5 thermocouple continues to operate 
errat ical ly .  The other eight thermocouples continue t o  function 
properly. 
bottom of the capsule w e r e  475 C, 625 Cp 725 C, 800 C, 450 C, and 
350 C, respectively, f o r  the first cycle of operation. These mean 
temperatures are  expected t o  vary l e s s  than 25 C over the scheduled 
four cycles of irradiation. 

The mean temperatures of the six samples fromtop t o  

Thermal Oxidation of TSX Graphite by Small Partial Pressures of 
Water Vapor. 
of oxidation i n  helium containing small p a r t i a l  pressures of water 
vapor is  now under study. 
reaction chamber w i t h  an internal  diameter of about 4 inches which 
allows the exposure t o  a controlled atmosphere of cylindrical graphite 
samples 12 inches i n  length and up t o  3.5 inches i n  diameter. 
I n i t i a l  measurements are on a ser ies  of TSX graphite samples renging 
from 0.5 t o  3.5 inches i n  diameter. 

The relationship between graphite sample s ize  and ra te  

Experimnts are performed in a quartz 
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The following procedure has been employed f o r  the i n i t i a l  rate 
deterrmnasions. Tne graphite sample 16 placed m the reaction 
chamber arAd the syssem i s  evacuated at  room temperature t o  a 
pressure of about, 0 ' 5  P. 
a t  the reaction temperature. 
purified from i t s  t race  oxygen impurity by copper a t  350 Cp i s  
flowed through the reactioL chamber; the volume flow ra t e  i s  ad- 
justed a r b i t r a r i l y  -LO a l m e a r  flow ra t e  of 20 cm/& past the 
sanpls. Tae run IS s ta r ted  by rout- the helium through a t r a p  
contaming liquid water a t  about O°C t c  give a resul t ing water 
concentraticjr, of about 7000 ppm, Following a su i tab le  period of 
oxidatioc, the Trap corrtahing water is  by-passed and the  graphite 
sample 1s cooled t o  room temperaturs i n  dry helium" The r a t e  of 
oxidation i s  then ob%ained from the measured weight loss of the 
sample and the time of reaction, TG date,  two runs have been made 
or, a s q l e  whose diameser is  1 .5  inches, Preliminary re su l t s  a t  
710 and 836 C indicate reaction rates one-quarfer t o  one-third of 
those calculated OE the btisis of r a t e  constants derived from small 
samples, thus Lmplylng retardatiori due t o  a diffusion barrier. 

The sample i s  then outgassed overnight 
Following outgassing, helium, 

7 GraDhite Radiatior, Damane Studies 

IrradictioL of Syrolytic Graphite, 
ATK a t  600 C has been accumulated a f t e r  a second i r rad ia t ion  on 
samples of pzoduction-grade pyrolytic graphite specimens, Samples 
were rectangular rods l /3  inch x 1/2 inch i n  cross section and 
2 inches t o  4 lnches iong. 
ments on four samples averaged - 0 . 2 6  f O.O3$ in a direct ion.  The 
average dimensionid change r a t e  betweer, 2680 WDTK and 4800 MwD/ 
ATK w a s  -O.i$ per io3 MWD/AT in th -  a direction. 
expansion i n  the c direct ion observex after 4800 MWD/ATK was qui te  
pronounced ranging from +0.67$ t o  l o G o  The average r a t e  of dimen- 
s ional  c h q e  in the  c direct ion f o r  the four samples w a s  nearly 
constant ranging from-0.25 t o  0,3$ per  lo3 WD/ATK. 
of smaller dimensioRs,lj2 inch x 1/2 inch x 1/3 inch, displayed an 
expansion of +3.8$ a t  the same exposure. It is suspected t h a t  the 
extreme difference may be the resu i t  of delamixiation in the  smaller 
s q l e  

A maximum exposure of 4873 MWD/ 

Total length changes from 15 measure- 

The s c a t t e r  of 

Another sample 

These r e su l t s  confirm the t rend of dimensional charges noted a t  
shorter  exposures. 
graphite prepared a% 2200 C contracts i n  the a direct ion and expands 
in the  c direct ion upori high temperature reacZbr i r rad ia t ion .  

There can now be l i t t l e  doubt t h a t  pyrolyt ic  

- 
These r e su l t s  give strong support t o  the existence of a vestige of 
low temperature damge, t ha t  is, expansion i n  the  c direct ion and 

P 
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contraction i n  the a direction, i n  graphise c rys t a l l i t e s  as hy- 
pothesized in the &rent theory of high temperature radiation- 
induced con.traction of graphite. 

Effect of Impregnation on High Temperature Contraction. 
thrrd irradiation has been completed on a ser ies  of samples which 
are intended t o  detelmine the effect of impregnation w i t h  fur- 
furyl alcohol on high temperature radiation-induced contraction. 
Two types of graphlte, m-85 used i n  H!TGR fue l  elements and TSX, 
were included. 
and 8$ for  TSX. 
pregnated samples than i n  the mimpregnated control samples, 
a l l  instances; however,. the impregnated samples baked t o  900 C w e r e  
dimensionally more stable than the impregnated samples which were 
graphitized at 2650 C and 2900 C. 

The t o t a l  length changes ranged from -0.546 t o  -lo* and the  dif-  
ference between the unimpregnated and graphitized impregnated 
samples was a minimum of Ool$o 
range 1.9 t o  3.2 x 1021 nvt, E > 0.18 MeV and i r radiat ion tempera- 
tures are  near 1000 C. 

The 

Total impregnant carbon added was 446 f o r  ELM-85 
~n general, contraction was greater i n  the im- 

In 

Fxposures are estimated i n  the 

8 Boronated GraDhite Studies 

In  the past several months an ef for t  has been made t o  correlate 
boron loss and lithium buildup with i r radiat ion history of boronated 
graphite samples; however, because of the necessity of performing 
other tests, only a few samples could be spared f o r  chemical analysis. 
Analysis of samples from one capsule irradiated at 540 C indicated 
tha t  boron migration occurred within the capsule, perhaps due t o  
the presence of water vapor known t o  have been introduced as a con- 
taminant i n  one of the samples. 
315 C, no migration was  noted. 
were i n  reasonable accord w i t h  estimates of lithium content based on 
measured thermal flux, The expected loss  in boron f o r  t h i s  exposure 
(5.68 x lS8 ovt, E > 0.18 N i  1 was less than could be determined 
analytically. 

I n  a capsule irradiated at  about 
Lithium analyses though scattered 

Four samples from each of four 2-inch boronated graphfte cubes w e r e  
analyzed f o r  boron and lithium t o  check homogeneity of black and gray 
material a t  two boron concentration levels.  The average deviations 
fo r  each of the four sets of data w e r e  respectively 2.0, 1.3, 2.2, 
and 4.2$, 
Eliminating one point, however, gave an average deviation of 1.9. 
Thus the gross variation of boron concentration in these four dif-  
ferent materials was  only about 2$. (Multiple analyses of 

The average deviation f o r  all 16 points was  2,446. 
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homogenized samples indicated a precision of be t t e r  than 0.5% f o r  
the method used. 1 

Boronated graphite w i l l  be i r rad ia ted  i n  capsules which w i l l  sh'ield 
the samples from slow neutrons responsible f o r  the B (n, cy) Id re- 
action, and yet permit exposure t o  the unperturbed f a s t  component 
(E > 0.18 Mev). 
of alpha pa r t i c l e s  and fast neutrons in causing damage. 

This w i l l  permit evaluation of t he  r e l a t ive  e f f ec t s  

Neutron transport  theory calculations have been made on t en ta t ive  
capsule designs which show tha t  a su i tab le  cadmium shield w i l l  reduce 
the B (n,@) Li reaction by a fac tor  of 4 without appreciably per- 
turbing the  fast  flux. Consequently, heat transport  calculations are 
now being made t o  determine heating ra tes  t o  be used in calculating 
heat t ransfer  i n  experimntal  capsules. 

9. Aluminum Corrosion and Alloy Development 

Oxidation Characterist ics of Aluminum i n  a Non-Isothermal Loop. 
Effects of pH and loop aT on the corrosion r a t e  of aluminum are ' 

presently being investigated in  the non-isothermal loop a t  a test  
section temperature of 330 C (626 F) and temperature drops of 8 . t o  
55 C. 
sion ra te  by a fac tor  of 2. 
a decrease i n  pH from 6.4 t o  5.4 caused the r a t e  t o  decrease a t  high 
4' (55 C )  by nearly a f ac to r  of 2 (2.05 t o  1.15 mils/lO days). Sub- 
sequent increases i n  pH: 
creases in ra t e  (1.35, 1.45, 1.54 mils/lO days). 
data from a recent run indicate that current r a t e s  a t  high AT a re  below 
the r a t e  observed a t  beginning of the se r i e s  at  about the saxu? pH. 

Increasing the  loop AT from 8 C t o  55 C increased the corro- 
However, (1.05 t o  2.05 mils/lO days.) 

. 5.7, 6.1 and 6,4 caused concomitant in- 
However, preliminary 

In-Reactor Corrosion of Aluminum. 
measured i n  the second t e s t  in H - 1  Loop were s l i g h t l y  lower in-flux 
than out-of-flux, and s l i g h t l y  lower f o r  IC-8003 al loys (1.5s Fe, 
l.5$ N i ,  0.002$ Si) than f o r  X-8001 (0.5s Fe, lo* N i ,  0.2s Si). 
in-flux corrosion rates were 0.81 and 0.63 mil/mo f o r  x-8001 and 
X-8003, respectively; t he  corresponding rates out-of-flux (downstream) 
were 0.94 and 0.73. 
posure a t  288 C p  25 f t / sec ,  pH 4.9 with phosphoric acid. 

Corrosion rates of aluminum coupons 

The 

The conditions of the t e s t  were 37 days of ex- 

By comparison, the rates in the  first t e s t  (pH 7.9, 46 days, 288 C )  
were 0.99 mil/mo in-flux and 2.84 mils/mo out-of-flux f o r  both X-8001 
and A-288 al loys.  
acid in the second t e s t  was not as great as was expected, par t icu lar ly  
in-flux. 
were covered w i t h  crud; t h i s  supports the  hypothesis t h a t  the difference 

The reduction of corrosion by addition of phosphoric 

I n  the  second test  both the in-flux and out-of-flux coupons 
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ra+,es 21 the  f;rst  :est w a s  due t o  
the in-fiux coupo~s.  

The abme data for  the second t e s t  are  frorn coupons cleaned by 
thermal stock folioved by chemical c l e e m g  i n  a phosphoric- 
dichramate-acetlc mixtureo 
t u r E  oxide very wel l .  
iodine-mthw-ol, gave very e r r a t i c  results 

Tks prozedure removed the high tempera- 
Other coup or^^ subjected t o  dissolution in 

USAGC-AECL Cooperative Fz-cgrmn 03 Developmen: of Heavy Mater Moderated 
Power Reactors 

Hydraulic & Hest Tramfer Characterist ics of l9-Rod Bundles. Analysis 
WaE corizinued of exI;erisen+,al heat t r a m f e r  and ljressure drop data  ob- 
tabjcd with a t  r i e c t r i s s l l y  heated l9-rod zesz section, 6,3 f ee t  long 
w i t h  0.05O-inch spacing betweerA rods 
mination of the two phase pressure drop, the heat t r ans fe r  coeff ic ients ,  
and the degree of rad ia l  rmxirig 11; the bundle, 

The m a l y s i s  includes deter- 

The analysis has not been completed, but several  observations can be 
made at this time and a re  reported as follows: 

1. 

2. 

3.  

The l iqu id  phase f r i c t i o n  fac tor  appears t o  have a -0.1 
power dependence ori the  Reynolds number and is about what 
would be calculated using an equivalent diameter ca lcu la ted .  
i n  the conventional manner. 

During heat gefierazfon the test section pressure drop at 
ou t l e t  water t e q e r a t u r e s  close t o -  but, less t h m  saturat ion 
are 20 t o  3C$ higher than the pressure drop w i t h  no heat 
generation. !I%is is uxioubtedly due t o  loca l  boiling. 

%e conditions a t  the start of loca l  boil ing could be deter- 
mined by not i rg  where a change of slope occurred OIL p l o t s  of 
heat f lux versus the surface temperature minus saturat ion 
temperature. IT was found t h a t  the  surface temperatures 
during loca l  bo i l i rg  were somewhat higher than predicted by 
the Jeas and Lottes correlat ion 

where: Q/A I s  the heat flux, B/hr-sq ft 
I? 1s pressure? ps i a ,  
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4 Average heat t saixsfer coeff ic ients  E which rariged f ram 
about 1,530 t o  5,000 Btu/hr-sq f t  a t  flow ra tes  of 
5OO,OOO t o  5,000,000 lb/hr-eq f t ,  showed a dependence of 
the heat t ransfer  on the 0,5 power of the flow r a t e  
ra ther  than the 0.8 parer commonly accepted f o r  duct 
flow. 
d i s  creparx y 

There w a s  no immediate explanation f o r  t h i s  

5 .  The heat t ransfer  coefficients improved markedly upon 
the  s t a r t  of local boiling. The improvement increased 
w i t h  increasmg boiling and reached values of 10,OOO t o  
15 000 Btu/hr- sq f t wheri b a k  boiling w a s  well established 

l9-Rod Fog Coolir,g StGdies. 
section f o r  fog cooling studies which vas damaged durirg; testing has 
been repaired- It 1s beis4 irhstalled without. the flow d iver te r  used 
i n  the previous t e s t s  t o  det.ermine the e f f ec t  the d iver te r  had on, 
boiling burnout. 

which tended to divert  the flow i n t o  the bundle a t  t h a t  point.  

The 19-rod e l ec t r i ca l ly  heated test 

The flow diver ter  was a ring of A120 segments 
around the bundle about 14.5 iriches upstream of the ac 2 ive sect ion 

Dome Seal ??roe Nozzle Closures 

The dome sea l  with a modified hold-don mechanism using Bel lev i l le  
Spring-washers has been tes ted  f o r  a %ota l  of 15 cycles. There has 
been no permanent def lect ion of the dome as measured under 1OX mag- 
ni f ica t ion  since the s t a r t  of t h i s  series. As previously reported, 
the cause of dome deflection w a s  apparently re la ted t o  stresses re- 
sul t ing from temperature gradients as the test  section was valved 
in to  the hot (570 F) loop. 

Upon f ive  more cycles of "assembly-cycle-disassembly" 
t e s t  proposal w i l l  have been successfully completed. These t e s t s  a re  
presently i n  progress. 
thermal shock tests to evaluate the dome sea l  res is tance t o  tempera- 
t u r e  change with the  modified hold-down mechanism. The following 
conclusions are  apparent from t e s t s  t o  date: 
very leak t i g h t  - there  has been no t race  of leakage (discounting a 
f e w  drops of condensate when the dome deforrned 0.135 inch); (2) the  
major cause of dome deformation w a s  found t o  be very rapid temperature 
change, which w a s  eliminated by changing the test procedure; and (3 )  a 
minor cause of dome deformatfor, was found t o  be the r ig id  hold-down 
mechanism, which was eliminated by modification of the retaining 
mechanism. The dome sea l  concept shows promise of being an ef fec t ive  
closure devlce 

the or ig ina l  

Consideration is belng given t o  running 

(1) the  dome seal is 
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11 Advanced Reactor Concept Studies 

Fast Supercr i t ical  Pressure Power Reactor. 
l a t ions  f o r  the most recent reference core design w e r e  completed 
during the month. For t h i s  core, fue l  cycle costs  were excessive 
(3.15 mills/kwhr) and w e r e  considerably i n  excess of the corres- 
ponding costs f o r  the thermal SPPR (1.7 mills/kwhr). 
primarily a t t r ibu tab le  t o  (1) higher fue l  fabr icat ion costs  assumed 
fo r  the FSPPR ($300/kg f u e l  vs. $150/kg f u e l ) ,  (2) a re l a t ive ly  low 
specif ic  power i n  +,his reference corep and ( 3 )  a large breeding 
blanket. 
high cost, approximate fue l  cycle costs were computed f o r  a number 
of possible changes i n  the reference core design and i n  cost 
assumptions. These are summarized a s  follows: 

Fuel cycle cost  calcu- 

This i s  

In  order t o  ident i fy  the major contributing fac tors  t o  the 

Approx. Fuel 
Cycle Cost 
Mills/kwhr Design Change from Referelice Core 

1. Reduce rad ia l  blanket from 30 cm t o  
1 5  c m  thick.  2.68 

2. Eliminate outer moderator and f lux  t r a p  
and make a 22 cm fast rad ia l  blanket. 2.63 

3 .  Cut the core length t o  5 f e e t  - leave 
the radial dimensions the same. 2.37 

4. Cut the radial dimnsions of the 5 - f O O t  
core,9 reducing volume by l%, and increase 
burnup from 70,000 MWD/t t o  100,000 MWD/t 1.74 

5*  A s  above but reduce f u e l  element fabr icat ion 
charges by one-half f o r  both the  core and 
blanket material  1 019 

Based on these estimates, it was  apparent that the design would have 
t o  be reduced t o  a 5-foot core w i t h  reduced radial dimensions and a 
mch smaller blanket region. Rather than spend the t h e  developing 
a detai led f u e l  element design f o r  the 5-foot core, it was decided 
t o  u t i l i z e  the  information developed f o r  the 6-foot core. 
the number and diameter of tubes was 
and Whitney heat t r ans fe r  parameter, 

To do this, 
by holding the  Pratt 
, constant and the 

pressure drop constant. Coots 
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The following relationships were established: 

N 5  = 1.419 R@ 1'925 N 6  
- 0.870 ~6 

D5 - 0.770 R@ 

where R@ i s  the r a t i o  of the peak t o  average flux in the  5-fOot core 
t o  the peak t o  average f l u  i n  the 6-foot core. 
relationships, the fue l  t o  coolant r a t i o  i n  each core zone w a s  given 
some minimum value. These were as follows: 

Besides the above 

(Vf/Vc) 3rd pass = 1.5  (min) 
(Vf/Vc) 2nd pass = 1.5 (min) 
(Vf/Vc) 1st pass = 3.0 ( m i n )  

The void and cladding volume fract ions f o r  the 5-foot core were assumed 
the same as f o r  the  6-foot core. These a re  primarily a function of t he  
fue l  element surface t o  volume ra t io .  Since the fue l  element shape 
does not change, the  only change i n  these volume fract ions w i l l  come 
from s l igh t ly  lower fue l  t o  coolant r a t io s  i n  the 5-foot core. 

Region Radius 

Core 1 29.6 cm 3rd coolant pass 
core 2 42.5 cm 2nd coolant pass 
Flux t r a p  49.5 cm 
Mode r a t  or  52.5 cm 
Flux t r a p  59.5 cm 
Core 3 76.7 cm 1st coolant pass 
Blanket 96.7 cm 

(Core Height = 5 f t )  

The specif ic  power is  0.70 MWt/kg f issi le with an i n i t i a l  c r i t i c a l  m ~ s s  
of 966 kg f i s s i l e  plutonium and a breeding r a t i o  of about 1.2. 
reduction i n  s ize  now yields  a s l i gh t ly  negative coolant void co- 
e f f i c i en t  w i t h  only one moderating region. 
i n  c r i t i c a l  mass may be made upon completion of burnup calculations.  

The 

Some addi t ional  adjustment 

A reevaluation of fue l  fabr icat ion costs  is also being made, based on 
a more detai led fue l  design. 

Calculations were a l so  i n i t i a t e d  f o r  a 1000 We core design t o  better 
evaluate the economic incentives i n  the la rger  f a s t  reactor  s i z e  
range. 
fue l  cycle cost  estimate t h a t  can be compared w i t h  the  300 MWe f u e l  

The design e f f o r t  here is  j u s t  enough t o  obtain a reasonable 
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cycle cost .  
determined us- the 6-foot core as a base and keeping the heat 
t ransfer  parameter and pressure drop constant. 

Agaixi the number of tubes and t h e i r  diameter w a s  

The t o t a l  coolant cross sectional area i n  each coolant pass w a s  
established from the above relatioriships. These were then modified 
t o  f i t  i n to  what appeared t o  be an econodc core diameter. The 
modifications necessary a re  based oTi ob tah ing  a reasonable maximum 
heat flux with pressure drop comparative t o  the SPEl. The only 
pressure drop parameter considered here i s  the mss flow ra t e .  The 
range of mass flow ra tes  allowed is: 

6 2,14 x lo6 < G < 3.81 x 10 ( lbs/hr-f t2)  

(1st. pass) (3rd Pass) 

Preliminary draf5s of several FSPPR repork eections concerned with 
reactor descr ipt ioc were completed. 

Vendor information on the present outlook f o r  commercial production 
of Renev 41 tubing is  not optimistic.  Specifically,  fabr icat ion of 
small diameter, th in  wall tubes has yielded unsatisfactory qual i ty  
and excessive losses  due t o  s p l i t t i n g  and f i r e  cracking during 
annealing. While additional investigations on future  outlaok w i l l  
continue, a l te rna te  tubing materials are  being considered f o r  the 
FSPPR 

Plutonium Fueled Rocket Reactor. 
made re la t ing  the  required core s ize  and weight t o  coolant v o l w  
fract ion and heat t r ans fe r  rates. 
core 12 t o  13 inches i n  diameter and approximately 18 inches long 
appears feas ib le .  This core would weigh approximately 750 lbs; with 
a re f lec tor  and a minlmal shadow shield,  weight would be about 2500 
lbs .  Sizing of the core i s  based on a "honeycomb" cermet f u e l  with 
a 0.020-inch th ick  fuel web and square coolant channels 0.0kO-inch 
on a s ide (or  hexagonal channels 0.020-inch on a s ide) .  
would be formed i n t o  th in  p la tes  the f u l l  diameter of the core; these 
p la tes  would be indi-dually suspended x i th in  the reactor.  
Development has produced turgsten - Uo;! cermet honeycomb samples 
having a 0,020-inch fue l  web with 00125-mch square openings. 

Preliminary correlat ions have been 

For a 1000 Mw(t) power leve l ,  a 

The f u e l  

Fuels 
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The assumed aver 
5 x LO6 Btu/hr-ft 
between the f u e l  surface and the hydrogen coolant would be on the 
order of 800 F. 
power d is t r ibu t ion  strongly toward the i n l e t  end, t o  boost fuel 
temperatures i n  t h a t  reglon (entering hydrogen temperature may be 
200 t o  400 R) and t o  ease the problems of fue l  overheating-at the 
e x i t  end of the core. 

e heat t ransfer  r a t e  f o r  the core is about 
A t  t h i s  r a t e  the  temperature difference 9 

It would appear desirable t o  skew the  reactor 

This core arrangement poses poten t ia l ly  formidable problems i n  
support of the thrus t  load from coolant flow through the  fue l  
disks, accommodation of thermal expansim of the f u e l  disks, 
allowance f o r  flow channels mismatch, and provision f o r  avoiding 
vibration. 
as the next s tep i n  core analysis.  

A prel imuary assessment of these problems is  planned 

Plutonium F’ueled Spacecraft Reactor. 
on the control span of a spectral  sh i f t  control region i n  the PFSR 
was studied t h i s  month. The control span appears t o  be 209 t o  3 6  
A k, which i s  somewhat lower than reported last month. 
ver t ica l  leakage description used t o  date i s  too crude t o  be en- 
t i r e l y  sat isfactory.  
leakage w i l l  require the use of a two dimensional computer code. 

The e f f ec t  of ve r t i ca l  leakage 

However, the  

More accurate def in i t ion  of the ve r t i ca l  

D e  DMSION OF RESEARCII - 05 PROSRAM 

1. Radiation Effects on Metals 

This program i s  aimed at  establishlng the combined e f f ec t  of im- 
pu r i t i e s  and neutron i r rad ia t ion  on the  properties and s t ruc ture  
of specif ic  metals and deducing framthermally activated recovery 
processes how the damage s t a t e  can be al tered.  

Single Crystal Molybdenum. 
and unirradiated molybdenum single c rys ta l s  a r e  underoing fur ther  
interpretat ion.  
crystallographic nature of s l i p  i n  unalloyed body-centered cubic 
metals, it has been deemed advisable t o  consider the poss ib i l i t y  of 
s l i p  on crystallographic planes other than the  familiar {lOl), 
{112j , and 1123) families. 
wr i t ten  which f a c i l i t l t e s  the  computation of maximum resolved shear 
stress and shear s t r a i n  on eight possible families of s l i p  planes. 
The Dlanes considered are {lOd {134), {145), 

Results of t e n s i l e  testing of irradiated 

Because of a cer ta in  degree of.question as t o  the  

A new 7090 computer program has been 

{112) , {123) , [235) 
$1563, and f437). Since 
firmed as  < 111 > i n  the  
higher-index planes have 

the  s l ip -d i rec t ion  has-been de f in i t e ly  con- 
case of unirradiated molybdenum crys ta l s ,  
not beer, considered. 
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This method of interpretat ion has c lear ly  demonstrated the orien- 
t a t ion  dependence of deformation i n  both i r rad ia ted  and unirradia- 
ted molybdenum. 
apparently deform by s l i p  on several  systems, it is only possible 
t o  s t a t e  t h a t  most of the deformation occurs on the  plane of 
maximum resolved shear stress. I n  i r rad ia ted  crystals ,  s l i p  i n  
the ear ly  stages of deformation appears t o  be e n t i r e l y  confined 
t o  the plane of maximum resolved. shear s t r e s s ,  

Tfm-lapse photographic recording of t ens i l e  deformation of ir- 
radiated (1019 nvt, E > 1 Mev) molybdenum crys ta l s  exhibit ing 
pronounced yield pofnts has revealed t h a t  en o f f se t  occurs i n  the 
c rys ta l  a f t e r  yielding, indicating gross local ized s l i p .  As 
p las t i c  flow proceeds, the o f f se t  i s  gradually "healed", but 
rupture occurs a t  the point of the  ini t ia l  o f f se t ,  This e f fec t  is  
ascribed t o  rapid d;slocation multiplicatiorz on one s l i p  system 
during the yielding process and formation of extensive dis locat ion 
pileups which form a region of high s t r e s s  concentration. 

3.1 the case of the unfrradiated c rys ta l s ,  which 

Precision l a t t i c e  parameter nreasurements on molybdenum single  
c rys ta l s  have been discontinuedo Excessive substructure In both 
unirradiated and i r rad ia ted  samples, as well as a point-to-point 
variation i n  measured valuea of l a t t i c e  parameters, indicated that  
the measurements would be of marginal value. Both these charac- 
t e r i s t i c s  of the c rys ta l s  can be traced t o  t h e i r  naethod of prepara- 
t ion ,  The c rys ta l s  were grown by an electron beam zone-melting 
technique, which generally r e su l t s  i n  a f a i r l y  high densi ty  of 
grown-in dislocations.  The slow cooling r a t e  associated with t h i s  
technique permits considerable thermally-activated dis locat ion 
motion and subgrair. formation, as w e l l  as extensive prec ip i ta t ion  
of carbides. Both the  above objectionable properties can be 
grea t ly  diminished by a high temperature anneal of about one-half 
hour a t  2000 C (3632 Fj. 

A second group of c rys ta l s  is being prepared f o r  i r r ad ia t ion  in the  
annealed condition ra ther  than in the  as-grown state, 
samples w i l l  be studied further t o  determine the e f f ec t  of f r -  
radiat ion on the  substructure ., 

The present 

Polycrystall ine Molybdenum, Transmission electron microscope 
examination of molybdenum f o i l s  containing three levels of carbon 
as an impurity has been completed. 
1019 nvt (E > 1 Mev) a t  40 C (104 F'lp end then annealed f o r  2 hours 
a t  900 C (1652 F). 
were completely eliminated in the  case of the  high pur i ty  molybdenum 
(< 10 ppm carbon). 

The f o i l s  were irradiated t o  

Defect s t ructures  introduced by i r r ad ia t ion  

Small c lear ly  resolvable loops pers i s ted  in the  



A-55 HW-78052 

molybdenum containing 150 and 450 ppm carban, and in these 
materials the spot defects present after a 750 C (1382 F) anneal 
were completely eliminated by annealing a t  900 C (1652 F). 
absence of loops i n  the high pur i ty  molybdenum after i r rad ia t ion  
and annealing i s  strong evidence t h a t  the loops are associated 
w i t h  point defects s tab i l ized  by impurity atoms. In the  f o i l s  
containing 150 and 450 ppm carbon, it is  believed tha t  the small 
loops present a f t e r  i r rad ia t ion  a re  due t o  the clustering of point 
defects a t  trapping s i t e s  such as I c t e r s t i t i a l  carbon atoms, 
followed by collapse t o  form a dislocation loop. The persistence 
of the loops suggests that the resForisible defects are vacancies 
since the binding energy of a vacancy xf th  rn interstitial solute 
atom i s  greater  than t ha t  of an i n t e r s t i t i a l  solvent atom with an 
i n t e r s t i t i a l  sc lu te  atom. The growth of the loops upon annealing 
at  750 C (1382 F) may be due t o  absorption of vacarcies which a re  
released from t i g h t l y  bound c lus te rs .  The correspondug decrease 
i n  density of the spot defects suggests t ha t  the  spot defects are 
the source of the vacancies. 
900 C (1652 F )  anneal is  probably due t o  emission of vacancies and 
nonconservative dislocation motion, 

The 

Shrinkage of the loops a f t e r  the 

A capsule containing eight Ugh pur i ty  molybdenum e l e c t r i c a l  re- 
s i s t i v i t y  spe imens has been discharged and opened a f t e r  an ex- 

f o r  safe handling a f t e r  a decay period of five days and w i l l  be 
allowed t o  decay f o r  a period of two more weeks before investiga- 
t i on  begins. 

posure of l& 6 nvt (E > 1 MeV]. The specimens are too  radioactive 

Nickel. 

(E > 1 Mev). 
(1) f o i l s  annealed at 700 C (1292 F)  f o r  one hour, and (2) f o i l s  
containing approximately 3 6  cold worko The f o i l s  w i l l  be studied 
by x-ray and transmission electron microscope techniques following 
i r rad ia t ion ,  

Nickel f o i l s  of 99.4, 99.6, and 99.974 pur i ty  have b en 

Two metallurgical crrnditionf are represented: 
encapsulated and submitted f o r  reactor i r r ad ia t ion  t o  2 x 1s 8 nvt 

Various techniques f o r  e l ec t ro ly t i c  thinnfng of nickel f o i l s  are 
being investigated. After thinning in an e lec t ro ly te  of 234 per- 
chloric acid - 774 g lac i a l  ace t ic  acid,  the  high-purity cold-worked 
material shows elongated grains w i t h  d i s t i n c t  grain boundaries in 
the opt ica l  microscope. It is  not lmm i f  t h i s  is  the result of a 
preferen t ia l  e tch a t  grain boundaries o r  an outl ine of a second 
phase present i n  the material. 
revealed subgrain boundaries consisting of a c i r cu la r  a r ray  of dis- 
locations,  
investigation. 

Transmission electron microscopy 

Other e lec t ro ly tes  and polishing conditions are under 
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A paper es t i t l ed ,  "Yielding Behavior of Neutron-Irradiated Nickel," 
has been prepared fo r  subrmssion t o  - Acta Metallurgica. 

A t o t a l  of 120 inches of high-purity (99.9974) n2ckel single 
crystals has been ordered f o r  deformation studies. Specific 
orientations w i l l  inchde  
[123]. 
0.020-inch diameter nickel wire. 

[111Ij [Oil.]) [i12], [012], and 
Also on order i s  a t o t a l  of 250 feet of ultra high-purity 

Rhenium. 
supplied by the Rembar Company has shown the wire t o  be unsatis- 
factory for  use I n  e l rcs r ica l  r e s i s t i v i ty  measurements. The w i r e  
contains numerous surface cracks up tc 0.15 IIPD. deep, long longitudinal 
cracks ir. the center of The wire: and numerous regions of high porosity 
near the surface, Rhenium rods Ool i x h  UI diameter supplied by the 
same vendor a p p a r  t o  b~ micrcstructurally sound and W i l i  be reduced 
t o  0 020- inch d i m t e r  wire cr-- sAte 

Metallographic examination of 0.5 mm diaxneter rhenium wire 

Experimental Techniques and Apparatusd 
sample holder is being ut i l ized f o r  annealing studies on cold- 
worked and irradia+,ed f o i l s ,  
molybdenum f o i l s ,  but nick&, Lron, and rhenium samples w i l l  be 
exarmned as they become avallableu Parameters t o  be studied are 
l a t t i c e  parameters, l i ne  breadths, and possibly the Debye-Waller 
temperature factor of the irradiated samples. 
promises t o  be especially valuabie i n  the study of annealing 
kinetics, as the amealing process car, be followed continuously 
for  any desired period. 

A bgh-temperature x-ray 

The first samples t o  be examined are 

The x-ray technique 

An apparatus for  quench= f o i l  specimens for  subsequent examination 
by transmission electron microscopy has been. assembled and tested. 
Specimens of 0.003-inch thick nickel f o i l  i n  widths of 118- and 
3/32-inch have been successfully quenched from 1400 C (2552 F) at 
rates  of approximately 5 x 103 degrees per second. 

2. PlutoIiium Physical Metallurgy 

The objective of th i s  program i s  t o  determine some of the basic 
physical metallurgical properties of high-purity plutonium and t o  
establish the effect  of certain specific alloying additions on these 
properties. Two areas are under study: mechanfsms of phase trans- 
formations and mechanisms of deformation and recovery. 

Phase Transformation Studies 
curves of the y t 8 3 CT transformations of high quali ty plutonium, 

Time-Temperature-Trasf ormation (T-T-T) 

l e s s  than 300 p p i  t o t a l  impurities, were obtained. -The primary 
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difference betweeri these T-T-T curves and the curves pb l i shed  
ear l ie r  for  the correspondlng transformations of lower quality 
metal is that  they are shifted t o  the l e f t  due t o  the higher 
purity. The temperatures of the maximum reaction rate fo r  the 
y -+ p and the p+ CY transformations were 100 C (212 F) and 
-30 C (-22 FT, respectively. These temperatures do not appear 
t o  depend upon the quality of the =talo On the other hand, the 
noses of the y-4  p and she p +  CY T-T-T CUTES become increasingly 
sharp w i t h  increasing amounts cf impurities, The degree of 
sharpness depends upor, the type of impurity. 

Specimens, one cent imter  i n  diameter and two centimeters i n  length 
were thermally cycled eight t i m * s  between 350 C (662 F) and 190 C 
(374 F) (6  2 y the& cycling), between 350 C and 110 C (230 F) 
( 5  p p thermal cycling:, and between 260 C (500 F) and 110 C 
(230 F)  (ya p thermal cyclmg;, The physical damage observed i n  
these specimens w a s  very small as indicated by a density decrease 
i n  each of less than 0.01 g/cc. This was much less than the phys- 
i c a l  damage associated w i t h  p $  cuthermal cycling. 
decrease occurring during 8 4 1  CY cycling is 0.03-0.6 g/cz depending 
upon the transformation temperature, 

The density 

The study of the mechanisms of the p4oltransformation was con- 
tinued on plutonium which had been hydrostatically pressed in the 
beta phase a t  90,000 psi and 180 C (356 F) and then transformed 
under pressure. 
of 19.75 gjcc and i n  which microcracking was  essent ia l ly  eliminated. 
Wafers of t h i s  m e t a l ,  $dch  111 diameter and 0.075-inch in t h i c h e s s ,  
were beta heat treated 20 hours a t  190 C (374 F)$ transformed from 
beta t o  alpha t o  yield 5> 10, l5> 25, 50 and 99'$ of alpha phase a t  
78.0 C (172.4 F)> quenched t o  -75 C (-103 F) t o  complete the trans- 
formation, and examined metallographically. The incubation time f o r  
transformation t o  begin under those coriditians w a s  4000-5000 seconds. 
This procedure produces a microstructure i n  which the alpha fonaed 
a t  78.0 C (172.4 F) can be distinguished from the untraosformed beta 
phase present a t  78.0 C, but which then transforms during the quench 
t o  -75 C. 
graphically t o  gain some knowledge of the mechanism of the beta t o  
alpha. transformation 

This procedure produced metal which had a density 

These specimens and others are be.- examined metallo- 

The electrolyte conononly used fo r  electropolishing and electro- 
etching alpha plutonium has beer, 2 parts  tetraphosphoric acid, 3 parts 
water, and 5 par t s  2-ethoxy-ethanol a t  an uperating voltage of 20- 
24 volts fo r  one t o  two miriutes. This procedure has produced good 
polarized l i gh t  photomicrography of the alpha phase. Huwever, t h i s  
etchant frequently causes excessive p i t t i ng  i n  as-cast high puri ty  
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plutonim which has been transformed at  60 C (140 F) and higher. 
Pi t t ing has been nearly elfminated by beta pressing and decreasing 
the r a t i o  of water t o  tetraphosphoric acid from 3:2 t o  2:30; how- 
ever, the electropolishing t i m e  must be increased t o  f ive  minutes. 
I n  addition t o  decreasing the p i t t ing ,  the electro-etching causes 
the alpha grains t o  become rrearly as d is t inc t  under bright f i e l d  
illumination as under polarized l i gh t  illumination. 

The deformation during the alpha t o  beta transformation of plu- 
tonium i n i t i a l l y  containing (1) a fine-grained and (2) a coarse- 
grained alpha microstructure was determined under applied com- 
pressive pressures of 1000 and 2000 psi .  The creep rates a t  85 C 
(185 F) were found t o  be smaller for  the coarse-grained specimens 
than they were for  the fine-grained specimens. 
during transformation of both types of specimens w e r e  greater by 
an order of magnitude than the rates  of e i ther  single-phase alpha 
or  beta. 
by heat-treating a t  450 C (842 F) for  one week and slow cooling. 
The f ine grains were prepared by quenching the specimens from 180 C 
(356 F)  t o  -75 C (-154 F). The average grain sizes were approxi- 
mately 0.1 mm and 0.001 mmp respectively. 

The creep rates 

The metal containing coarse grams of alpha w a s  prepared 

Grain Growth, Deformation, and F rac tue  Studies. It has been 
def ini te ly  established tha t  plutonium castings with thicknesses up 
t o  about 00125-fich can be reduced, by roll ing,  at least 90$ at 
temperatures of 70 C (158 F). Reductions of up t o  5C$ per pass 
have been successfully carried out. 
in i t ia l  reduction of 16 t o  20$ a t  this temperature subsequent re- 
ductions are  re la t ively independent of temperatures down t o  the 
lowest which has been attempted (25 C ) .  

It appears t ha t  after an 

An attempt has been made to r o l l  heavier p la te  castings with l i t t l e  
success. 
worked material which are thicker than the O.OlO-O.Ol5-inch thick 
s t r i p  result ing from the 9 6  reduction cf the 0.l25-Fnch castings, 
further e f for t s  t o  employ heavier cast  sections heve been under- 
taken. 
i n  the n o m 1  manner and attempts were made t o  r o l l  these i n to  
square bars pr ior  t o  reduction t c  s t r ip .  
resulted i n  severe cracking perpendicular t o  the rol l ing direction. 
Attempts a t  reduction of G.005-inch per pass permitted two passes 
between which the bar was rotated 90 degrees. On the  th i rd  pass, 
however, a clean longitudinal fracture occurred which appeared t o  be 
related t o  the parting l ines  of the mold. Mtallographic examina- 
t ion  of these castings revealed severe microcracking and t h i s  con- 
di t ion undoubtedly has a bearing on the working characterist ics.  

Since it i s  desirable t o  have spec-ns of the  highly 

Round bars with a narmnal diameter of 0.50-inch were cast  

AE i n i t i a l  1 6  reduction 
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Future e f f o r t s  w i l l  be directed toward the production of castings 
i n  which internal  flaws are  minimized. 

A graphite mold has become available which w i l l  permit the  casting 
of s t r i p s  O.125-inch x 1 inch x 7 inches. 
two-inch lengths, f i t t e d  in to  a suitable tantalum mold which w i l l  
a l s o  serve as a crucible. 
i n t e r io r  assembly w i l l  be quenched t o  produce a fine-grained 
material w i t h  a m i n i m  of microcrackingo 
w i l l  be subjected t o  isothermal transformation in each phase as it 
cools from the melt. 

These are t o  be cut Fnto 

After milling and so l id i f ica t ion  the 

A similar  set of castings 

Metallographic examinatiori cf the alpha-rolled plutonium which had 
been annealed at  180 C (356 F )  f o r  seven hours under a hydrostatic 
pressure of 180,0i>o psi  r e e a l e d  an equiaxed grain s t ructure  with 
grains approximately 0.03 mm in d;amet,er, 
su l t ing  from the anneal appears t o  be insignif icant .  
cer ta in  t h a t  t ransformat ia  had not taken place a t  t h i s  r e l a t ive ly  
high temperature although the surface veining which usually r e su l t s  
from such a crystallographic t r ans i t i on  was not apparent. 
investigation is t o  be continuedo 

The grain growth re- 
It is  not 

This 

Fractography, the study of f racture  ul terfaces  by metallographic 
examination, has been initiated on plutonium. 
t h i s  specialized technique w i l l  y ie ld  information unattainable by 
conventional metallographic procedures, Variables t o  be invest i -  
gated w i l l  include temperature, c rys ta l  s t ructure ,  and microstructure. 
W o  d i s t i n c t  advantages of fractography are  (1) the elimination of 
a r t i f a c t s  introduced by specimen surface preparation, and (2) an 
insight  i n t o  the in te rna l  microstructure of a material ,  such as 
plutonium, which is d i f f i c u l t  t o  obtain by normal techniques and 
procedures. 
f ractur ing two as-cast ,  alpha plutonium notched rods 1/4-inch in 
d i e t e r  a t  20 C (68 F) and -80 C (-112 F), respectively. 
graphs (20X) and micrographs (50x1 of the  fractures  w e r e  taken and 
electron photomicrographs were obtained from repl icas  of the frac-  
tu re  surfaces. 
graphs w i l l  be attempted a f t e r  a suf f ic ien t  number of tests have 
been performed. 

It is expected that 

I n i t i a l  experimental work has consisted of impact 

Wcro- 

Interpretat ion and evaluation of the  microfracto- 

Tensile t e s t ing  of 0.54 w/o Al delta s tab i l ized  plutonium is  con- 
tinuing. 
and 500 C (68 F, 662 F, 752 FP 842 FP and 932 F) show no evidence 
of the Portevin-LeChatelier e f f ec t .  

Thus f a r ,  specimens tes ted  a t  20 C 9  350 C B  400 C, 450 C, 
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E. CUSTaMER WORK 

1. Radiometallurgy Laboratory 

Examinations and Measurements. 
fuel elements were longitudinally sectioned and examined fo r  
weld, braze, or bonding defects. 

Two N-Reactor inner and outer 

In cooperation with Ceramics Research and Development personnel, 
fuel  loading and welding equipment was instal led i n  a hot ce l l .  
An irradiated fuel  rod was opened, new fue l  added, closed, in- 
spected and shipped t o  NKTS f o r  irradiation. 

A Zircaloy-2 FTITR process tube w a s  metallographically examined 
for  hydride content. 

Two irradiated enriched Uo;! fuel capsules were examined f o r  fuel 
location and grain appearance. 

Three fai led PRTR Vipac U@-Pu@ rods were examined and the mode 
of fa i lure  determined. 

A Pu-A1 fue l  rod sample was  examined metallographically and auto- 
radiographically f o r  plutonium distribution and cladding integri ty .  

A Uo;1 e lec t r ica l  r e s i s t i v i ty  capsule w a s  examined and the mode of 
fa i lure  determined. 

Two Zircaloy-2 clad uranium fue l  rods were mechanically declad and 
36 samples sectioned fo r  swelling studies. 

Fission product gas was collected from seven capsules or  elements, 
40 samples w e r e  dissolved f o r  burnup analysis, six samples were 
chemically declad and densit ies of 42 samples were measured. 
addition, it w a s  demonstrated that neither 1 3  M HmQ - 0.015 M 
Hg(N03)~ nor 9.5 
when used t o  dissolve out cores. 

In 

HC1 - 1.5 M HNO, attacked Z&xl.oy-2 cladd-w 

Density C e l l .  
has been modified. Henceforth, CCl4 w i l l  be used exclusively f o r  
the l iquid medium, and densit ies w i l l  be reported at the tempera- 
tures at  which they were determined. The "basket buoyancy" factor  
w i l l  be eliminated. The balance w i l l  be zeroed without a basket, 
and t a re  weights i n  a i r  and l iquid w i l l  be established f o r  each run. 

The procedure f o r  obtaining and repor t ing  densit ies 
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High Gamma Radiation Alarms. Installation and calibration of the 
s ix  high gamma, local  area radiation alarms was completed and the 
alarms are now in  operation. 

Further detai ls  and conclusions from the above radiometallurgy 
examination work w i l l  be included in reports of the sponsoring 
research and development components. 

2. Metallography Laboratories 

Extensive metallographic assistance i s  being rendered t o  I?-Reactor 
Department, i n  behalf of the heat exchanger tube investigation. 

Uranium containing 600 ppm Al and 400 ppm iron was examined by 
electron microscopy t o  determine second phase grain s ize  and dis- 
tribution as  a function of heat treatment. 
etching t h i s  material i s  first t o  polish fo r  10 seconds at 18 volts 
using a standard glycerol-phosphoric acid medium, followed by 
etching at  5 volts for  50 seconds. 

The best procedure fo r  

Other work during the month w i l l  be reported as part  of the respec- 
t i v e  research and development programs. 

3. N-Reactor Design Testing 

N-Reactor Charging Machine. The charging machine was used f o r  the 
ent i re  month i n  the conduct of Design Test 22-B. As reported last 
month, ten charges were made successfully into a process tube w i t h  
foot deformation not exceeding 0.005 inch. 
column loading was  provided by a column of fuel; in  the other half 
no column load w a s  used. It w a s  determined tha t  the column load 
imposed by a column of fue l  is about 700 pounds. 
of TOO pounds w a s  imposed by a back-loading device (a piston in the 
process tube), no significant change i n  type or severity of damage 
was encountered. 

In  half of these tests, 

When a column load 

Subsequent t e s t s  a t  higher column loads, using a piston t o  provide 
the column load, indicated that TOO pounds was about the "threshold" 
load a t  which damage occurs. This conclusion appeared independent 
of nozzle r o l l  joint  configuration. 

To evaluate the effect  of the diameter t ransi t ion between the -azine 
and process tube, several tests were run using a process tube as a 
magazine. 
ent i re  charging path except fo r  the r o l l  joint  area. Self-support 
f lattening was significantly reduced at  1500 pounds column load. 

This arrangement provided a nearly constant bore fo r  the 

This 
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4. 

5 .  

ser ies  of t e s t s  indicated that the magazine taper  w a s  a major 
contributor t o  self-support f la t ten ing .  

Additional t e s t s  are  being run  t o  determine (1) the  e f f ec t  of r o l l  
j o in t s  on self-support surface damage and (2)  the magazine con- 
figurations on self-support deformation. 

Special Plutonium Fabrications 

U@-Pu@ Fuel f o r  the FCJ!R. 
were sintered. polyvinyl alcohol w a s  subst i tuted f o r  the paraff in  
base binder previously used, thereby eliminating laminations which 
occurred i n  pressing the pe l l e t s .  
atmosphere of argon - 8$ hydrogen was in i t i a t ed .  

Approximately 4000 UOpPu@ p e l l e t s  

SiEtering i n  a nonexplosive 

B U R  Plutonium me1 Elements 

Vibrational compaction tedmiques u t i l i z i n g  a long horizontal  beam 
f o r  transmitt ing energy t o  multiple rods have been developed f o r  
loading arc  fused material t o  required dens i t ies  of 86-89s. In- 
vestigation of the e f f ec t s  of multiple rod loading is  under way. 

Arc fused, depleted U@ f o r  EBWR fue l  rods was received, and analysis  
of the material i s  i n  progress. 
U+ meets specif icat ions 

Preliminary analyses indicate the  

Delivery of Zircaloy tubing w a s  delayed. 
to three mils oversize and w i l l  require another reduction pass. 
current t e s t s  indicate subsurface cracks o r  inclusions which may 
cause reject ion of much of the tubing. 
ported previously f o r  tube reduced cladding. 
t h e  tubing may reduce the  reject ion ra te .  
sonic t e s t  r e su l t s  appear t o  conf l ic t .  
found i n  eddy current tests of the tubing after annealing but not 
before annealing. 
ground prevented the eddy current tests from pickfng up surface de- 
f ec t s  less than two mils deep. A one mil defect (the r e j e c t  l e v e l )  
i s  e a s i l y  picked up by ultrasonics! 
ul t rasonics  w i l l  pick up the subsurface defects., 

Much of the tubing was one 
Eddy 

This phenomenon has been re- 
Selective cut t ing of 

Eddy current and ultra- 
High background "noise" i s  

The reverse i s  t r u e  i n  ul t rasonic  .tests. The back- 

However, it does not appear t b a t  

For Manager 
Reactor and Fuels Laboratory 
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N-Reactor Ekpanential Experiments 

A re-measurement is under way of the control strength of semarium balls in 
the w e t  mockup exponential pi le .  
those taken in the past because the arrangement is a closer moclaup of the 
actual ball channel in N Reactor. 
in this experiment. 
by using b a l l  confining tubes inserted into the channels. 

These data should be more useful than 

The balls canpletely f i l l  the channel 
Previously the channels were d y  par t ia l ly  f i l led 

Optimization of Re-tubed Lattices 

Two horizontal traverses were performed in the  "C" exponential pile con- 
taining dry CVIN (overbore) fuel. 
experiments. 

This caupletes a l l  presently scheduled 
A final analysis on. all data is  now being canpleted. 

K-Uttice PCTR Emerlments 

Measurements are  nearly caqdeted in the PCTR t o  obtain absolute k, values 
fo r  KvlJS fue l  pieces in zirconium process tubing in the &lat t ices .  
experimental work has now been canpleted for the dry unpoisoned case US- 
a three by three c e l l  array. The dry poisoned case is now in the PClIR and 
the correct mass of cupper has been determined t o  poison the  central  c e l l  
t o  a k, of unity. 

The 

The foil data for the w e t  cases -been reduced t o  gold and copper traverse 
data. 

All measurements, including react ivi ty  measurements on all spline semples 
snd flux traverses, have been canpleted f o r  the detelminatian of spline 
worth in the  K l a t t i ce .  

The data f r a n  the react ivi ty  measurements have been analyzed and a consis- 
t en t  set of data has been determined. A rough draft of an internal report 
on the spline experiment has been written. 
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Cauputatifmd Rop;ramming Services 

LEAP an& ADDELT, tbe thermal neutroc scattering cedes from Harwell, wand,, 
have been placed i n  the FORTRAlg Library. 
codes have been published. 

Instnactiom f o r  the use of both 

ICEMls the exponential data process- code, underwent 8 number of f b d  
revisions, principally cm.eerne3 with g o d  housekeeping. 

A number of cases were prepared and m on SUMMIT t o  obtain thermal neutrm 
scatter- kernels for  graphite at several temperatures. 

Scattering Law f o r  Graphi*e 

The mcdlifications t o  SPEGW. that prduce punched. card input for program S 
have bees ccxnpleted except for final testing. 
t ransfer  croEs sectionsp the result ing c d e  w i l l  also generate first m m E n t  
scatter- cross sections. 
w i l l  now be possible OE a raechtmizec basis, 

In addition t o  producing 

Analysis of FCTR experiments studying graphite 

Inst merit at ion 

Final t e E t h g  of one production Wt gamma energy spectrameter was w i t -  
nessea a t  GE-AF’EL. 
for use is? the Reactor Fuel Ftupture Monitoring System, 
evaluation of pulse height discriminators, and high andt low voltage power 
supplies. 
Ehgineerixg, IEwI3, wae matie t o  i n s t a l l  one prototype gamma spectraaeter in 
the  ICE t e s t  f ac i l i t y .  

Twenty-four of these W t s  are being fabricated at APED 
The tests incluaed 

h a i t i o r ,  t o  th i s  work, a cooperative e f fo r t  w i t h  Research and 

Considerable progress is  being made on instrumentation for  the PRTF4 experi- 
mental N me1 Test- Loopu 
A s p e c i d  design change, which affected the f’unctfons of the flow control 
system, w a s  reviewed anii accepted. 
s c in t i l l a t i on  monitoring systems, l i n e  regulation egpipent ,  a pulse genera- 
t o r ,  esd for other t e s t  equ.iprnent. 
data recorders and orders were plaeed fo r  the relay rack cabinets and 
accessories, 
test f a c i l i t y  including tests on three specific &el elements with knam 
defects. 

The: flow controlling e q u i p n t  has been ordered. 

Specifications were prepared for two 

B i b  were reviewed for the  six major 

P l a x ~  were stssted regardine e i r ec t  u t i l i za t ion  of the loop 

Construction work was st&& i n  the sample cel l  roan. 

Review of M Reactor s tar tup i n s t m e n t a t i o n  is cantinulxq w i t h  l’?RD and 
TPD personnel. 
equipment 

Specificati- were star ted fo r  portioBs of the  required 
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System Studies 

The miltidecade M Reactor kinetics startup model w a s  checked out and used 
t o  study various aspects of the startup process. The following transient 
situatim were studied: ( a )  Cri t ical  period as a function of react ivi ty  
ramp ra te  w i t h  i n i t i a l  subcrit ical  react ivi ty  and effective neutron flight 
time as parameters; ( b )  Maximum power and period v6. react ivi ty  ramp rate 
with power setback rate,  neutron f l i gh t  time, d temperature coefficients 
as parameters; ( c )  ~sximm uncontrolled power leve l  (temperature turn- 
around) vs. reactivity remp rate,  neutron flight time, and tanperatwe 
coefficients 

The N Reactor pressurizer model w a s  debugged and made ready fo r  use. 
aration of a t e s t  run is  about 8 6  ccmplete, 

Prep- 

tt Tentative arrangements were made t o  measure the 
f'unction of the FCTR loaded with a 3 x 3 Id Reactor l a t t i c e  using reactor 
noise techniques. 
t ion  with similar tests planned f o r  the M Reactor during startup. 

zero power" t ransfer  

This t e s t  may yield data which w i l l  be useful in connec- 

The concept of measurement of the equivalent structure of a large reactor 
was tested w i t h  an analog s W a t i o n  of the I? Reactor. 
u t i l i ze s  calculated coupling coefficients for the interaction between modes. 
basurements were made at simulation locations equivalent t o  those which 
w o u l d  be accessible on a reactor t o  determine i f  the Interrelation coeffi- 
cients can be measured indirectly. However, perturbation tests run on the 
s lmla t ion  provided data which required a matrix conversion. Consequently, 
an IBM 7OgO matrix inversion program was in i t ia ted  t o  determine the  inter-  
re la t ion coefficients. 
used in  the simulation, it is concludec2 that the concept is correct and the  
digital  canputer program is working properly. 
ground for  the analysis of the data taken at the D Reactor production t e s t  
last month 

The simulation 

As results canpared favorably with the actual values 

!this test provides a back- 

SEPARATIONS 

lkperiments w i t h  Plutonium Cbcide - n a s t i c  Mixtures 

Subcritical neutron multiplication urpcriments were continued with the  
Remate Split-Table Machine using- Az+polystyrene ccmpacts 86 the fue l  
(H/h atanic r a t i o  of 15; PU concentration 1.14 g Fb/cc). The Ar%-plastic 
fuels are being used t o  mock up the resgt of densit ies of plutonium precip- 
i t a t e s  and polymers which can form. i n  separations plants. 
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These preliminary experiments are yielding useful information fo r  p l w  
purposes in connection w i t h  the proposed c r i t i c a l  experiments, which w i l l  
begin as soon as approval of the Hazards flunmary Report for the RSTM is 
received 

The i n i t i a l  neutron multiplication measurements were made with a non- 
reflected assembly consisting of a sqpare base of six 2-inch blocks on a 
side; a six by four array on the stationary table  and a six by two array 
on the movable half of the table .  
t o  within about 84s of the predicted c r i t i c a l  height of 6.26 layers (12.5 
inches 1. 
c r i t i c a l  mass is estimated t o  be 33.7 kg Ri. 

The height of the assembly w a s  increased 

F’ran the subcrit ical  neutron multiplication measurements the 

“he worths of the various control and safety rods, both poison insertion 
and fuel removal, were evaluated. A poison safety element, consisting 
of a hollow stainless  s t ee l  blade 3/8-in. thick and 1-3/4-k. i n  width 
filled w i t h  gadolinium a ide ,  was found t o  be worth only 85 cents in 
reactivity.  
thick by 1-3/4-in. wide s ta inless  s t ee l  blade in the control rod channel; 
presumably as the resul t  of decreased neutron leakage fran the otherwise 
open channel. A 60 m i l  thick cadmium blade with the  preceding width w a s  
worth only about 40 cents in reactivity.  
cmtaining six 2-in. cubes located in  the central region of the assembly 
was worth about $30.00 in reactivity.  
fuel bearing safety rods (anti-control rob) i n  the initial c r i t i c a l  
experiments. 

The react ivi ty  ameared t o  increase on insertion of a 3/16-1n* 

Emever, a single column of fuel 

Therefore, it is planned t o  use 

The change in react ivi ty  with table  separation was found t o  be nearly 
l inear  over the first 2-in. of table separation, with the change in reac- 
t i v i t y  being abaut $10.00 per an of separation; during the  last 2-in. of 
closure the table  half moves at i t s  slawest speed, 1/4 inch per minute. 

The ocperimental assembly r e s t s  6x1 a 1/16-inch thick alumlmq pla te  posi- 
tioned on a 12-inch thick low density aluminum sandwich of honeycanb 
construction. The combined worth of the plate  and sandwich w a s  determined 
by placing duplicate material on the assembly’s tup Burface, The caubha- 
t ion  w a s  found t o  be worth only about 0.07 inches in t e r n  of the c r i t i c a l  
height, indicating that this ‘is a satisfactory method of Are1 loading for  
a t ta ining an essentially unreflected assembly. 

Data are now being obtained t o  estimate the effect  of nearby b@.rogeaa;ls 
ref lectors .  The l a t t e r  information w i l l  be of use in evaluating nuclear 
safety during the loeding of the RSI’M in c r i t i c a l  experiments. 

F 
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In view of the small worth of the gadolinium and cadmium safety blades 
a Monte Carlo calcuiation was made t o  determine the neutron spectrum 
( f o r  an in f in i te  system), The calculations indicated the characteris- 
t i c  neutron kpectrum i n  the assem3ly t o  be strongly epithermal- 

There have been s m e  cases i n  which smearable contamination w a s  found 
on the Pu+-plastic cubes during hantbling? but t h i s  contarmination has 
remalned localized t o  t he i r  surfaces and has not presented a serious 
problem. 
resealing the surfdce with aluminum paint and a layer of rubber coating. 

Contaminated mbes a r e  returned t o  Metallurgy Develapment for  

Further work was done op the proposed expansion for  the plutonium C r i t i -  
cal  Mass laboratory. 
cel l ,  but rather proposes additions which are needed for .e f f ic ien t  
operation and effective u t i l i za t ion  of manpuwer i n  the current f ac i l i t y .  
The expansion w i l l  provide needed f a c i l i t i e s  f o r  decontamination o f .  
equipment, storage space for  f i s s i l e  materials additional laboratory 
space for mochp of' c r i t i c a l  assemblies and other related purposes, 
together with several offices. Design c r i t e r i a  for  the subject addi- 
t ion,  prepared by Faci l i t i es  Engineering, were reviared by Crit ical  Mass 
Physics 

The expansion does not include a seed shielded 

Buckling of Part ia l ly  Fill& Spheres 

It was found that an erroneous assumption had been made in the case 
of a bare hemisphere. Correction of this error i n  the necessary flux 
appraximation enabled ca lmla t ian  of the bucklixig t o  one part in I&. 
The one-dimensional full sphere case was  a l s o  calcillated. 
f ollm: 

Results 

Double Quadratic - Case Analytic # (Unit Radius) Flux Appraximation # 
Hemisphere 
Sphere 

20.18827 
9 .a5947 

Using an assmed convergence rafe* of e'* Np where M is  the number of 
l a t t i c e  points, an extrapolation. t o  an i n f in i t e  nuniber of points can 
be made using three runs with different meshes. This extrapolation 

* 
- in program So 

Firs t  used in extrapolating swcessive eigenvalues by B. H. Duane 
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showed only second order e f f ec t s  i n  the approximate 3, hence, a s ingle  run 
w i t h  t he  maxinum number of points w i l l  be used. 

The subroutines making corrections f o r  t he  boundsry conditions at the  t a p  
surface of a general truncated sphere w i l l  be s a n e w h a t  reworked t o  ease 
debugging. When these rmt ines ,  represent ingJ+ ~ dv dJg 

$ dV a re  

ccmpleted, the  program package w i l l  produce the  eigemalue buckling for any 
t m c a t e d  sphere, presumably w i t h  t he  same accuracy as abOrn* 

- 

Subcri t ical  Interactions 
The ref lected cubic arrays of cylinders measured c r i t i c a l  a t  Oak Ridge were 

eaalyzed. In addition t o  the  methods reported last month, the teD%.bY term 
solut ion of a dete-t has been added, t o  obtain the r e f l ec to r  contribu- 
t i ons  t o  the system in terms of the  f i s s i l e  system itself. 

A simple planar array w a s  used as base point f o r  f inding the  r e f l ec to r  
coeff ic ient  for paraff in  six inches thick.  This coeff ic ient  w a s  then used 
for three-dimensional arrays w i t h  t he  same re f lec tor .  Results of these hand 
calculations are as follms: 

System Separation Equivalent Height R a d i a l  Albedo Calculated k 

2 x 2  3 094 
2 X 2 X 2  8 e99 
3 x 3 x 3 16.53 

An informal document describing these calculat ions has been issued. 

It I s  obv2ous that accuracy ra ther  than conservatism has becane the  goal in 
present in te rac t ion  work. These re f l ec to r  calculations,  involving consider- 
able matrix algebra, a r e  nuw wri t ten  and awaiting debug. The major s w r c e  
of discontent with the  theory and approximations i s  the  treatment of neutron 
shadowing betw$en in te rac t ing  c ~ o n e n t s ,  although a f a i r l y  reasonable 
first appraximation is  now being writ ten i n t o  the  code. 

Consulting Services on Nuclesr Safety - C r i t i c a l i t y  Hazards 

1. Nuclear Safety i n  HL 

A nuclear sa fe ty  review w a s  made of the  Horizontal Dynapak Hood in t h e  
308 Building. This hood w i l l  be used t o  compress PuQ pawder i n t o  a 
high density canpound. There are hydraulic f l u i d  lines t o  t he  hood, 
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2. 

3. 

but no water l ines .  
grams of plutonium could became moderated. 
limit of 3.5 kg of plutonium was recamended. 
t o  J-5 w i l l  be issued. 

Camnents were submitted t o  the PRTR Technical P l q  Operation con- 
cerning the nuclear safety of the PRCF experhental  tank. Technical 
Planning has been concerned about the possibi l i ty  of an experimental 
assembly accidentally falling t o  the f loor  of the experimental tank. 
Consideration had been given t o  installing poison rods on the f loor  of 
the tank. 
as it f e l l  t o  the floor. It was pointed aut, however, that since sane 
of the ucperimental assemblies w i l l  be undermoderated, the "poison 
trap" approach could not be re l ied  upon t o  give lOO$ assurance against 
an excursion. 
followed, is  t o  strengthen the support structure of the experimental 
assembly so that  a fa i lure  w i l l  not occur. 

If an o i l  leak were t o  occur, no more than a few 
Consequently, the standmd 

A specification similar 

The intent w a s  t o  have the poison rods pierce the assembly 

The most reasonable apprOach, and the  one that w i l l  be 

Caarmcnts were submitted t o  Fuels Testing and Analysis, 308 EhxLlding, 
concerning the nuclear safety of depleted and natural uranium. 
long as there are no significant amounts of QO, carbon, or beryllium 
i n  the area, depleted and natural uranium are exempt frm nuclear safety 
specifications. Where there is concern mer the ref lect ion of a plu- 
tonium system by uranium, a spacing requirement between the two mater- 
ials w i l l  be given in the specification for  the plutonium. 

As 

PRTR nuclear safety specificationNo. K-1 was revised t o  include 
a )  the handling of stagnant water t e s t  elements, and b)  the  storage 
of fuel elements in  "ruptured fuel element cans". 

Nuclear Safety in. lpRD 

Revised Specification 
neering and approved for  c r i t i ca l i t y .  
the handling of 0.95$ $35 enriched mpR Are1 elements in the  chemical 
Processing Bay, 333 Building. The allowable Mupber of Are1 tubes 
processed in the solution tanks w a s  increased t o  penait more operat- 
ing f lex ib i l i ty ;  however, the limits are st i l l  within the safe l imi t s  
recamended i n  W-70500, "Nuclear Safety Specification Basis f o r  NPR 
Fuel ELement s" . 

nS 6.02, EW-47013, was reviewed f o r  NRD mi- 
This specification applies t o  

Nuclear Safetv of Off-site shiaanents 

The addition of 3.2 kg of plutonium, in the form of 250 g/S 
solution, t o  a loaded Redwood car for delivery t o  the Daw W c  
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Ccnrpany, Roc@ Flats, Colorado, w a s  reviewed and approved. 
t i on  w a s  contained i n  two steel jacketed polyethylene bottles,  5.5-in. 
O.D, by 5.O-in. I.D. x 48.5-in. long, 
in. by 24-in. by $1-1/2-in. long wooden birdcage. 
taken t o  assure that the birdcage array would be maintained and that 
plutonium solution leaks would not occur in shipment. 

The solu- 

Each bot t le  was shipped in a 24- 
Precautions were 

Instrumentation and Systems Studies 

A randam pulse dividing circui t  and an audio amplifier were developed fo r  
use in the Cri t ical  Mass Laboratory number two startup channel. The out- 
put applied t o  two conveniently located laud speakers audibly not i f ies  
laboratory personnel of flux level  and flux level changes. 

Two thermocouples were installed in the s p l i t  table  hood in order t o  detect 
polystyrene ccxpact temperature. 
center of the p i l e  and the  outer edge. 
read on a control room indicator pending ins ta l la t ion  of a recorder. 

The temperatures of interest  are at the 
'Ilhe temperatures are temporarily 

The electronic sentry unit has been separated lram the control roan te le -  
phone line and. now has its own dial l ine.  

NEUTRON CROSS SECTION PROGRAM 

Scattering Iaw Measurements for  Light Water a t  Elevated Temperatures 

Measurements of the doubly-differential scattering of monoenergetic neutrons 
fran &O at 95OC were resumed during the month following an extended reactor 
outage. 
change t o  *rove the s t a t i s t i c a l  accuracy of the resul ts .  
obtained t o  provide direct  comparisons between the scattering observed 
fran S O  at 95OC and at 2 2 O C  and t o  compare w i t h  measurements previously 
made under different experimental conditions. During the  reactor outage 
a new mechanical. linkage w a s  instal led on the t r iple-axis  spectraneter 
which now allows the measurement of neutron scattering t o  larger  scatter-  
ing angles. 

Further measurements were made for  large values of neutron-energy 
Other data were 

Analysis of the data obtained on $0 at 9 5 O C  has continued. 

Time-of-Flight Spectroscopy for  Slaw Neutrons 

Design w a s  ccPnpleted on a neutron-beam shutter for the 4-E hole at 105-KE 
for  a neutron source fo r  slow-neutron ine las t ic  scattering measurements-by 
t ime-of-flight 

Work has been started on a cmputer program t o  reduce the data output fran 
the 6ilClc-channe1, =-detector time-of-flight analyzer for  the slow-neutron 
ine las t ic  measurements 
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Measurements have now been canpleted on the time jitter f o r  fast neutrons 
f o r  all available slaw-neutron detectors of interest  t o  the time-of-flight 
measurements. 
slow neutrcms f o r  the BF3 detectors using a time-delayed-coincidence meas- 
urement between the slow-neutron event and the resultant Li7 de-excitation 
gamma ray. 

Measurements have a l so  been made of the time j i t t e r  f o r  

Construction of the 6144-channel time-of-flight analyzer w a s  conrpleted, 
and most of the system's checkouts were canpleted. 
t o  a l l o w  the analyzer t o  autcanatically execute accumulative storage in each 
channel of a particular subgroup. 
during an avernight evaluation test .  

A test mode was added 

The instrument performed sa t i s fac tor i ly  

Fast-Neutron Cross Sections 

Data were obtained on the to t a l  cross section fo r  neutrons of 3 t o  15 MeV 
energy for  22 elements during a two-week run on the Van de G r a a f f .  
or  no significan measurements previ 
Ce, Yb, and Pb2de The sample of Pb= (> 8996) is  a smple of radiogenic 
lead obtained on loan frm LASL during the month. For six of the  elements, 
Be, Si, Ge, Sb, Hg, and T l  there are sane data in the l i t e ra ture ,  but these 
were the first Hanford measurements for  these elements. The data on Si 
indicate tha t  there are about I 2  pronounced resonances in the energy region 
frm 2.5 t o  8 Mevwhereas previous measurements have sham only about six 
resonances i n  this region. Measurements were made fo r  the  second time in 
the  Hanford program on the elements Li, Na, K, Cu, In, La, Pr, Nd, Sm, Gd, 
Dy, Ta, Snd Au. A t  l ea s t  same of the data obtained during these measure- 
ments are l ike ly  t o  be unacceptable i n  quality due t o  f a i lu re  of the  air- 
conditioning eqyLpment i n  the 3745-B Euilding. 
nated ear l ie r  than scheduled because of fa i lure  of the ion source of the 
Vaa de Graaff. Reduction of the data obtained in these measurements is in 
progress e 

L i t t l e  
l y  existed for three of these samples: 

The measurements were termi- 

REACTOR DEVELOPMENT - 04 PROGRAM 

Hi& osure &-A1 Lattice Studies 

The plutonium and U-235 f o i l  data fram the  measurements i n  the  PCIIR, using 
lg-rod clusters of 20.6s Ar-240 material in aluminum on 6-1/2, 8-3/8 and 
10-1/2 inch pitch have been processed using cauputer program APDAC. 

From the detailed copper f o i l  traverses of the copper poison, the average 
ac t iv i ty  in the poison has been calculated for the 8-3/8 and 6-1/2 inch 
l a t t i ce s .  

1 
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Low m o s u r e  PuhtJh Fuel Elements 

Work on the fabrication of these fue l  elements w a s  begun by the  Elutonim 
hels Operation i n  mid-April 1963. Thus far, about one-half of the 
pe l le t s  have been sintered. The projected date fo r  c a p l e t i o n  of pellet- 
izing and sintering is August 15, 1963. 

Flutonium Recycle C r i t i c a l  Facil i ty 

The startup measurements continues this month. 
calibration w a s  carpleted. 
increments and control rod #2 was calibrated every one-half inch. 
rods exhibited the characterist ic 'Is-shaped'' worth curve found for  PCTR- 
type, shutter control rods. 
f o r  control roiis I, 2, and 3, respectively. 

A detailed control rod 

The 
Each control rod w a s  calibrated in one-inch 

The tatd  worth^ were 2.08, 1.86, and 1.86 mk 

The kinetics experiment t o  measure the r a t i o  of the prcmpt neutron l i f e -  
time t o  the delayed neutron fraction (S/p) by the rapid insertion of cad- 
mium has been cmpleted. The data frun 
the first experiment have been par t ia l ly  analyzed. Frm this preliminary 
analysis, a value of l / B  of 0.0631 w a s  obtained. 

Four experiments were performed. 

A motor of low i ne r t i a  has been ordered t o  osc i l la te  a Smau section of 
fue l  rod frun the center of the PRCF t o  a position outside of the reactive 
part  of the core. A special c luster  is being fabricated t o  make reacti- 
v i ty  measurements ( s t a t i c  and m c )  of small fue l  sanples in the PRCF 
inside the cluster. The special cluster is designed so that Pu-Al, U@, 
or PuOpU@ f i e l  rods can be used fo r  the cluster.  

W e e  design drawings for  the modification of the PRCF for +O moderator 
have been reviewed and apprwed. 
Modifications, the Neutron Source Positioner and the  Instrumentation Flux 
Monitor Chambers. 

These are  drawings of the Reactor Vessel 

Theoretical Scattering Laws fo r  Water 

Coding of the Egelstaff analysis f o r  the exact treatment of at least two 
Gaussian levels  is nearly canplete. 
effect  of water molecule diffusion on neutron scattering has been Incluaed. 

In addition, the treatment of the 

Phoenix Studies 

Investigations of control rod effectiveness in a &-reactor environment 
reported during the last report period have been extended t o  include Hf' 
rods of various thickness. As before, the so-called Mark I geametry 
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( Z r - 2 / ~ 0  r a t i c  = lJ 70 kg PLb loading i n  500 l i t e r  core)  w a s  used. 
ccaqpositions were again varieB frm 5 a/o Ar-240 up t o  -30 a/o Pu-240. 

Ar 

The re su l t s  of the calculations indicate similar trends f o r  t he  Hf rods 
as f o r  t he  previuusly investigated l / v  absorbers 

The evaluation of temperature coeff ic ients  fo r  a typ ica l  Phoenix-fueled 
core i s  continuing. 
have now been calculated w e r  the  range of 68 P t o  600 F. The tempera- 
ture coeff ic ients  become strongly negative as the  temperature increases. 
An important contributor t o  this trend is the  neutron leakage e f f ec t  which 
increases with increasing temperature 

For the 70 kg, Mark-I core, temperature coeff ic ients  

Propose3 Fast Spectrum 11, ??u Eqeriments 

A f e a s i b i l i t y  study  of carrying out r eac t iv i ty  coeff ic ient  measurement of 

le ted .  
Az samples i n  a su i tab le  f a s t  s p e c t m  c r i t i c a l  f a c i l i t y  has been ccmp- 

It is prw3sed t o  can R2% samples i n  Al cylinders and t o  i n s e r t  these 
samples i n t o  various locations of the  fast c r i t i c a l  f a c i l i t y .  
samples ssd. empty JJ cylinders would a lso be measured f o r  reference pur- 
poses. Al cylinders of 6" length and O.D. of J 5 O  would be used. Such 
cylinders w i l l  contain about 9-10 gms of Ri.  It has been estimated that 
about 100 gms fi per t e s t  sample wuuld be necessary for a measurement. 
Consequently, for f i v e  test samples, 50-55 tes t  capsules w i l l  be needed 
f o r  the eqeriment.  

U-235 

In order t o  obtain a rough idea of the  expected worth, S-XI calculat ions 
f o r  the fast spectrum c r i t i c a l  test f a c i l i t y  were carr ied 
averaged d.anger Coefficients of U-235 and the Pu isotopes 
be : 

aut.  The core 
were found t o  

Rl-239 

gu-241 
R2-242 
u-23 5 

fi-240 
2.12 x 10-5 

1.03 x 10-5 
1.03 x 10-6 

These calculated r eac t iv i ty  differences are  judged t o  be adequate for the  
performance of a rnemhgf'ul experiment 
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Fuel Re-Use 

In  preparation for  a possible in-reactor experiment, the work reported in 
HW-74549, "Progress Report on Fuel Re-Use," is being extended. 
detailed examination of the fast reactor blanket burnup is under way. 
The single-region cylindrical blanket has been replaced, f o r  pw"poses of 
calculation, by a four-region canbination which has radii of 44.81, 49.89, 
57.51, 70.21, and 95.61 cm. 
ferent flux levels and, therefore, isotopic transmutation takes place at 
different rates.  
fast blanket and between the fast and thermal reactor, this spatial varia- 
t i on  of the isotopic concentrations wrst be known. 

A more 

!be radial blanket regions are exposed t o  dif- 

In order t o  optfmize the Are1 shuffling both w i t h i n  the 

An additional problem with the fuel re-use concept i s  the  exial pater peak- 
i n g  in the thermal reactor due t o  the nm-uniform p l u t o n i u  enrichment 
fran the fast blanket. 
element placed i n  the PRTR would have a peak-to-average power r a t i o  of 
2.31, while a uniformly enriched rod would have a r a t i o  of about 1.55. 
the blanket element is cut in the  center and both halves flipped, the 
peak-to-average power r a t i o  returns t o  about 1.61. 
in the axial  power distributions were observed when the half rods were 
t reated using f ive regians. 

Preliminary calculations show that a Fermi bl-t 

If 

Gross discontinuities 

More refined calculations are  under way.  

Code Development 

CAiX - 
The KONTROL code which provides over-all control for  the CALX System ap-- 
pears t o  be working. 
has been written, A series of cases which t e s t s  the  various available 
options is being run f o r  reference and debug purposes. The auxilisry 
routines COMPUPE and LIUE which prepare and position the carnposite 
l ib rary  tape are being rewritten t o  reduce significant tape manipulation 
in the standard operating sequence, ad thereby t o  effect  a significant 
saving in machine time. 

A rough draft write-up of camments on the  CALX sys'tem 

The calculation of base cross sections in the resonance region f o r  those 
isotopes with resonance parameter tables in the RBU Basic Library has 
been successftdly incorporated in BARI?SH. 
culation in BARNS-H was a lso f&. 
sa t i s fac tor i ly  the 68-group cross sections for  isutopes. 

The error  i n  the resonance cal- 
The code nuw apparently calculates 

As usual, one more last major change w a s  required before pract ical  use of 
BARNS-H was possible. This change w a s  needed t o  permit the resu l t s  of 
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isotope calculations t o  be canbined in to  cross sections for  an element, 
prior t o  preparing a new HRC data tape. 
have been inc lded .  The BARNS-H code t o  prepare an ERG data tape now con- 
sists of two chain l inks.  The first, a specialized version of BARNS, pro- 
vides resonance region and group-averaged cross section &&a f o r  isatopes 
frm the RBU Basic Library. The second, NUTAPE, provides an updated HRG 
data tape by adding t o  or c-ing nuclide data on the previous tape, 
using data either fran BARMS or rea6 in directly.  
the nuclide data for an element by cmbining the proper isotopic data 
from BARNS. 

Several additional desirable changes 

NUTAPE also prepares 

Both li- of the BARNS-H chain are being debugged. 

GROUSS 

Correlation of calculations done by the !CHEMOS co&e with calculations of 
programs 12 (9)) S-4, and S-X (S4 ) has been done for the case of a Pu-A1 
rod, zirconium-clad, i n  a water moderated ce l l .  The purpose of the correla- 
t i on  study w a s  t o  determine the val idi ty  of monoenergetic calculations of 
epithermal resonance flux depression factors using various recipes of q, 
C,, and the source terms as canpared t o  the &ti-energy group calculations 
of !C€EMOS. The monoenergetic calculations using a given recipe could then 
be used in GROUSS t o  predict flux depression factors, particularly for  the 
Pu-2kO resonance. "he study showed that the use of" code $4 with the 
recipe of CaGa, ~ ~ 1 9 ~ ~ ~  and s = 5 C, ( in f in i t e  mass appraximation) in the 
fuel and c l u ,  and c,=o, a sas (i .e. ,  scattering t reated as 
removal) in the moderator, gave good agreement, t o  within one percent, 
w i t h  TIIERMOS for  the case considered. 

Plans t o  dis t r ibute  off-site,  a custauer-oriented package consisting of the 
RBU Basic CPOSS Section Library, and supporting l ib rary  processor programs 
and documentation, have been fonrmlated. 
satisfactory processor t o  produce usable data tram the l ib rs ry  and plans 
for i t s  construction are under way; the remaining portion of the package 
is v i r tua l ly  ccmpleted. 

A t  present, the package lacks a 

Increased effor t  is a l s o  being applied t o  ccmplete the final system docu- 
mentation for  distribution l a t e  this year. 

The l i m i t  of &(E,), the average cosine of the scattering angle f o r  neutrons 
of i n i t i a l  energy Eo, as Eo+O has been taken and the results appear much 
as expected. U s e  w i l l  be made of the -ion in deriving values fo r  the 
two-mass appraximation t o  the scattering law f o r  bound scatterers,  during 
thermalization 
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ALTHAEA, A One-Dimensional Two-Grmp Survey Burnup Code 

An informal report, MJ-77023 RD2 by E. T. Memill and R. L. Watts, is  well 
under way. 
t ional  methcds as well as the operation of the code. 
checking out the code, a burnup analysis has been made on the  Mu( fuel 
element using the data from (CRC%l€@5) with excellent. resul ts .  
Section Library used is  based on the cross sections recamended by B. R .  
Leonard, Jr. ( ~ w - 6 9 3 k ) ,  and R. C. Liib.ala !HW-77389). The the& flux 
depression factors were computed by the  P-3 method using the DIOT code. 
The resonance shielding index w a s  calculated by the B e l l  formula with the 
other resonance shielding a.nd shadowing parameters cmputed by GAM-1 and 
SPECTRE codes. 
t he i r  effect  on the results appear t o  be small. 

This report w i l l  describe the pwsics  model ana the computa- 
In the process of 

The Cross- 

Although the input parameters do contain some uncertainties, 

EBWR Program - Expe riment Theory Correlation 

A calculation of the c r i t i c a l  loadings t o  be expected in the PRCF experiments 
using the EBWR fuel has been made together with sane perturbation effects .  
The success of the calculation. is  yet t o  be determined, but confidence In 
the resul ts  is very much enhanced by the simultaneous calculation (us* 
the  same cross sections and methods) of two ser ies  of c r i t i c a l  aqeriments 
w i t h  very good resul ts .  
moderator and involved, in one case, 2.7546 enriched uranium oxide, in stain- 
less steel clad (Yankee parer reactor c r i t i c a l  experiments) and, in the 
second case, 1.829 pIutonium-ahminum alloy rods i n  ~ r c a l a y - 2  clad. 
all  cases the calculated eigemalues were the multiplication constants, and 
a l l  were within 1.54 of the correct value of k = 1.0. The methods used 
involved the use of the GAM-lp THERMOS, and TEMPEST codes for preparing 
input fo r  the HFN multi-group diffusion code frun which the eigenvalues 
were obtained. 
were inferred f r o m  the c r i t i c a l  experiment calculations. 
of the  method and the exploration of various perturbations and possible 
errors  continue. 

All calculations were concerned with light water 

In 

Corrections t o  the projected c r i t i c a l  loadings of the PRCF 
Work an the  proof 

Mass Spectrometry 

Isotopic analyses in support of plutonium Recycle Program studies were con- 
tinued. 
PRTR fuel elements; 4 samples fran element No. 5051., 23 samples from element 
No. 5095, Snd 24 samples fran element No. 5@2. These analyses canplete the 
scheduled isotopic analyses for these three fuel  elements. 

All of the analyses were fran macrodrill samples of A l - N i - P u  

In a meeting w i t h  PRm perslpnnel i n  preparation of the automatic controller 
activation tests it w a s  recamended that a simulation study be made incoxpor- 
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ating the  controller and moderator l eve l  systems p r io r  t o  closing the  
reactor autanatic control loop. This w i l l  provide training f o r  operations 
personnel and w i l l  allow di rec t  measurement of the  dynamic charac te r i s t ics  
of the complete system except the reactor k ine t ics  which a re  believed t o  
be straightforward 

An analog simulation programws prepared f o r  a one mode simulation of t he  
Plutonium Recycle C r i t i c a l  Fac i l i ty  using plutonium and/or uranium f u e l  
and with six delayed neutron groups. 
f o r  scram t e s t s  and temperature feedback. 

The simulation includes provisions 

Purchase orders were placed for  the  s c i n t i l l a t i o n  detectors  and isolat ion 
transformers for  t he  PRTR Underwater Gamma Scanner fo r  fuel rod and a c t i -  
vated wire measurements. 

The m o d i f i e d  prototype and three final model ganmra monitor instruments 
were ccmpleted for  the PFCDI Liquid Effluent Monitoring System. 
ments have been calibrated and i n s t a l l ed  at PRn. 
will be used as a spare. 
prepare the  required operation manual. 

The required l i n e  f i l t e r s  were received. 

The instru- 
The modified prototype 

Work was  started to update the  blueprints and t o  

HIGH TEMP- REACTOR LATTICE PHYSICS PROGRAM 

The design c r i t e r i a  document fo r  the  ETLTR (EW-76928) has been approved by 
t he  Richland Operations Of'fice and design work by the Architect Eugineer 
has been started. 

A formal report  (HW-77732) describing the EL'LTR has been writ ten.  
based on scope design information and w i l l  be used by the  AM: t o  acquaint 
po ten t ia l  users of the reactor  w i t h  i t s  cspabi l i t i es .  

It is 

Hastelloy-X is  at present being considered both as a cladding f o r  the  
H!LZCR dr iver  fuel ,  and as piping material for par t  of t he  reactor  gas flow 
system. 
of Eastelloy-X may, t o  a greater  extent than expected, form n i t r ides  when 
in a pure nitrogen atmosphere at 1OOOOC. M h e r  quant i ta t ive information 
on the  r a t e  of this reaction may soon be availa;ble fran t h e  Reactor and 
Fuels Laboratory where weight increases of semples of refractory materials 
are  currently being measured as a function of time in various atmospheres 
at temperatures up t o  U O O ~ C .  -ti& high temperature tests in nitro- 
gen w i l l  be required in order t o  m e w e  the  corrosion of Hastelloy-X, 
and a l te rna t ive  cladding materials,  while in contact w i t h  graphite. 
it be indicated that Hastelloy-X or  scxue other metal i s  not sui table ,  
a l te rna t ive  methods suggested a re  t o  use a graphite cladding fo r  the Uo;! 
fue l ,  or an unclad graphite matrix fuel. 

Information from recent s tudies  indicates  that sane canponents 

Should 
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In order t o  obtain sane quantitative information on the nuclear properties 
of the E!L'LTR fuel  elements sane measurements w i t h  a few of the fue l  elements 
inserted in the FCTR w e  being planned. The fue l  temperature coefficient 
of react ivi ty  w i l l  be measured, and possibly also the  extent t o  which the 
moderator temperature coefficient can be influenced by gadolinium mixed 
in  w i t h  the fuel.  

NEUTRON FLUX MONITORS 

Following evaluation of the neutron parameters r, T, and 9, an snalysis 
w a s  s tar ted t o  derive the relationship between r and the relat ive ac t iv i ty  
of bare and cadmium-covered cobalt samples t o  insure val idi ty  of the West- 
cot t  equation for the present experimental t e s t  i r radiat ion conditions. 

Regenerating (Phoenix) detectors were fabricated containing 2 8 . 4  Pu-239 
and 71.6$ Pu-240. 
optimal canposition determined from ccPnputer calculations. 
were charged into the reactor test f a c i l i t y  and are  now being irradiated. 
Another computer calculation w i l l  be made t o  determine the anticipated 
behavior of the samples. 
after incremental exposures and performing mass spectrographic analysis 
of the f i ss ion  products. 

This canposition was  within about one percent of the 
The samples 

Arrangements were made fo r  discharging samples 

Three Boron-ll beta current neutron flux detectors, fabricated o f f s i t e  t o  
HAP0 specifications, were received. Prellminmy checks inillcate thst 
fabrication w a s  satisfactory and a request was prepared fo r  establishment 
of a special water-cooled test f a c i l i t y  in a HAP0 production reactor. 
Design w a s  s tar ted on the necessary shield plug and a production t e s t  
for  i r radiat ion of the units was prepared. Nhi f ica t ion  of patent appli- 
cation w a s  received for the Boron-U. beta current methd of in-core neutron 
f l u x  measurement. 

Testing configuration studies were continued for the microwave neutron flux 
monitor. 
to ry  mockup of one sample system. Reactor f a c i l i t i e s  were reviewed and 
the necessary instrumentation requirements were established. In essence, 
plans were established t o  inser t  three waveguide loops i n to  the  reactor 
test f ac i l i t y .  One loop w i l l  contain a section fi l led with test gas, and 
a second w i l l  contain no gas. 
A number of par ts  f o r  the loops were ordered. Calculations indicate that 
the  t e s t  specimen portion should be about one meter long in order t o  pro- 
vide 0.5 db attenuation. 

Equipnent has been obtained which pezmits a full-scale labora- 

The third loop w i l l  be used as a spare. 
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NOMLESITRUCTIVE TESTING RESEARCH 

ELectranagn e t i c  Testing 

Evaluation of the multiparameter eddy current t e s t e r  is  proceeding. 
t ional  tests were performed wi th  a single frequency. 
t e s t s  indicate it may be possible t o  separate three parameters when two 
of these parameters are changing sim'dLtaneously. 
separation i s  not consistent with the theory in  i t s  present stage of devel- 
opment. 

A study has been unaertaken t o  determine ways of obtaining amplification 
of sonic signals. 
amplifier has been suggested. 
and amplification resul ts  i f  the electron speed of diffusion is  slightly 
greater than the speed of sound through the substance. 
amplification of sonic waves is  being investigated t o  determine i ts  feasi- 
bi l i ty .  

Mi- 
The results of these 

Hawwer, this apparent 

Additional evaluation is being performed. 

A l ibrary search revealed a traveling wave type of 
In t h i s  method, a semiconductor is used 

Also the  parametric 

The mechanical framework par ts  of the polar type eddy current null plo t te r  
are being fabricated. 
economical potentiometer fo r  the phase shift circui t .  
a method of mechanically producing the required phase shift function fran 
a system of l inear  potentiometers and a cam action. 

Sane difficulty has-been encountered in obtaining an 
Study is  being given 

Heat Transfer Testinq 

Signals fran the  heat t ransfer  t e s t  have been sent through telephone l ines  
between 314 Building and the 3707-C Building analog canputer f ac i l i t y .  An 
improved radianeter calibrator was  placed in operation on the  equipnent. 
Contact w i t h  the plasma a r c  Je t  W a c t u r e r  reveals that its heat output 
should be constant when the gas flow, supply voltage, etc., are held 
constant. 

The averege level  of the 2 kc heat transfer t e s t  signal transmitted over 
the  telephone l i n e  t o  the analog computer laboratory is about 0.1 VRMS, 
and the  average amplitude of the returning signal is  res t r ic ted  t o  about 
.014 VRMS at present t o  avoid overloading the smplifiers. 
VRMS noise i s  contributed by the telephone l ines .  

Less than .0003 

An improved radianeter calibrator consisting of a heated copper cylinder 
has been placed i n  operation. 
at any time without removing the t e s t  sample fran the lathe. 

This allows calibration of the radiuneters 

small variations in heat input t o  t e s t  pieces fram the plasma arc  jet  beccune 
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UIVCLASSIFIED s i 8  HW-78052 

important when attempting t o  detect small over-all differences in surface 
t o  inter ior  heat conductance. Variations h gas flow and e lec t r ica l  parer 
input t o  the plasma head were not detected during initial measurements. 
Correspondence with the manufacturer indicated the need f o r  more refined 
measurement of the operating parameters. 
measurement of gas pressure has been Dbtained. 

Equipnent fo r  high accuracy 

zircaloy-2 ide Detection 

Laboratory check-out of the eddy current hydride detector has revealed the 
need fo r  improved sensit ivity.  Fabrication of an experimental temperature 
compensate3 probe is  nearly ccanplete. 
f i ed  for  use as a scanning device for  the tes t ing  of sections of Wrcaloy 
process tubes. 
controlled osci l la tor  were incorporated i~ the initial Instruments, drift 
due t o  changes in  circui t  ccnrponents has been troublesome. 
used conrplex plane si- presentation,, and the other used a center of 
curvature reference voltage method t o  obtain probe motion canpensation. 
The most troublesane ccmponents i n  the center of currrature method have been 
the bridge voltage detector and the  high frequency bridge supply voltage. 
A t t e m p t s  are being made t o  achieve improved instrument s t a b i l i t y  by employ- 
ing signal camparison techniques. 
special c i rcui t ry  t o  reduce the effects  of changing vacuum tube characteris- 
t i c s ;  another method employs a chopper t o  switch the signal in such a way 
that the output signal may be canspared w i t h  a reference voltage generated 
by the  bridge input circuitry.  

A metal-working la the is being modi- 

Although highly regulated puwer supplies and a crystal  

One instrument 

One technique under evaluation uses 

Fundamental Ultrasonic Studies 

Boundary waves generated at kerosene-glycerine Interfaces were experimentally 
examined i n  de t a i l .  
signal were observed as the receiverprobe w a s  traversed in the  direction Of 
wave propagation. 
w a s  approximately ten wavelengths. 
ascertain because the received s u s  became progressively more dis tor ted 
as the probe was moved along the  boundary. The cause of this dlst&ion 1s 
not known, but it may be pa r t i a l ly  due t o  the presence of the strong atten- 
uation in the  glycerine. 
incident waves having curved wave fronts.  
tu re  i n  the boundary wave w a s  observed as the receiver probe w a s  moved per- 
pendicular t o  the interface. 
should have plane wave fronts providiag the incident waves are plane and 
constant amplituae. Efforts t o  obtain more uniform incident waves have, 
therefore, been renewed. 

Periodic increases and decreases in t he  baundary wave 

The distance between. subsequent maximum signal points 
This distance w a s  d i f f i c u l t  t o  accurately 

Another contributing factor may be the result Of 
Also, extreme wave front  CUFva- 

The theory predicts that the boundary waves 
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The production of uniform plane waves by fi l tering ultrasonic waves with 
th in  plates has been investigated. Waves transmitted by th in  glass plates 
were observed t o  be very plane but had d e s i r a b l y  large exponential ampli- 
tude losses along the fronts. 
since there is a uniform loss  of energy as the waves t rave l  within the plate.  
However, it was hoped that over a limited wavefront portion, the wave ampli- 
tude would be essentially cowtant since glass has very law ultrasonic 
attenuation. 

This exponential behavior is  t o  be expected 

Another method for obtaining plane waves of constant amplituae was considered. 
The waves in  the Fraunhofer region of an ideal f l a t  piston driver have 
spherical fronts.  
be possible t o  obtain plane waves of f a i r l y  constant amplitude from flat  
circular transducers which are good 5ppraximations t o  piston drivers. 
the Fraunhofer zone i s  dependent upon transducer diameter, it w a s  necessary 
t o  use very small transdccers. 
t o  further cmpress the zone w a s  attempted but uniform-litude spherical 
waves i n  the Fra-mhofer zone were not experimentally observed. 
c a l  waves from a, 3/22" dimeter,  flat transducer appeared, from in i t i a l  
observations, t o  be well formed and the extent t o  which they can be made 
plene w i l l  depend on the collimatixg lens. Additional measurements of wave 
curvature uniformity are being undertaken and a liquid lens having variable 
focal lengths is  being fabricated. 

By suitable collimatiord with an acoustic lens, it should 

Since 

The use of spherically focused transducers 

The spheri- 

As mentioned l a s t  m a t h ,  the numerical solution of the frequency equation 
for Lanab waves in a 12ollm cylinder w i l l  require that an adaitional term in 
the approximaticm be found. 
expansion w i l l  be neeled. 
evolved, which w i l l  be much easier t o  .apply than that used before. 
terms have not yet been calculated. 

For this additional term in the Bessel function 
A new procedure f o r  detexmining t h i s  has been 

The new 

USAEC-AECL COOPERATIVE PROGRAM 

Nondestructive Testing of Sheath Tubiw 

Evaluation of 3/16 inch diameter spherically focused crystals for  inspection 
of 17 m i l  w a l l  tubing is ccanplete. Bas& upon t h e i r  superior performance, 
these t r a d u c e r s  have been chosen for  use i n  the tubing inspection s ta t ion  
now under development. A further transducer refinement is being dweloped, 
however, which generates dual ultrasonic beams-one of which is used f o r  
defect detection purposes, esd the other t o  provide an accurate time refer- 
ence signal f o r  operation of an electronic gate. 
work the transducer design w i l l  be made f i rm.  

@on completion of this 

Extensive studies have been made t o  evaluate the effect  of w a l l  thickness 
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variat ions u p o ~  t e s t  performance. 
a re  detect& without appreciable changes i n  defect s ignal  amplitude f o r  w a l l  
thickness var ia t ions as  much as 25 percent of the  ncminal 0.017 inches. 
These experiments provided other u s e m  informatioar i n  that they further 
confimeci the correctness of the  conventional zig-zag mode of wave propa- 
gation fo r  these experimental conditions e 

In summary, the da ta  indicate  that defects  

A t t e m p t s  are being made t o  provide a method of fabr ica t ing  ca l ibra t ion  
notches that axe cheaper t b  the  electro-machidng process. 
have been fousd unsatisfactory because t h e i r  echo sigXXd-s are  much la rger  
i n  arnplituck tu signals obtained from stardare one mill electro-machined 
notches, 
para l le l  t o  the tube lon@tudinal axis may p rwide  a goO(i working calibra- 
t i o n  sttanZar&. In this cases hmeverp the  tube i e  positioned t o  allow sbc 
in te rna l  echo ref lect ions in order t o  allow the signal to at tenuate  t o  the  
point where i t s  amplituce i s  approximately equal t o  that obtained f r an  a one 
m i l l  standard notch. 

Drilled holes 

It i E  possible that a simple s l i t  cut i n to  the tube i n  a d i rec t ion  

Continuing attempts are being made t o  devise a reproducible method of 
measuring and evaluating transducer operating charac te r i s t ics  pr ior  t o  their 
use in ul t rasonic  inspection equipment. Routine procedures have been devel- 
oped fo r  measurement of ul t rasonic  radis;ted f i e l d  strexgth,  frequency, band- 
width mci damping fac tor ,  
NRD fuel impect ion e f fo r t s ,  as well as our own tubing inspection progrem. 

These techniques have been of value t o  IPD and 

Electronic portions of the prototype tubing inspection s t a t i o n  is  apprcnci- 
mately ninety percent ccmplete. mphasis i s  now being given the design of 
the mechanical system, 

BIOLOGY ASD MEDICINE - 06 PRCGRAM 

Atmospheric Physics 

Data from 363 d i f m i o n  experiments f r an  major exper-nta programs were 
compared dur ing the  month. 
(70 t e s t s ,  sulfur dioxide t r a c e r ) ;  Arco, I W O  ( 3  t e s t s ,  iodine);  Dugway, 
Utah (9 tests, iodine);  Cape Canaveral, n o r i b -  (76 tests, fluorescent 
p i w n t  ); Vandenberg Air Force Base, California (109 tests, fluorescent 
pigment); and Hanford (66 tests9 fluorescent pigment). General agreement 
between the t e s t i n g  s i t e s  with t h e i r  respective t rhce r s  w a s  found by con- 
sidering diff'usion t o  be time-dependent, ra ther  than distance-dependent. 
The v a r i a b i l i t y  in the dosage measurements was reduced s ign i f i can t ly  by 
accounting f o r  the meteorological v a r i a b i l i t y  of the  atmospheric s t a b i l i t y  
(temperature p r o f i l e )  and turbulent wind propert ies .  The primary signifi- 
cance of this del ineat ion is that many of the  major differences which hither- 

These data  were collected at OgNeill,  Nebraska 
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t o  have been unresolved do achieve some degree of order when the above 
meteorological parameters are considered. 
-her specific meteorological support data obtained during the experi- 
mental program i n  order t o  pursue the development of an empirical predic- 
t ion  scheme similar t o  that which w a s  recently completed for the W o r d  
data a 

Three field t e s t s  were conducted during the month. One t e s t  was conducted 
&ring unstable d a y t b e  temperature gradients with the source height at 61 
meters t o  sirmrlate a stack discharge. 
centric arcs about the meteorology tower t o  a distance of 1600 meters. 
t e s t s  were conducted during early morning stable conditions using a source 
height of 6.7 meters with air samples collected on both the horizontal and 
ver t ical  sampling grids t o  a distance of 3200 meters. 
tinued t o  work sat isfactor i ly .  

Work is continuing t o  obtain 

Air semples were collected on con- 
Two 

All equipment con- 

Preliminary analysis of ear l ie r  data frm elevated source experiments has 
sham a systematic lack of agreement with existing diffusion models. As 
found in the ground source data, the resul ts  are best organized as functions 
of time rather than distance making the plume width vividly dependent on 
the intensity of the cross-wind turbulence. The maximum exposure normalized 
t o  unit  source strength and w i n d  speed axd the  cross-wind integrated expos- 
ure show a systematic decrease as the Richardson Number becanes more nega- 
t i ve  and as the t ravel  time t o  maximum ground level  exposure increases. 
These resul ts  are contrary t o  theory and re f lec t  a lack of understanding 
of sane very fundamental aspects of turbulent diffusion. 

The Hanford Atmospheric Physics program was reviewed with representatives 
of the Division of Biology and Medicine on June 19 and 20, 1963. Current 
work w a s  summarized and future plans explored in detail. 

Iodine Release Ekperiment 

Final de ta i l s  of plans for an iodine release experiment are being canpleted. 
It is expected that the experiment w i l l  take place durlng,the l a t t e r  part  
of July. This experiment is a cooperative e f for t  involving participation 
by personnel from Atmospheric Poysics, Chemical Effluents Technology, Radio- 
logical chemistry, Biology and the Radiation Protection Operation. The 
iodine (about 0.1 curies)will be released on the experimental atmospheric 
grid during moderately stable atmospheric conditions. In addition t o  the 
samplemnecessary for measurement of air concentrations and effluent char- 
ac te r i s t ics  the plans include special vegetation plots  t o  investigate i n  
de t a i l  the factors controlling deposition and subsequent retention by vege- 
ta t ion  of various types. 
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Preparations for  the f i e l d  release of radioiodine progressed with the cam- 
le t ion  of the micro-plots at 200 meters distance fran the source. 
end the rye grain was appraximately three inches i n  height and the  pasture 
grass w a s  sharing. Design of the portioned air samplers was CCXnpleted and 
procurement ini t ia ted.  

Analysis of the a i r  and grass samples obtained by Hanford personnel during 
the radioiodine release earperiment at the National Reactor Testing Station 
provided valuable design information for  the W o r d  release experiments. 
Both the a i r  concentrations and deposition values found were consistent 
with predictiom made from Hanford di f f i s ion  data. I n  the grass semples, 
appraximately f i f t y  percent of the t o t a l  iodine deposition was found i n  
the upper thirrS. of the grass plant.  

A t  month 

Dosimetry 

Preparations were completed and the f i e l d  party left f o r  t h i s  summer's whole 
bcdy counting study i n  Alaska. 

The sunrey-by-u-i,nalysis program conducted. t h i s  past winter and spring w a s  
cmpleted. 
l a s t  month a 

The f ina l  resul ts  were essentially the same as those reported 

In  cooperation with Swedish Hospital some new Cs-137 calibration studies 
were made of the shadow shield whole body counter. We now have data for  
people with weight-height ra t ios  i n  the range 0.9 t o  2.9 lb/in.  

The first of four units of a plutonium X - r a y  counter w a s  put together. 
Anticipated electronic problems did not materialize. 
counter w i l l  be delayed until fall  because of postponed deliveries of 
material 

Completion of the 

A new ion source and a new accelerator tube were put in to  the posit ive 
ion Van de Graaff. 
ing the month. 
f i t t i n g  the helium ion source i n t o  it. 

Otherwise, the accelerator operated sa t i s fac tor i ly  dur- 
While the accelerator w a s  shut dam, plans were made fo r  

A study was began of a spherical moderator-lithium iodide sc in t i l l a t i on  
counter system that  has been used at other laboratories t o  measure low- 
energy f a s t  neutron dose rates .  The system- was wed t o  make sane measure- 
ments at PRTR, So f a r  we have not been able t o  confirm the calibration 
of the system. 

Mew methods of temperature measurement are being irrvestigated fo r  applica- 
t i on  in increasing the sensi t ivi ty  of radiation calorimetry. The methods 
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are based on pyroelectric, capacitance chaslge, and volume change phenanena. 

Instrumentat ion 

A satisfactory method of molding Teflon conducting center rods for  use i n  
the recharging personnel dose meter has been develaped. 
t i ona l  de ta i l s  for the complete dose meter are being prepared t o  permit 
of fs i te  fabrication of a number of the units. 
revision of the center rod charging device and establishment of a more satis- 
factory capacitor charging mechanism. 
instrument l e s s  sensitive t o  mechanical shock. 

Specific construc- 

Problems remaining include 

Attempts are being made t o  make the 

A number of discussions were held with Biology Laboratory personnel regard- 
ing specific problem areas. The reviewed problems included measurement 
of radionuclide deposition in  ariimal lungs, a method fo r  measuring internal 
air pressures i n  the thorax, an improved extra-corporeal blood pressure 
transducer which w i l l  respond t o  diastol ic  pressure, and a system fo r  moni- 
toring and regulating air flows i n  certain t e s t  chambers. 
and circui t  breadboardingwerecmpleted for  an experimental thoracic air 
pressure variation measuring instrument. 
ing the air f l a w  and balance in animal t e s t  chambers w a s  experimentally 
fabricated and i s  being tested.  
air f l a w  and balance conditions do not stay w i t h i n  required limits. Canner- 
c i a l  automatic pressure regulator information is being reviewed t o  determine 
i f  adequate units are available. 

The ini t ia l  design 

A sol id  s t a t e  c i rcu i t  f o r  monitor- 

The c i rcu i t  w i l l  energize an alarm if  the 

Discussions were a l so  held with Occupational Health personnel t o  determine 
the possible interest  i n  a specialized heart sound detection and recording 
system. 

Following receipt of the one m i l l i c d e  Po-210 alpha source configuration 
fram the vendor, a suitable source holder w a s  designed and is being fabri-  
cated fo r  use i n  the air f i l t e r  trapped beryllium monitor. 
bax and/or t e s t  hood for the detector assembly s t i l l  needs t o  be established. 

A suitable glove 

Anti-coincidence techniques are. being investigated fo r  possible incorporation 
i n  an a i r  monitor fo r  mixed f i ss ion  products wherein the detector head must 
operate in mcxiest gamma background f ie lds .  Fabrication of one experimental 
unit i s  nearly complete. 

Circuit design was ccanpleted f o r  a special sol id  s t a t e  integrator, incor- 
porating an electromechanical regis ter ,  t o  be used with the HAP0 portable 
solid s t a t e  W3 neutron dose r a t e  instruments. 
w i l l  operate plugged into the regular instrument phone jack. 
one d ig i t  on the three-decade regis ter  w i l l  eqyate t o  0.1 mrem. 

The dose r a t e  integrator 
As designed, 

This addi- 
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t i o n  should prwe t o  be a valuable t o o l  f o r  neutron dose measurements under 
f i e ld  conditions 

Develcpezt effort  contime6 OD a small-package dose telemettymethod u t i l i z -  
ing a recharging-type ionizatior.. chamber 85 a sensor and sol ld s t a t e  circuitry.  
One expcrime~tsl breadboard un i t  was t e s t  cperated; hawever, considerable 
development work remains t o  be &%e. 

Direct design m& f&brication effor t  continued OE the HAP0 Radiotelemetry 
System. R&o frequency shielding and f i l t e r ing  was added t o  the modified 
data statiori t G  mi-ize interference and considerable tes t ing  was carried 
out os the Vi3raspoders an5 mpl i f i e r s .  
station i n  ?;he 329 Wiilriug is 'Der& rnztinely '[called" by the Central Sta- 
t i on  located at Atmospheric Physics. FuBct.iozzs3. Operatim of the data sta- 
t i on  is being recxaea,  

A t  present, the one test data 

The t e s t  chassis WGS cmpleted for the experimental s c in t i l l a t i on  logarithmic 
response builaing radiation monitor which employs a vibrating capacitor 
input anit a s o l i d  s t a t e  c i rcui t .  
howeverJ rnc,.zLmical binding and stoppage cf the vibrating capacitor was 
notes. at ekvateb  tem?eratues. Further work will be necessary. 

Circuit performance proved satisfactory; 

Isotcpic Analysis R.ogram 

Isotopic malyses of program samples were provided at a reduced but accept- 
able rate a u i n g  half of the month because of toe heavy load of samples re- 
*ired f o r  Plutonium Recyzle Program stu&i.es. 

Fabrication of the seinti l lat ioz-type ion detector for mass spectraneter 
developnent studies was cmplete5 by Technical Shops. Most of the month 
w a s  spent in locating an& eliminating vacuum leaks i n  the detector. This 
work is still in progresso 

Besign drawings were completed for the al- parts of a vacuum-lock sample 
changer f o r  the mass spectrometer for  this pragrarn. 

TEST W T O R  OPEBATIONS 

Operation of the FXTR continwd routinely except for a scheduled three-day 
maintenance outage. There were no unscheduled shutdams. "he K l a t t i c e  
experiment& - R e -  
liminary t e s t s  were made t o  determine the f eas ib i l i t y  of i r radiat ing rats i n  
a predominantly fast neutron flu. 

KWS fuel  dry were nearly completed during the  month, 

The reactor room was pressure tes ted 
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during the month. 
conduits through the  shield were leaking badly. 
n e c e s s m  for  t e s t ing  d fo r  correcting the  leaks. 

The gas door sea l  was sat isfactory,  but the  e l e c t r i c a l  
A three-day outage w a s  

The TI'.R was not operated during the  month. 

The c r i t i c a l  approach experimect fo r  Fu-A1 r d s  2Oqb Ar 16Q 240 i n  l i g h t  
water with 0.66 inch l a t t i c e - p i t c h  was nearly completed during the  month. 

Weather Forecasting a86 Metecrolopical Services 

ConsultaticB coztinue? on t he  meteorological and climatological aspects O f  
a i d e s  ol" nit roget  release i n  the  300 Are&. 
pheric dust loadings, par t i c l e  s i ze  dis t r ibut ions,  wind d i rec t ion  distribu- 
t ions,  and dust s t o m  frequency were provided the  Cammission f o r  use in 
desi@ of vent i la t ion systems f o r  e l e c t r i c a l  equ ipen t  associated with 
1 0 0 - N  operations 

Consultation on loca l  atmos- 

Metesrologicsl services, viz. ,  weather forecasts,  observations and clima- 
to logica l  services were provided t o  plant operations and management per- 
sonnel on a routine basis 

Weather Summary 

Type of Forecast Number Made $ Rel i ab i l i t y  

8-Hour Productior, 90 
24-Hmr General 60 
Special 156 

Temperatures during June averaged s l i g h t l y  above normal. 
heat wave centered near midmonth. 
ably cool. 

There w a s  a 10-day 
Bowever, the  final 11 days were unseason- 

Althougn prec ip i ta t ion  occurred on 14 days, the  monthly t o t a l  w a s  less than 
40 percent of normal. 
"here were many cases of mderate t o  fresh speed, but no really high winds. 

Th? month w a s  a lso considersbly w i n d i e r  than usual. 

Instrumentation and. Systems Studies 

Specific c i r cu i t  and detector developuent was s t a r t ed  on a specialized face 
mask monitor fo r  detection of low energy beta emitters for Protective 
Equipent Decontamination, C E W O  

UNCLASSIFIED 
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Circuit design work continued on the special soil moisture content measuring 
probe for Advanced Technical Flanning, CPD, and Chemical Effluents Technol- 
ogy, HL. 
was established. 

The general probe shel l  design fo r  six-inch diameter well casing 

The probes and waste can holders were fabricated for the plutonium waste 
container measurement system being designed fo r  plutonium Process Engineer- 
ing, CPD, 
ready t o  start. 

The necessary NaI detectors were a l s o  received an& assembly is 

A brief investigation was made regarding slight response nonlinearity i n  
the Biology Laboratory portable f i e l d  monitor and energy analyzer, 
appears that mincr re&esign of the sol id  s t a t e  amplifier will be required. 

It 

Assembly wa& nearly cmpleted on 8 sc in t i l l8 t ion  coincidence CaLulter fo r  
a i r  f i l t e r  samples for use i n  the 325 Building by Radiation Protection 
Operation, HL. 
incidence counter f o r  air f i l t e r  samples for  use at the FIE16 Recycle Pl lat  
Plant 0 

Most parts required were received for  a sc in t i l l a t i on  co- 

General design w a s  s tar ted OB a special instrumentation system to measure 
U-235 enrichment i n  fuel  for  Metal Fabrication Development, HL. 

Consultations were held with Reactor Metals Research Operation 011 methods 
of measuring displacements at high temperature. High temperature metals 
research involved a study of stress vs. s t r a in  of variaus metals at ele- 
vated temperatures; hence, the need for a displacement measuring system 
operable and accurate at high temperatures ( t o  3000%). Several methods of 
high temperature displacement were discussed and it was determined that the 
following methods be explored: LVDII's, micrawave resonant cavities,  optics, 
and s t r a in  gages. 
readout system be designed. 

It was requested that an accurate and f lexible  L W  

Construction of" the creep capsule data logger is continuing and the  c-le- 
t i on  target  date of mid-August is  expected t o  be met. 

Simulation of a chemical separations C-column was s t e e d  t o  produce a 
model more refined than the m d e l  sianulsted about a year ago. 
simulation was u t i l i zed  t o  explore the effects  of parameter variations on 
the performance of the model. 
pose. 
computed curves 86 ccmpared to measured curves of the  aqueous and organic 
concentrations of material as a function of column location. 

The initial 

The new model w i l l  be used for the  58me pur- 
The performance of the model is measured by the closeness of f i t  of 

~ 
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Fabrication of the 3M.y Current Motion Analyzer (EM-I)  has progressed t o  
the final phases of instrumentation assembly. 
develop& for use i n  studying the fuel assembly vibrations which have been 
encountered i n  the PRTR. 

This instrument is  being 

Fabrication of the s h  channels of excitation and detection electronics 
has been completed as has the. transfer panel. The various chassis have 
been imtalleci i n  the cabinet an5 most of the interconnecting cables have 
been completed. 
and the instrument i s  expectel? t o  be operational by the end of the month. 

F i n a l  checkout of the electronics is being accaxplished 

A work order was receive2 f rm CPD for  the development anci fabrication of 
a punch programmer for  the Red= counting room. 
t o  generate a punche5 paper tape coxltairdng about 200 characters of informs- 
tiosz needed t o  instruct the IBM 7090 i n  the analysis of pulse height 
analyzer data. 

The system is reqyired 

Optics 

The e lec t r ica l  readout traverse mechanism was used t o  traverse a process 
tube at i89-I! W 6 i n g .  Sixteen run5 were made. Four of these used the 
electromicrometer as a r e d o u t  device. A a-c t ranslator  and electromicro- 
meter were used for  the other twelve runs. 
obtained from the electromicrmeter readings were accurate t o  118 inch. 
The process tube w a 6  tes ted at two different bendings. Both horizontal 
and ver t ica l  distortions were changed although only the  horizontal bending 
was measured. The traverse mechanism gave horizontal displacements accur- 
a te  t o  1/8 inch for  bends in ei ther  horizontal direction and thus demons- 
t ra ted  the desirable insensi t ivi ty  t o  ver t ica l  bends when horizontal bends 
are being measwed. 

The calculated displacements 

Data obtained on the twelve runs using the millivoltmeter readout axe 
being analyzed. 

The use of photocells t o  measure the  rail heights on fuel  elements permits 
readings of k O.OOCY2 inch on a 20 parer projection comparator. 
for  a method of rapia readout has proven t o  be difficult. Cadmium sulphide 
ce l l s  have too long a time constant, but it was found that cadmium selenium 
ce l l s  with 4 millisecond time constants would provide the desired accuracy. 
One photocell has been used with a servo amplifier and motor drive t o  posi- 
t i on  the fuel  element edge t o  a reference l i n e  and a second photocell 
detects the height of the rail above the  reference l ine .  

Arranging 

Although the 
accuracy 
rails is 
scanning 

of these measurements is adequate, the r a t e  of scanning-the eight 
still  too slow and m u  work is  directed toward finding a suitable 
arrangement 

UNCLASSIFIED 
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While ewipment w a s  being assembled fo r  pulsing i a se r s  in the  Optical Shop, 
t e s t s  were &e m the  Nd3+ a d  U3+ doped r d . s  using the  thermal d i f fus iv i ty  
measuement l a s e r  head. 
t h re s  old occurred with a 24.5 Joule f l a s h  for Nd3+ and a 400 joule f l a s h  

ials when it i s  noted that the  corresponding threshold f o r  ruby is  greater  
than 800 joules aad that the ruby rod is  normally operated at 1200 joules. 

When t e s t s  a r e  begun ir! the Optical Shop, the rods w i l l  be cooled t o  
approximateiy -196OC with liqtiiii nitrogen. 
w i l l  f a c i l i t a t e  the  threslsola rneasmement 

A t  an estimated temperature of -4OoC, lasing 

fo r  U 3+ ., These f i g w e s  Foirtt up the law threshold energies of these mater- 

!??he lover  threshold energies 

Capability fm g r i d i m g  a d  pclishing l a se r  rods opt ica l ly  flat is being 
established 112 the  shop. 
t he  
also give the shog rncre f l e x i j i l i t y  i z r  enabling it ts work with unfinished 
l a s e r  materials 

The neea for t h i s  capabi l i ty  w as  poizted aut when 
rod was chippet on mechanical assemb1.y of the  heado Tnis w i l l  

During the  fm-week period (May 19 - June 17)  covered by t h i s  report ,  a 
t o t a l  cf 384 manhours shop work. was done. The work included: 

1. Repair of three borescopes f a r  Irraciiatim Testing, IPDe 
2. Resilvering one ruby l a s e r  rod f o r  Ceremic Research, EIL. 
3. 
4 
5.  
6. 
?. 

Fabricatiosz of t e c  glass bearings f o r  G P D ,  
Fabrrcat im of cine borescope cemeradapter 
Repair of three c.rar,e periscope heads f o r  CPDe 
Fabrication of ar eyepiece extension fo r  a microscope f o r  HL. 
Fabrication of co i l  forms and accessories for eddy current 
t e s t  irg 

physical Testing 

Technical assistance was render& the  Hs;nrey AliMimm Canpmy i n  the  
ul t rasonic  t e s t i n g  of Zircaloy-2 she&th tubes f o r  HanforA0 
0,442 inches i n  hiameCYer with a 20 mil w a l l  were t e s t ed  f o r  a 5% defect 
leve l  or a 0.001 inch defect ,  The s e n s i t i v i t i e s  and ca l ibra t ion  of the  
t e s t e r s  had previously been determine3 at HAFO t o  t e s t  the  small diameter 
thin-walled Zircaloy tsbinp,  
was modified, ca l ib ra t e s  and ce r t i f i ed  t o  be within the  remirements of 
the spe,zifications f o r  the  test., Duping the  time the  equipnent w a s  being 
cal ibrated and the  conditions f o r  the t e s t  being se t  up, a number of off-  
s i t e  General Elec t r ic  inspectors were t ra ined at Harvey. These inspectors 
will now be able t o  fcrllar the  application of the t e s t s  on u l t rasonic  
t e s t i n g  tubing t o  HAPOgs requirements. 
( a )  the ult rasonic  t e s t  exhibits somewhat higher s e s i t i v i t y  than the  

The tubes 

The t e s t a  equipment at Harvey Aluminum 

Tentative tes t .  r e s u l t s  indicate: 

1 2 3 3 3 3 2  
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pulsed eddy-current t e s t ,  ana (b) annealing the tubing reduces background 
noise of the ultrasoriic t e s t  and increases the background noise of the  
eddy-current t e s t  

Circular, in-motion radiography is  being used t o  evaluate the  repair  of N 
f i e 1  element r e j ec t  welds. Radiograpw is a l s o  providing the  means of 
viewing a number of BF3 proportional cuunters fo r  proper arrangement of 
t h e i r  in te rna l  cmponents pr ior  t o  acceptance frm the vendor. A 0.001 
inch tungsten wire was resolved within the capsule chamber. 

Over f ive  thoasan& tubes have naw been receive& and inspected fo r  retubing 
the  K Area reactors.  Islcldied i n  this number are  the  twelve hundred tubes 
that have beeH delivered t c  the  reactor and successfully ins ta l led .  van- 
stone flanges were made on the tubes as  they were in s t a l l ed  i n  the  reactors  
anti inspected 3y fluarescent penetrant.. Of the  twelve hundred tubes ins- 
t a l l ed ,  l e s s  than one percent f a i l e d  on the  in-pi le  Vanstoning operation. 
This f a i lu re  r a t e  is actually l e s s  than the  f a i l u r e  r a t e  of the aluminum 
tubes previously used i n  the reactor .  
by Physical Testing is  continued t o  be u t i l i z e d  by Ipc t o  v i r t u a l l y  elim- 
inate  the Vanstone cracking problem, 

The dry honing process developed 

Field t e s t s  were condurte& on 32 different  Jobs during the month, custaaners 
fo r  these jobs were every department and subcontractor at Hanford. 
magnetic pa r t i c l e  inspection was conducted on a DeLavSl pump shaft from 
the  190-B high lift process pumps. S i x  crack-like i d i c a t i o n s  were detected 
at the center bearing surface; the  shaft is  being sent back t o  DeLaval 
at New Jersey f o r  repa i r ,  
t o  such items as inspection of welds on the M Reactor hydraulic system, 
the 324 Building calcinator project,  and air receivers throughout t he  
100 Areas. In  most cases large amounts of weld areas are  being found 
defective.  These weld defect areas are careful ly  marked and removed by 
grinciing 

A 

Ektensive radiograph t e s t i n g  has been applied 

Maximum e f f o r t  i s  being made t o  provide the  N Reactor program with f i e l d  
inspection services as required t o  maintain construction and s t a r tup  
schdu les ,  
have been proviued th i s  past  month on an emergency top p r i o r i t y  basis, 

Part icular ly  heavy eddy-current and penetrant testing support 

ANALOG COMPUTER FACILITY OFZRATION 

Analog computer problems considered during the  month were: 

1. PRCF Hazards. 
.;2. Pressurizer. 

4. D Reactor Control Problem. 
30 c - c C ~ ~ o  
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Cmputer u t i l i za t ion  was a5 follows: 

30,'; 
21 
10 

0 - 

3 O? H a s  Up 
21 Eours Schemed D a m t i m e  
8 €lours Unscheduled Downtime 
0 Hours Idle - 

336 336 .HOU-E -Total 

"he purchase sraer f o r  t.he nsw cuxrpPzter has been placed. As suggested by 
the AEZ, negctiation meetings were held with the major contenders f o r  the 
contract, Each bid.3cr was isfcme5 as t o  whick of the exceptions taken 
were acceptable a& which were xxt acceptable. As 5. resfit, both bidders 
entered rmiee6 proposdls. !Fheiy proposals were evaluated and the  lowest 
bid was fom5 acceptable. 

"he feas ib i l i ty  of c t i l i z ing  telephone lines i n  connection. with the  SnaLOg 
cmpztizg eqLipment w&s tes te3 with gocd resCLts on the  magnetic tape 
delay uasit :a xx .xc t i c r -  with a heat transfer t e s t  being made by PhYEical 
Measurexuer?t6 @eration. 
an6 the 31O7-C Xi l&inge  A 2,000 cycle per second signa3 from a radiometer 
is transmitter5 t o  the analog f ac i l i t y ,  t o  the tape delay unit, and back t o  
the 314 Bu&Lding. 
the w e  of the telephone l ine .  It is anticipate2 that telephone l i nes  can 
be use5 t o  .test eqiipment a t  the PRTR, NPR, am5 other operating f a c i l i t i e s .  
Plans were start& t o  operate the PRTR mderatcr system and controller 
w i t h  the reactor c r i t i ca l ly  safe, but simulated OB an analog cuuputer. 
'Riere is  a g o d  possibil i ty t b t  l a t e r  t e s t s  can be done tbrw phone l ines .  

The telephone lint is between the 314 Building 

There i s  90 apparent dis tor t ion or noise introduced by 

INSllRuMENT NALUA!!XcIP 

Calibrstim tes t ing  an5 mincr modification wcrk w a s  canpleted on the experi- 
mental sc in t i l l a t ion  solid. state beta-gamma hami W shoe counter which uses 
gamma bsckgrcund compematim circuitry.  
were inctalleci is, place of tbe criginal RCA-6655-A tubes with a marked 
imprwemezt i n  perfmmance. Slight h igh  volt-e supply changes were neces- 
s a r y  t o  use the cew tubes. N y  successful operatior& with 6tandard HAP0 
t e s t  s w c e e  can be achieve2 far the  -5 channels i n  about 1 mr/hr gamma 
Sackgrmaii  f ie lds ;  whereas, a starzliara HAFO "Five-Fold" beta-gemma hand 
and shoe counter becmes a marginal perfomer i n  fields of about 0.05 mr/br. 
Tnus, an fmproveme,at performance factor of abmt 20 has been achieved. The 
expermmtai countc,r w i l l  cui be Emred t o  the 100 Areas for  f i e l d  tests. 

EMI-9536-B multiplier phototubes 

1 2 3 3 3 3 4  
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The seven cornbination alpha-bet8-gamf3 s c i n t i l l a t i o n  so l id  state hsnd and 
shoe counters being fabricated by Instrument Laboratory, Inc. of Seattle 
are  nearly c e l e t e d  and w i l l  be t e s t ed  during June. In addition, a con- 
t r a c t  was l e t  t o  Tracerlab, Inc., t o  fabr ica te  th ree  more. 

Twelve of 30 s c i n t i l l a t i o n  so l id  state portable alpha "poppies", fabri- 
cated by K-F F!roducts;Denver, have been tes ted,  accepted, and placed in 
service. . 

Manager 
PEIYSICS AM) INSFRUMENTS LABORATORY 

RS Paul:mcs 
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CHEMICAL LABORATORY 

HWb052, :- , 

RESEARCH AFlD ENGImEERING 

FISSIONABLE MATERIALS - 02 PROGRAM 
IRRADIATION PROCESSES 

Release Studies 

An unirradiatted aluminum-clad bismuth element was heated a t  500 C 
t o  e x p l x e  the retent ive capabi l i t i es  of the cano 
a t  temperature the can w a l l  w a s  breached a t  three points, Flow of 
l i q u i d  bismuth w a s  from only one of the holes, but post-heating 
examination showed t h a t  the can w a l l  w a s  near destruction a t  many 
points. 
of i r radiated bismuth should be below t h e  melting point of bismuth 
(271 C) t o  prevent escape from the aluminum can, 

.After 52 minutes 

This  indicated tha t  storage o r  transportation temperatures 

Characterist ics of 100-Area Soi ls  

Mechanical analyses were completed on s o i l  samples from wells near 
the 100 Areas. 
fee t  from the tops of the wells t o  s l i gh t ly  below ground water. 
The following general conclusions.were drawn from t h e  results, 

The samples analyzed were from points every f ive  

In general, s o i l s  a re  f ine r  textured at greater distances from 
the r iver .  More desirable 1ocations.of future  c r ib s  are inland 
rather  than near the r ive r  bank, Inland locations would take 
advantage of greater  flow path lengths and the.greater decontamin- 
a t ion a b i l i t y  of the  f ine r  textured soils, 

The top 5 t o  15 f e e t  of s o i l  is usually f ine r  textured than the  
s o i l  below, 

A typ ica l  g lac iof luvia t i le  subsoil  i n  t h e  v i c in i ty  of the  reactor  
areas would contain a great deal of gravel ( 2 5  percent) and sand 
(60 percent) but a l so  would contain enough s i l t  (8 percent) and 
clay ( 4  percent) t o  have considerable decontamination a b i l i t y ,  

Film Adsorption Studies 

Additional data have been obtained on the  adsorption of radio- 
nuclides on aluminum coupons coated w i t h  various agents, 
coupons were exposed f o r  30 days i n  reactor tubes.downstream from 

These 
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the  f lux zoneo 
promise in laboratory tes ts ,  four  were considerably superior,  
average r e s u l t s  from duplicate tests wi th  these coatings are 
tabulated below: 

Of the  15 agents.used, each of which had shown 
The 

Coat i n 6  
Radioactivity Relative t o  Non-Treated Coupon 

AS-76 - P-32 Np-239 CU-64 - 
Black Flo-Master Ink 0,38 0,24 0057 0091 
Black Marks-a-Lot Ink 0048 0039 0059 0 ~ 8 7  
Silicone Resin 82 c039 c036  0032 0 077 
Silicone Resin 112 0,69 0,41 0030 0 ~ 6 7  

The black Flo-Master ink and the  Siiicone.Resin 82 were the most 
e f fec t ive  i n  reducing the  adsorption w i t h  the  ink most e f fec t ive  fo r  
P-32 and the  r e s in  somewhat be t t e r  for the  Np-239 and CU-64, 
for  some additional radionuclides, including Sc-46, CP-51 and ~n-65, 
are i n  progress, 
of a reactor ,  

Analyses 

These coatings will next be tested i n  t h e  f lux  zone 

Deionized Water Studies 

Ins t a l l a t ion  of a r a w  water feed pump w a s  completed, and.maintemce 
and overhaul of t he  deionized water f a c i l i t y  w a s  accomplished during 
the  reactor  outage which occurred during the  report  period, 
many sample l i n e s  were removed during t he  outage and have not ye t  
been replaced the deionizer i s  not ye t  back i n  operation, 

Since 

The water treatment plant  is  operating well with a l q i n u m . n i t r a t e  
nonahydrate, Using conditions of about 25 ppm of the  f l o c c d e a t ,  
zero ze ta  poten t ia l ,  and a ptI of 7, water with a tu rb id i ty  of 0.003 
i s  produced and f i l t e r  runs of 8 hours a re  obtained, 
favorably with t h e  0,015 t u rb id i ty  water and 5-hour f i l t e r  runs i n  
t h i s  un i t  when operated on the  regular react'or water treatment process. 

This compares 

I n  the  half-reactor t es t  a t  F-reactor t o  compare high and low alum 
conditions some measurements of Na-24, ~ i - 6 5  and Ga-72 were made 
as indices of r e l a t ive  corrosion r a t e s ,  No s igni f icant  differences 
were observed, 

I n  t h e  D-reactor half-reactor t e s t  comparing the  two pH conditions 
of 6.6 and 7.0, measurements of Na-24, Ni-65 and Ga-72 did show 
s igni f icant  differences,  indicat ing t h a t  a reduction of corrosion 
i s  obtained at  a pH of 6,6, Preliminary values obtained from Na-24 
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indicate a reduction of 20 percentb Ni-65 indicates a reduction'of 
50 percent 
of the ~i-65 value may be real or may be due to the sensitivity to 
sampling line temperature conditions observed with this radionuclide. 

and Ga-72 a reduction of 15 percent The wide .deviation 

SEPARATIONS PROCESSES 

=&to Ground 

The concentration of gross beta emitters in the ground water beneath 
the Purex 216-A-10 and Redox 216-S-7 process condensate cribs 
remained essentially unchanged during the past month. 
concentration in the ground water beneath these disposal sites 
ranged from 2 - j x 10-3 uc B/cc during the current month. 

The maximum 

Soil Permeability at h r t x  241-A Tank Farm 

The permeability of soil similar to that below the 241-A Pure;! Tank 
Farm was determined, 
soil from the 5 5 s  60, 65 and 75 foot depths from eight wells in the 
241-A tank farm; only that part of the soil which would pass through 
a 2 mm screen was used, 
filtered and unfiltered synthetic Fhrex stored waste, 

The soil sample consisted of a composite of 

"he permeabilities were determined for 

Measurements made at room temperature and atmospheric pressure with 
a falling head permeameter showed that the soil had a permeability 
of 6.2 x 10-6 cc/cmz/sec with the unfiltered waste at unit gradient. 
A permeability of 1,2 x 
filtrate. 
temperatures and higher pressures but cannot be interpreted until 
viscosity and density measurements are completed, 

cc/cm2/sec was measured with the 
Other permeability determinations were made at higher 

Ruthenium Removal Studies 

Studies of ion exchange and sorption methods .for removing ruthenium 
from Purex process acid recovery condensate were continued, Column 
experiments using activated charcoal, alumina, Dowex-1, Dowex-1 
in series with Dowex-50, and a mixed bed of the latter led to some 
interesting observations. 

At a low flow rate (0,04 col,vol,/min) ruthenium broke through to 
100 percent at 90 column volumes with Dowex-1 or Dowex-1 in series 
with Dowex-50. The ruthenium breakthrough curve in this case 
paralleled the hydrogen and nitrate ion breakthrough curveso After 
100 percent breakthrough was reached, the double bed system gradually 
began removing ruthenium again and leveled off at about 33 percent 
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breakthrdugh, 
breakthrough after which the  cat ion res in  becomes ac t ive  w i t h  
respect t o  cer ta in  of t he  ruthenium species present. 
as yet  whether t h e  anion r e s in  serves any purpose after breakthrough. 
A mixed bed of Dowex-1 and Dowex-50 showed promising results f o r  
ruthenium removal, 
grams of Dowex-50 removed about 90 percent of t h e  ruthenium from 600 
column volumes of condensate, 
based on t h e  Dowex-1 r e s i n  only, 
w a s  0,7 col.vol./min, 

Results w i t h  a 30 to 50 mesh charcoal bed showed 13 percent.ruthenium 
breakthrough a t  500 column volumes of condensate a t  a flow rate of 
0.04 col.vol./min, With a bed of 80 t o  100 mesh alumha ruthenium 
exceeded 90 percent breakthrough after 350 column volumes, Ei ther  
t he  alumina itself or impurities were observed dissolving i n  t h e  
d i lu t e  ac id  (pH 2), 

This ef fec t  i s  believed t o  be related t o  the  hydrogen 

It is unknown 

A column containing 3 grams of Dowex-1 plus  2 

The column volume number used i s  
The flow r a t e  on t h i s  same basis 

>Uranium 

The laboratory study of t h e  e f f ec t  of uranium surface condition 
upon nickel p l a t a b i l i t y  has continued wi th  an invest igat ion of the  
propert ies  of nickel  coatings produced i n  a var ie ty  of baths 
following d i f fe ren t  surface treatments, 
pieces were coated w i t h  a 19-21 micron th ick  layer  of nickel,  
examined fo r  hydrogen p i t t i n g ,  heated i n  air at 550 C for 30 
minutes, cooled i n  a i r  t o  25 C, and examined.for p l a t e  adherence 
and pgrosity,  
one, and may w e l l  require refinement f o r  use with thinner  p la tes .  
It has, however, yielded a s t r ik ing  demonstration of differences 
between surface preparation and p la t ing  techniques, The results 
of t he  study may be summarized a% follows: 

I n  t h i s  study, t h e  uranium 

The 30-minute heat treatment i n  air is a harsh 

Nickel P la te  Properties 
Anodic Etch i n  H C 1 - H a =  Anodic Etch i n  HNO312J 

PlatinK Bath Additive P i t t i n g  Adherence Porosity Pitting Adherence Porosity 

Watts 00 None 
None 
None 

H202 
XXX-D 

Thompson . -_ Few 
H202 Few 
XXX-D None 

Watts (Br  -_ None 
Subst i tut ion)  HpOp None 

Good 
Good 
God  
Good 
Good 
Good 
Good 
Good 

-High 
High 
High 
Medium 
High 
High 
High 
High 

Few 
Few 
None 
MWY 
Few 
Few 
Few 
Few 

Poor 
Poor 
Fa i r  
Poor 
Poor 
Poor 
Poor 
Poor 

Medium 
Medium 
Medium 
Medium 
Medium 
Medium 
Medium 
Medium - -  

XXX-D None Good High None Poor LOW 
Cit ra te  XXX-D None Poor High None Po0 r High 

Lissapol None Poor High None Poor High 
mfilki3iQJq zed,at 59 ma/cm2 f o r  6 min, followed by pickl ing i n  8 2 HN03 at 40 

f o r  minutes, 
( 2 )  Anodized in 2 HN03 a t  75 =/ern2 at 25 C fo r  20 minutes, w 1 2 3 3 5 3 4  

C 
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In addition t o  these results an anodic etch i n  t r ich loroace t ic  
acid followed by t h e  forementioned HNO 3 pickle,  and a chemical 
etch i n  molten FeCl "6H 2 0 a t . 50  C were tes ted  as possible surface 
pre-treatments by p?ating uranium from the  Watts bath with t h e  
XXX-D addition, The first pretreatment gave a sa t i s fac tory  p l a t e  
while the  second was sa t i s fac tory  with regard t o  p i t t i n g  and 
porosity but t he  p la te  w a s  r e l a t ive ly  non-adherent. 
lead t o  the following qua l i ta t ive  conclusions: 

These results 

1, 

2. 

30 

The best  plat ing bath studied so far i s  the  Watts bath with 
bromide subst i tuted fo r  chloride ( subs t i tu t ion  of bromide 
for  chloride yields  considerably l e s s  chemical corrosion) 

The anodic etch i n  the  H PO&-HCl m i x t u r e  gives more satis- 
factory r e su l t s  than i n  b0 except as regards t h e  porosity 
of the  p la te ,  

The anodic etch i n  t r ich loroace t ic  ac id  shows promise and 
w i l l  receive fur ther  a t tent ion.  

3 

The porosity of the  nickel p l a t e  var ies  markedly with thicknesso 
For example, t he  described tests showed the  plate . f rom the  Watts 
bath w i t h  XXX-D addition t o  be essen t i a l ly  non-porous.for thicknesses 
greater than 27 microns, and from the  Watts bath with no addition 
p l a t e s  thicker  than 31 microns were r e l a t ive ly  non-porous. However, 
since the  tes t  is very severe, it may be t h a t  a considerably thinner  
p l a t e  would be sat isfactory.  

The e f f ec t  of pH w a s  studied using the  Watts p la t ing  bath.with t h e  
XXX-D addition after the  anodic etch i n  HC1-H3POb and HN03 pickle ,  
The following observations were made: ( a )  current eff ic iency 
decreased very l i t t l e  from pH ! j O O  through 2,0, but decreased more 
than 10  percent at pH 1.5; (b) hydrogen p i t t i n g  increased from pH 
5.0 t o  3.0, but a t  pH 2,5 through 1-5 there  w a s  no p i t t i n g  observed; 
( c )  the  porosity increased from pH 5.0 t o  3.0 but from pH 2 ,5  
through 1,5 t he  porosity w a s  low; ( d )  the  adherence was good f o r  
a l l  cases. 

Sol id  S ta t e  Electrolysis  

A 162-hour run a t  900 C, produced by 125 amperes at 1.68 volts, has 
been completed on a uranium specimen, 
chemical analyses for  carbon have been completed. 
t o  be analyzed f o r  0 ,  N, and H. 

Spectrographic analyses and 
Samples a re  yet  

D E C L A W  
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Analytical data show t h a t  iron and carbon migrate t o  the anode end 
of the specimen. 
t h e  specimen, a result which confirms a similar finding i n  a 
previous 5Q-hour run, 
nickel t o  concentrate a t  the  anode, 

Curiously, t i n  i s  present a t  the  cathode end of 

The data a l so  show a s l igh t  tendency fo r  

A 242-hour e lectrolysis  of cerium m e t a l  has been completed i n  an 
e f fo r t  t o  es tabl ish the behavior of carbon, The specimen was 
electrolyzed a t  610 C, a t  285 amperes/cm2, and 1,16 vol t s ,  
chemical analyses for  Zr-95, Sb-125, and co-60, all of which are 
present, show t h a t  only CO-60 has migratedo 

Radio- 

The data obtained from chemicai analyses for  carbon i n  t h i s  run 
together w i t h  similar data from two earlier runs show i n  general 
a higher concentration of carbon ax the  ends of t h e  specimen than 
is  present a t  t h e  center, Moreover, the t o t a l  l eve l  of carbon i n  
the  specimen diminishes w i t h  time at  temperature, 
migration toward e i ther  the cathode or  anode i s  apparent. 

No select ive 

T,A, Henrie has shown t h a t  C-14 t r ace r  migrates t o  t h e  surface, 
when electrolyzed, but does not migrate longitudinally. 
i s  observed on simply heating the  specimen t o  promote diffusion, 
i , e , ,  the e l ec t r i c  current i s  required t o  produce the effect. 

No ef fec t  

The foregoing r e su l t s  confirm Henries$ finding t h a t  carbon does 
not migrate longitudinally, Moreover, i f  carbon migrates t o  t h e  
surface, it may reae t  w i t h  oxygen present there  and escape t h e  
specimen, This would explain.the observed decrease i n  t o t a l  
carbon content w i t h  time a t  temperature, 
achieve a s l igh t ly  higher temperature i n  t h e  center than at  the  
ends, a fac tor  which would accentuate loss of carbon inthe center 
by t h i s  mechanism, 

Likewise the  apecimens 

The e lec t ro lys i s  portion of the first plutonium electromigration 
run bas been successfully concluded, 
under sa t i s fac tory  control at  500 ,+ 1 0  C fo r  170 hours using an 
average current of 37 2 3 amperes a t  1 , 4 5  2 0.10 vol t ,  

The specimen was maintained 

It proved d i f f i c u l t  t o  remove the  oxide coating on t h e  surface of 
the  specimen using n i t r i c  acid,  so t he  decision w a s  made t o  leave 
it on, This coating developed numerous cracks i n  a direct ion 
perpendicular t o , t h e  longitudinal axis during the  course of t h e  
run, 
up appreciably. 
analysis 

On cooling t h e  specimen, however, these appear t o  have closed 
The sample has now been removed and sectioned f o r  
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-ium and Plutonium from W e x  1WW 

- 
When neptunium and plutonium are  extracted from Purex plant 1 W W  
solution w i t h  0,3 M t r i l a u r y l  amine (TU)-Soltrol ,  some f i s s ion  
product ruthenium glso ext rac ts  ., 
i n  t h e  organic phase when neptunium and p lu tonim are s t r ipped 
w i t h  O e l E  oxalic, 
accomplished by washing the  solvent w i t h  an alkal ine permanganate 
solution 

Most of t h i s  ruthenium .remains 

Removal of the  residual  ruthenium can be 

A two-step washing procedure was most e f fec t ive  i n  laboratory 
tests., The TLA-Soltrol solution was first  contacted w i t h  a 0.015 
KMnO4 solution f o r  one t o  two minutes a t  25 C, 
NaOH w a s  added t o  make the  aqueous phase approximately 0,5 NaOH 
and the  mixing continued, 
obtained after 10 and 60 minute contact times, respectively,  using 
0,3 M TU-Soltrol containing t r ace r  RU-106. The ruthenium decon- 
tamiFation fac tor  obtained was r e l a t ive ly  insensi t ive t o  temperature 
(25  versus 60 C) and NaOH concentration ( 0 3  t o  5 .O E) 
washed organic phase behaved normally i n  subsequent extract ion of 
N p ( I V )  and Pu(1V) from synthetic 1W solution, 

Suf f ic ien t  50 percent 

Ruthenium DFCs of 75 and 350 were 

The 

Use of Uranium(1V) i n  the.Purex Pa r t i t i on  Column 

Experimental r e su l t s  were reported previously which indicated t h a t  
severe plutonium ref lux  could occur when U ( 1 V )  i s  used as t h e  
reductant i n  the  Purex U3 column, The re f lux  would r e s u l t  from 
the  oxidation of Pu(II1)  t o  Pu(1V) i n  the  U S  column, which, i n  
t he  proposed flowsheet, would operate w i t h  only a holding reductant 
(hydrazine) present. 
w i l l  be l e s s  than thought earlier, 
made a t  ODOl ful l - level  plutonium concentration, I n  recent experi- 
ments a t  higher concentrations, a lower percentage of the plutonium 
w a s  oxidized, 
i n  t he  two-phase, HNO -hydrazine.plus TBP-Soitrol system, exhibits 
a dependency upon Pu(?II) concentration which i s  much less than 
f i rs t  order, Somewhat analogous behavior has beenareported f o r  t he  
oxidation of U ( 1 V )  t o  U l V I )  where, i n  HN03-N2H4, the  oxidation r a t e  
i s  zero order wi th  respect t o  U (  I V )  concentration (DPST-62-1-7) 

It now appears t h a t  the  plutonium ref lux 
The e a r l i e r  experiments were 

Indications are t h a t  t he  oxidation rate of Pu(II1)  

WASTE MANAGEMENT AND FISSION PRODUCT RECOVERY 

i r i n g  Studies 

The p i l o t  plant  pulse columns were used t h i s  month t o  test  the 
performance of t he  D2EHPA process with tartrate-complexed feed 
which is currently favored because of t he  improved cerium extract ion 

DECLA~FB 
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kinet ics .  The solvent contained 0.3 E D2EEIPA, 0.15 TBP. 

I n  addition, t he  lA column was modified i n  several  of t he  runs t o  
simulate the RA and RC columns from the  o ld  Metal Recovery (TBP) 
Process. These columns are  avai lable  f o r  i n s t a l l a t i o n  i n  B-Plant. 
The RA simulation was a dual-diameter .column containing a 12-foot- 
t a l l ,  23 percent free area nozzle p l a t e  car t r idge i n  the lower, 
3-inch-diameter section and a 6-foot-tal1, 10 percent free area 
nozzle p l a t e  .car t r idge i n  the  upper, binch-diameter section. 
RC modification contained only a 12-foot-ta11,.23 percent free area 
nozzle p la te  car t r idge.  

The scrub section i n  these RA-RC simulation s tudies  was divorced from 
the  IA column and placed as a separate "1s" column with the  spent 
scrub solution pumped t o  the  top of the  lA column t o  blend w i t h  t he  
W. 
cent f ree  area nozzle plates .  
sect ion w a s  highly sa t i s fac tory ,  

The 

The 1s car t r idge contained 10 feet of 2-inch-spaced,.lO per- 
The performance of the separate scrub 

In-Tank Sol id i f ica t ion  Studies 

Boil-down tests using cold coating waste solut ion were completed 
s a t i s f a c t o r i l y  using d i r ec t  imer s ibn  e l e c t r i c a l  heaters  inser ted 
in to  t h e  c i rcu la tor .  
tube occurred, 
waste so l id i f i ed  completely on cooling over night. 
being explored as a simpler and more economical alternate t o  t h a t  
of heating a i r  t o  e f f ec t  the  concentration. 

No scal ing of e i t h e r  heater o r  c i rcu la tor  
A t  a concentration of 4.25 t o  1 t h e  concentrated 

This method is  

Storage of Cesium and Strontium on Zeol i tes  

Observation of t he  B-Cell zeo l i t e  car t r idge,  which i s  loaded with 
about 50 watts-of strontium, continued during the  month. 
s ign i f icant  stable pressure ( ignoring occasional t r ans i en t s  
observed at  460 C ,  t h e  temperature .has been r a i sed  to .about 500 C and 
held a t  this. temperature,  except f o r  several  brief periods of heating 
o r  cooling - aimed a t  t e s t i n g  f o r  possible leaks and a t  determining 
degree of r e v e r s i b i l i t y  of gas-absorption o r  recombination, Phenomena 
observed, which include t r ans i en t  pressure excursions t o  30 psig,  
have defied any simple explanation or cor re l a t ion . in  terms of desorp- 
t i o n  of water from the  zeo l i t e ,  rad io lys i s  of water, gas recombination, 
o r  leaks. 
hensive study aimed at elucidat ing the  mechanisms involved. 

Since no 
w a s  

Recommendations a re  being formulated f o r  a more compre- 
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Recovery of Rare Ear ths  from l"ex Tank Farm Sludges 

An o x d a t e  precipi ta t ion - caustic metathesis process w a s  reported 
last  month for  the recovery of rare  ear ths  from the sludge i n  the  
Purex 106~ waste tank, 
contains an appreciable amount of lead (from the -ex- Head-End 
strontium recovery operation) and t h a t  much of t h i s  lead w i l l  dis- 
solve along w i t h  the  rare  earths i n  d i lu t e  acid, so t h a t  the  lead 
conten% of the feed t o  the rare ear th recovery s tep  may exceed the 
ra re  earth content by as much as a fac tor  of ten. 
lead was evaluated i n  a ser ies  of laboratory experiments and 
necessary flowsheet changes made, The presence of lead did not 
a f fec t  the oxalate precipi ta t ion s tep (provided a quantity of oxalate 
equivalent t o  the  lead, r a re  earths, and iron w a s  used) but did 
interfere  with metathesis = apparently because of the  presence of a 
large amount of oxalate i n  the precipi ta te  and the  r e l a t ive ly  low 
so lubi l i ty  of sodium oxalate, 
e i ther  of two ways: (1) by holding t h e  NaOH concentration at 1 
and increasing the  volume, or ( 2 )  by subst i tut ing KOH for  the  NaOH. 
Over 95 percent r a re  ear th  recovery w a s  obtained by metathesizing 
the precipi ta te  from one l i t e r  of feed (containing 0,l mole of lead)  
w i t h  500 ml of 1 M NaOH or with 100 m l  of 5 5 KOH, followed by dis- 
solution i n  100 m 7  of 2,5 5 H N O ~ ,  

Cesium Removal from Wastes 

Studies were continued on the use of Duolite C-3 phenolic res in  for 
removal of cesium from Redox alkal ine supernatant wastes. A t  
elevated temperatures (40 and 60 C )  cesium breakthrough occurred 
earlier than a t  25 C w i t h ' l i t t l e  improvement f n  column kinet ics .  
Thus, l o w  temperatures are preferable, 

Analysis has since shown t h a t  the sludge 

"he e f fec t  of 

This d i f f i cu l ty  w a s  eliminated i n  

Eighteen flowsheet cycles with one column of Duolite C-3 were com- 
pleted using synthetic Redox "SX" tank farm waste. 
was changed several  times during these runs, but t he  last and most 
sat isfactory one included: (1) load, (2) wash with three  column 
volumes of 0.01 M NaOH, ( 3 )  scrub with s ix  column volumes of 0 0 2  5 
(NH4) CO 
2 

eightFenth cycle was essent ia l ly  t h e  same as t h a t  f o r  the  first 
cycle. The res in  was then removed from the  column, dried and 
weighed. Comparison with the or ig ina l  res in  weight indicated a loss 
of less  than 5 percent of the res in ,  

The flowsheet 

- NH O'ii solution, (4) e lu t e  with six column volumes of 
(&I 3 C03 4 NH OH solution, (5) backwash wi th  t w o  column volumes 

of 2 M h 6  a H, and ( t: ) reload, The cesium breakthrough curve for  the  

DECLASSIFIED 
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Two addi t ional  inorganic exchange materials reported i n  the  l i t e r a t u r e  
fo r  se lec t ive  cesium removal were synthesized and t e s t ed  w i t h  synthet ic  
-ex 1965 deni t ra ted lWW.  
and potassium molybdenum ferrocyanide, 
zirconium phosphate and 300 f o r  potassium molybdenum ferrocyanide 
as compared w i t h  120 f o r  c l i n o p t i l o l i t e  and Zeolon, 
were made wi th  the  ferrocyanide exchanger. The 50 percent cesium 
breakthrough volume was 240 column volumes as compared w i t h  120 
column volumes fo r  e l i n o p t i l o l i t e  and Zeolon. However, t h e  ferm- 
cyanide exchanger displayed less su i tab le  physical propert ies  as a 
sizable  weight loss occurred during column runs and one column plugged 
near  the  end of a runo 

The exchangers are zirconium phosphate 
Cesium Ka values were 45 f o r  

Two column runs 

Fission Product Parkaginq 

Column experiments wi th  a simulated CSREX U P  solut ion and Linde 4A 
zeol i te  show a t o t a l  cesium and strontium loading of 2.2 m i l l i -  
equivalents/gram of zeol i te .  The solution composition was 0.2 NaN03, 
0.027 M CA(N03)2, 0,027 E Sr(N0 )29 0,040 
of rar; ear th  complexed w i t h  c i? ra te  ion,  
0.9 and 1,3 milliequivalents of cesium and strontium, respectively,  
which i s  near the equivalent r a t i o  of the two elements i n  solution. 
The la t te r  i s  s ign i f icant  in t h a t  l i t t l e ,  if any, cesium se lec t ive  
zeo l i t e  w i l l  have t o  be mixed w i t h  t he  4 A  for  the combined packaging 
of cesium and stron-cium from CSREX U P  solut ions,  

CsN03 and.a small amount 
The 4A zeo l i t e  adsorbed 

The t o t a l  cesium and strontium loading predicted from binary exchange 
data i s  near t h a t  obtained by the  column experiments, 
amount of each cation is different ,  
loading w a s  0,47 and 1 . ~ 6  millkequfvalents. .per gram, respectively.  
The reason fo r  t he  difference between predicted qnd experimental 
loading i s  unknown at t h e  present time, 
t o  Cs' solut ion r a t i o  of about 5:l o r  less must be maintained f o r  
sa t i s fac tory  cesium loadings on 4A zeolite., 

However, t he  
The predicted cesium and strontium 

The data ind ica te  t h a t  a Na+ 

I n i t i a l  resul ts  wi th  solut ions containing high concentrations of  
sodium carbonate r e l a t i v e  t o  cesium carbonate indicated t h a t  a c t i v i t y  
corrections would be necessary t o  obtain good cesium loading estimates 
f o r  zeo l i t e s  from binary exchange data, However, recent work with 
solut ions i n  t h e  expected concentration range fo r  fission product 
packaging show t h a t  a c t i v i t y  Corrections do not s ign i f i can t ly  improve 
t h e  accuracy of t he  loading estimates,  
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EQUIPMENT AND MATERIALS 

Stress  Corrosion Cracking of Mild S tee l  

The spheroidized s t ructure  formed i n  t h e  heat sensi t ized area 
between base and weld m e t a l ,  p l a s t i ca l ly  deformed during welding, 
has been postu1ated.t.o be mainly responsible f o r  crack i n i t i a t i o n  
i n  mild steel weldments, A specimen of mild s tee l ,  heat t rea ted  
t o  form the spheroidized s t ructure ,  w a s  coupled t o  an untreated 
specimen through a zero resistance ammeter and exposed t o  50 w/o 
NaPJ03 a t  80 C, Current flow was essent ia l ly  n i l ,  No difference 
i n  polarization character is t ics  w a s  noted when anodic and cathodic 
polarization of both specimens were determined i n  50 w/o NaN03, 

!ho weldments each of  ASTM A-283 Grade C and ASTM A-201 Grade B, 
exposed t o  synthetic Purex waste for  250 and 75 days, respectively, 
were inspected and.found t o  be f ree  of cracks, 
of ASTM A-283 ffrade C were removed from t h e  waste solution and are 
now being exposed t o  40 w/o NaN03 - 1 0  W/O N a N 0 2  a t  80 C. 
cathodic current (cs, 100 u amp/sq.cm) is being applied t o  one of 
these weldments 

The t w o  weldments 

A 

Cathodic Protection of 304-L i n  h r e x  1WW 

Results of cathodic protection experiments Kith 304-L stainless 
s t e e l  exposed t o  boiling synthetic Purex 1 W W  indicated a ten-fold 
reduction i n  corrosion can be achieved a t . a  current density of 
about 100 Uamp/sq.cm, 
which protection w a s  effect ive,  pa i r s  of 304-L speciments, e l ec t r i ca l ly  
connected, were placed at  varying distances from t h e  anode. 
one of t h e  pair one inch, and the  other s i x  inches, from t h e  anode, 
both specimens were protected. 
specimen was increased t o  24 inches no protection of t h i s  specimen 
w a s  obtained, even when the  current density w a s  increased four-fold. 

- 

I n  experiments t o  measure the  distance over 

With 

When the  distance t o  the  outside 

PROCESS CONTROL DEVELOPMENT 

Scint i l la t inA Glass 

A sample of Nash and Thompson.type GS1 s c i n t i l l a t i n g  glass  was t es ted  
by t o t a l  immersion i n  a solution of 20 percent TBP, 80 percent CC1 
which had been equilibrated with.2 percent H2S04 and 30 percent HN 3* 
After 572 hours a t  50 C and 368 hours a t  room temperature there was 
no detectable change i n  dimension or  physical appearance. 

t f  
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The Plutonium DetectLon Test System was completed and put i n  oper- 
ation, Located i n  a 222-S Building hood, the system is designed 
t o  flow plutonium solutions of controlled concentrations through 
various in-line detection devices, 
t o  date: A l7 kev X-ray s c i r t i l l a t o r ,  and a L i I  c rys t a l  neutron 
detector, With rhe X-ray detector, 400 counts per minute were 
obtained a t  a plutonium concentration of grams per l i t e r .  A 
l i nea r  re1ationsh;p between count r a t e  and concentration held up t o  
the m a x i m u m  caxen t r a t ion  used, 1 gram per  l i t e r ,  Application t o  
a plant plutonium waste stream is now under studyo 

Two detectors have been t e s t ed  

The Lithirun iodide zrystal  neutron detector prodwed count rates of 
?,OOO t o  ~O,COO per minute w i t h  plutonium ccneentrations of Ool t o  
1 gram per liter, 
t o  the  BF tubes f o r  measuring plutonium concentration gradien t ' in  
t h e  new P?utonium Reclamation Fac i l i ty  columns, 

Thas device is now being evaluated as an .a l te rna te  

Measurement of Column Density 

Instrumentaticn Cnd ;,echniques f o r  measuring pulse column density 
are under study, w i t h  par t icular  emphasis on control requirements 
for  The new Plutonium Reclamation Faccli ty,  
head measurement i s  equivalent t o  the  t i m e  average s t a t i c  plus 
dynamic head, Analysis shows t h a t  t h i s  value may contain contri-  
butions derived from asymmetry of the pulse pressure wave,  amplitude, 
frequency, and net flow through t h e  column, An instrumentation 
system was i n s t a l l ed  an an experimental, air-pulsed column t o  deter- 
mine whether t h e  contribution from the dynamic head could be ef fec t ive ly  
reljected t o  givC 6 more accurate measurement of s t a t i c  head,.and the  
dispersed phase hol&-up, The system uses a s t ra in .gage pressure 
t ransdwer  placed so as to measure the  f u l l  dynamic and s t a t i c  head. 
The s t r a i n  gage output i s  fed t o  a d i f f e ren t i a l  DC amplifier w i t h  
c i r cu i t ry  arranged so  as t o  amplify essent ia l ly  only the  DC component 
of t he  s ignal ,  With sui tably chosen amplification and attenuation, 
t h i s  signal is sui tabie  fop recording and control,  Although 
additional t e s t i n g  i s  planned, the system appears t o  be successful. 

The f i l t e r e d  s t a t i c  

Advanced Process C- 

A modified mathematical model of the  C-Column has.been developed 
which takes i n t o  account the  f a c t  that. mass transfer takes place in 
t he  region above and below the car t r idge section, Calculations have 
been carr ied out using the model t o  predict  e f f luent  concentrations. 
Four cases were compared, (1' no organ12 below feedplate and no aqueous 
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above extractant plate;  ( 2 )  organic extant below feedplate down 
t o  10 percent of cartridge length and.no aqueous above cartridge; 
( 3 )  no organic below feedplate, and aqueous extant up t o  10  per- 
cent cartridge length above extractant p la te ;  and (4) organic 
below and aqueous,above cartridge. 
coefficient and equilibrium l i n e  slope typ ica l  of C-Column 
operation were selected f o r  study. 
diffusion coefficients f o r  both phases were a l s o  used. 
cases it was demonstrated t h a t  the e f f ec t  on waste eff luent  con- 
centration w a s  very nearly t h e  same whether the  aqueous was 
allowed above t h e  cartridge o r  the organic allowed below, and 
t h a t  when both t h e  conditions were obtained the  effect-was very 
nearly the sum of the  individual e f f ec t s  ( i . e e ,  no interact ion 
e f f ec t ) ,  
of t he  extraction zone is what is important and t h i s  can be 
accomplished e i ther  by increasing pulsing frequency or by ra i s ing  
the top interface. For the range of diffusion coeff ic ients  
believed t o  be typical  of C-Column operation, the improvement i n  
extraction efficiency, before a flood occurs, due t o  t h i s  
effective lengthening, is about ,35 - 40 percent. 

Values of the  mass transfer 

Several d i f fe ren t  values of 
In a l l  

Hence the conclusion i s  t h a t  t he  e f fec t ive  lengthening 
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PLUTONIUM RECYCLE PR@GW. 

Sal t  Cycle Process 

*andtrolytic UOp - The -200 mesh s i ze  f rac t ion  
for  use i n  vibratory compaction ~f U02 fuei .has  been produced from 
-10 +25 mesh feed i n  tm p:.eces of apparatus, A 60 r p m  ball m i l l  
produced 99 percenr -200 mesh par t ic les  i n  13  hours of operation, 
The previously reported :HW-7'7709 C )  paint  shaker produced 94 per- 
cent -200 mesh par t ic les  i n  30 minutes of operation at  1100 shakes 
per minlzte, 
t o  increasing the number of palverizing balls from 6 t o  28, thus 
f i l ' ing the contelner h a l i  f u l l  of b a l l s ,  
a t ion for  the ?-Cell program w i l l  be by bal l  m i l l ,  

The great improvement i n  i t s  operation i s  d i r ec t ly  due 

Fine U02 f rac t ion  prepar- 

Induct.ion Heater Work Sta€Lon Controller 6 Two work s t a t ion  con- 
t r o l l e r s  have been designed and are  being fabricated for  control 
of induction heated salt  pots, The controi lers  are f o r  use in 
Sa l t  Cycle process stadies i n  C-CelL i n  325-A and i n  the  Pyrochemical 
Tes t  Fac i l i ty ,  Approximately 500 hours of opemtion have been 
accumulated on a prototype control ler ,  w i t h  no f a i lu re s  of the  
s i l i con  controlled r e c t l f i e r s  OF other so i id  s t a t e  components, 

Flowsheet Studies = 

of U02 and U03-PuO2 
have been extended 

Laboratory studies of the e l ec t ro ly t i c  deposition 
rcixtures from molten chloride salt solutions 

co the C s C 1 - L i C 1  eu tec t ic  (58 mole percent L i C 1 )  a 

The r e su l t s  thus far show t h a t ,  compared Kith the  equimolal KC1-LiC1 
system, use of a C s C 1 - L i C i  melt gives somewhat improved promethium 
decontamination 'and an increase i n  the extent t o  which Pu02 co- 
deposits w i t h  the  UO b The f a t t e r  effect  i s  strong enough t h a t  it 
i s  very doubtful thaz Pu-U par t i t i on  can be achieved by electro- 
deposition of U02 from a C s C 1 - L i C 1  melt. 

j - Spectrophotometric s tudies  
of reactions involving piutonyl species i n  chloride melts have 
continued ,, The rat  i o  of plutonyl ( V I  ) to plutonyl( V) i n  02-C12 
sparged melts was found t o  decrease with temperature and, at  a 
constant temperature, t o  be proportional t o  the  square root of the  
concentration of the chlorine i n  the  sparge gas, as expected for  
the  equilibriuni reaction: 

PUO*Cl2 f PUo2c1 + 1/2c12 

A t  ce r ta in  temperatures and chlorine concentrations, a prec ip i ta te  
i s  formed, presumably v;a the  reaction: 
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PuO*Cl $: b o 2  + 1 / 2 C 1 2  

The chlorine concentration i n  the sparge gas required t o  prevent 
precipi ta t ion of Pu02 increases w i t h  temperature. 

The plutonyl(V1) :plutonyl(V) and plutonium(1V) :plutoniwn(IIX) 
r a t io s  i n  C12-saturated melts were both found to be greater  by a 
factor  of about 3.5 i n  1.4 L i C 1 - C s C 1  than i n  LiC1-KC1,  a t  550 C. 
Since both of these equi l ibr ia  involve chlorine, the so lub i l i t i e s  
of chlorine i n  the  melts must be known before a comparison of the 
equilibrium constants can be made. 
completed fo r  a study of chlorine so lubi l i ty  i n  various melts of 
i n  t e r e  s t . 

Preparations have now been 

RADIOACTIVE RESIDUE PROCESSING 

Eighteen-Inch Radiant-Heat .Spray Calciner 

The Cold Semiworks reactor has been completely revised t o  provide 
a very f lex ib le  uni t  f o r  optimization studies of draft  tube and 
reactor geometries. The new uni t  i s  fabricated of Hastelloy X and 
i s  f i t t e d  w i t h  both a moveable telescoping draft tube and.moveable 
conical bottom section. This  arrangement allows the  draft tube 
length t o  be eas i ly  changed and a l s o  allows the  e f fec t ive  length 
of t h e  reactor tube t o  be a l te red  by posit ioning the moveable 
cone and sealing the  lower par t  of the  calciner  she l l  by an 
extension tube from t h e  cone t o  the  reactor  ou t le t .  Tests are 
i n  progress t o  determine operating capacity and character is t ics .  

The venturis on the  blow-back f i l t e r  assembly have a l so  been 
changed t o  a 3/4-inch throa t  and 14' divergent section. 
detai led study of t h e  blowback system has been i n i t i a t e d  t o  provide 
quantitative def ini t ion of t h e  effects  of major design and oper- 
a t ing  variables. 

A 

During removal of the  or ig ina l  Inconel X calciner  reactor  it w a s  
noted t h a t  .many of the  welds made i n  fabr icat ing the  cyl indrical  
she l l  had developed cracks. 
weld failures are not t h e  result of corrosive conditions.inherent 
i n  t h e  process, Rather, they were caused by mechanical stresses 
during operation and lack of solution heat-treating of welds 
during construction, Hastelloy X, used i n  t h e  new reactor ,  should 

It has been concluded that these 

be a markedly superior material for the  proposed operating 
conditions. 

1 2 3 3 3 5 0  



Calcined Waste Melt Pot Materials 

Samples of 310 and 446 s t a in l e s s  s t e e l ,  Inconel, Hastelloy X, 
Duranickel, HAP0 20, INOR-8 (Hastelloy B), Alchrome D, Kanthal A, 
and 90 Ta-lOW, were exposed a t  950 C t o  calcium-stabilized spray 
calciner  product, with phosphate added, Alchrome D, Duranickel, 
INOR-8, and 90 Ta-1OW a l loy  all exhibited excessive corrosion 
r a t e s ,  
remaining al loys exhibited rates of about 2 mil/mo, 
posures of t he  more promising al loys are  i n  progress. 

Kanthal A exhibited a rate of about 9 mil/mo and the  
Longer ex- 

N l  Level Calcination Stlidies 

A se r i e s  of runs w i t h  ammonia-neutralized synthet ic  feed were 
performed during the  month i n  the  "cold" 8-inch spray ca lc iner  
and were followed w i t h  a ful l - level  run (#17) i n  t h e  hot-cell p i l o t  
p lan t ,  
sodium-nitrate pot calcinat ion rurls reported las t  month and t h e  
f irst  indication of pressure build-up w a s  noted on the  pots  con- 
ta in ing  the  l a t t e r  calcines.  

Additional ana ly t ica l  data were a l so  obtained on the  high- 

The dramatic reduction i n  ruthenium vo la t i l i za t ion  (run #12) caused 
by caust ic  neutral izat ion of spray calciner  feed was reported 
recently.  
addition of excess sodium ion;a drawback which might be overcome 
by use of ammonia (which would be driven off  during calcinat ion)  
rather than NaOH fo r  pH adjustment, provided favorable ruthenium 
behavior is re tained,  
ca lc iner  w i t h  synthetic l W W ,  t o  define conditions f o r  t h e  hot-cell 
tes t .  Best r e s u l t s  i n  terms of guaranteeing a meltable calcine 
(wi th  the pa r t i cu la r  composition of 1W on hand for in-cell  runs) 
were achieved w i t h  NH OH equivalent t o  0,6 moles per  l i t e r ,  no Sugar, 
and sodium b i su l f a t e  [NaHSOk) equivalent t o  0,72 moles per  l i t e r  of 
1WW. The r e su l t i ng  m e l t  w a s  f l u i d  a t  < 900 C, 
in-cel l  run was uneventful, except f o r  a s l i g h t  1oss .of  a c t i v i t y  
t o  the  c e l l  f i l t e r s  caused by loss of  vacuum during start-up. 
Although the  p rec ip i t a t e  formed on ammonia neut ra l iza t ion  w a s  

without d i f f i cu l ty ,  No ana ly t i ca l  results are ye t  avai lable;  
however, very preliminary indicat ion i s  t h a t  ruthenium evolution 
was much less than i n  acid-side operation but not so low as with 
caust ic  neutral izat ion.  
t o  determine whether t h i s  difference i s  indeed due t o  subs t i tu t ion  
of ammonia f o r  caus t ic  or due t o  the  delet ion of sugar. 

A major drawback t o  use of caust ic  neut ra l iza t ion  i s  

Four runs were made i n  t h e  8-inch spray 

4 
The subsequent 

s t i ck ie r "  than t h a t  w i t h  caust ic ,  t he  slurry was pumped and atomized tt 

Additional hot-cell  runs may be required 
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Complete analyses on the  pot calciner runs w i t h  high concentrations 
of sodium n i t r a t e  f a i l  to- resolve unequivocally whether t h e  cesium 
evolution observed was due t o  t rue  vola t i l i za t ion  or t o  some other 
mechanism, such as preferent ia l  concentration i n  the l i qu id  phase 
remaining at the end of the evaporation cycle, w i t h  carryover of 
some of t h i s  l iqu id  by entrainment o r  
appears t h a t  it i s  not desirable t o  calcine a n i t r a t e  waste w i t h  
sodium much i n  excess of t h a t  needed t o  combine i n  t h e  calcine 
w i t h  su l fa te ,  carbonate, or perhaps phosphate, e t c ,  
containing the sodium n i t r a t e  calcines are also exhibit ing the  
f irst  pressure build-up observed w i t h  any of the calcines produced 
t o  date, 
vation continuing, 

I 1  bumping". In  any event, it 

The two pots 

Pressures were 1 t o  2 psig a t  monthOs end, with obser- 

Glass Making Studies 

A two-stage (Pyrex) evaporator fo r  concentrating phosphoric-acid- 
containing solutions pr ior  t o  feeding t o  a glass furnace has been 
designed and i s  being fabricated. 
un i t  has a l s o  been received and i s  being ins ta l led  fo r  "cold" 
pi lot ing of glass making, 
units e i the r  w i t h  a Brookhaven-type pot o r  w i t h  an inclined tube 
furnace. The l a t t e r  would employ a ceramic tube i n  an Inconel 
susceptor and, i f  successful, would eliminate use of platinum. 

A 1 5  kw 450 kc induction heating 

FYovision i s  being made t o  operate both 

Scouting experiments are a l so  being performed.with phosghste glass 
formulations, aimed par t icular ly  a t  reducing melting point,  
retaining su l fa te  i n  the glass, and finding a composition and 
melting point compatible with common materials of construction. 
Substi tution of meta-phosphate for  ortho-phosphate has resulted 
i n  lower m e l t  temperatures and shorter dehydration periods. A 
phosphorous t o  metal ion r a t i o  i n  excess of un i t  was required t o  
produce t rue  glasses, wi th  devi t r i f ied  "ceramics", ac tua l ly  of 
superior mechanical strength, produced a t  lower rates. A mixture 
having the male r a t i o s  P:Na:Ca:S04 = 2:2:1:1 (presumably P205 + 
N a  0 + CaSOq) produced a homogeneous so l id  Kith a density of 2.61 
a f f e r  less than one hour a t  900 C ,  
f racture  res is tance but raised the density only t o  2.63- Melting 
and remelting were carr ied out i n  304-L s t a in l e s s  steel, which 
suffered only nominal attack,, implying that one-shot "fill-and- 
store" s ta in less  s t e e l  crucibles may be feasible.  

Exchanger Properties 

The kinet ics  of a reaction of the type CaS0402H20(s) + BaC12 * 
BaS04(s) + CaC12 + 2H20 were examined, 
be used t o  remove spec i f ic  cations from radioactive wastes. 

Remelting at  1000 C improved 

This type of reaction can 



i c  

The CaSO o ~ H  0 ,  or gypsumc spheres were immersed i n  a constant- 

spheres were progressiveiy a l te red  t o  BaS04, and the Ba-133 was 
continuously monitored and recorded, 
replacement of gypsum by BaSOL represents a complete record of the  
replacement kinet ics ,  and also gives t h e  t i m e  necessary fo r  t h e  
reaction t o  go t o  completion, 
data showed the replacement reaction t o  be diffusion controlled, 

composition 4 3  a t h  of B a C l  ? solution containing Ba0133~ The gypsum 

The resul t ing curve of t h e  

Further analysis of the  experimental 

Condensate Treatment 

A simple vertical-leaf f i l t e r  was fabricated with the  leaf  enclosed 
i n  a section of  k-inch glass pipe so x h a t  t h e  application of a 
th in  zeol i te  be6 cou ld  be demonstrated and visual iy  observed, 
bed support was =de from 24 x li0 mesh p la in  dutch weave screen 
having a t o t a l  acrface area of 0,2 f r20  Using 100 t o  250 mesh 
c l inop t i lo l i t e ,  a C025-inch thick bed w a s  ea s i ly  formed on the  
ve r t i ca l  leaf,  
a flow of 15  t o  20 gpm/ft2 was at ta ined Kith a supply pressure of 
about 2(? psig, A momentary flow interruption caused the  bed 
pa r t i a l ly  t o  drop because of gravi ta t ional  forces,  This resu l ted  
i n  a bed thinner at  t h e  top a f t e r  the  flow w a s  s t a r t ed  again and 
demonstrated the importance of maintaining posi t ive flow through 
a vertical-leaf type f i l t e r .  
used for  further zeol i te  sorpt ion-f i l t ra t ion t e s t ing  of the con- 
densate decontamination process, 

The 

Pressure b o p  across t h e  bed w a s  not measured, but 

Improved precoar; f i l t e rs  w i l l  be 

Electrostat ic  Bubble Scrubber 

The average charge per pa r t i c l e  used i n  scrubber eff ic iency measure- 
ments w a s  determined by measuring t o t a l  charge t ransferred t o  a 
grounded f i l t e r  and support from a known number of charged pa r t i c l e s  
collected,  
the charge t ransferred over the  range of charging current used. 
The electrons per pa r t i c l e  were found t o  be approximately l i n e a r  
with the  square root of the charging current,  Although t h e  charge 
acquired i s  of the expected mFignitude, t he  change i n  charge with 
charging current i s  not t h a t  expected for  the 0,23 P par t i c l e s  used. 
Field charging of the  la rger  particries could be accounting f o r  the  
discrepancy noted, 

From 20 t o  120 electrons per p a r t i c l e  would account f o r  

The deposition of charged pa r t i c l e s  on the  w a l l  of a spherical  cavi ty  
due t o  space charge was calculated from theory and compared t o  the  
eff ic iency measurements of the  l/6-square-foot e l ec t ros t a t i c  bubble 
scrubber, A significant2.y lower eff ic iency than the  30 percent 
t o  50 percent eff ic iency measured was predicted, Relatively small 
er rors  i n  charRe per pa r t i c l e  would materially change the  calculated 

r. 
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efficiency and are presumed to be the primary source.of disagree- 
ment, although bubble size and time of' travel through the scrubber 
also influence the deposition. Measured deposition,in a.grounded 
cylinder was i n  much better agreement with theory than for 
deposition in a small sphere (bubble) 
that these measurements were for space charge migration, and 
deposition of particles, and should not be compared with deposition 
of charged particles in a high voltage gradient. 

It should be emphasized 

The parametric study of the electrostatic bubble scrubber was 
concluded with these measurements. 
performed to determine the deposition pattern of an electrostatic 
bubble scrubber of geometry similar to that used in the high level 
waste calcining research. 

Some experiments Will be 

DECLASSIFIED 
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BIOLOGY AND MEDICINE - 06 PROGRPM 

"REPERM" 
ance values in the ground water analog from permeability data, is 
essentially complet;ed, 
product of much effort in formulation and programming, carries out 
four essential operations: 

a computer program for determining the necessary resist- 

The programp which represents the end 

10 

2, 

3. 

4, 

The 

The three-dimensional region for which resistances must be 
specified is isolated thmugh using the several input functions 
describing the irregular boundaries of the project; ioeog 
basalt configuration, Columbia River coordinates, and water 
table configuration, 

The region defined in Step 1 is further subdivided into grid 
points to be interconnected by resistors, 

The value for each resistor is computed from input permeability 
and the geometrical shape of the soil elements simulated by 
each resistor, 

The results are summarized, and a list of resistor values, a 
wiring plan sheet, and a resistance decoding list are printed 
out u 

program was written in generalized.form to permit application 
to almost any flow system, 
lishing the %est*' analog. 

The first application w i l l  be.in estab- 

A series of three-dimensional cases was solved wi th  the "Steady-State 
Flow" Program to evaluate the possible piezometric head measurement 
errors resulting from using only sand between piezometers installed 
in cased wells rather than a cemented sealed-off zone. The evalu- 
ations for both homogeneous and heterogeneous soils and various 
head differences showed the sand pack could be used effectively in 
obtaining accurate head measurements with depth, 

A field test of the sand-pack installation was carried out in well 
699-10-El2 by filling in around four plastic piezometer tubes, set 
to different depths mth sand, The complete installation was 
carried out by two men in an &hour shift, The water level measure- 

. ments taken following completion of the work showed the head in the 
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lowermost tube t o  be 27 f ee t  greater than the  head a t  the  water 
table,  
i n  w e l l  699-20-El2, located two miles t o  the north, and two feet 
higher than tha t  observed i n  well 699-Sll-El2, located four miles 
t o  the south, 
ably and w i l l  a lso lessen the cost  of obtaining head measurements 
with depth, 

Work has progressed i n  developing methods f o r  describing unsaturated 
flow parameter curves with a single equation rather  than several  
equations and/or tabulated data which are  presently used.as input 
t o  several computer programs, 
input and afford increased computer storage. 
developed fo r  the degree of saturation-capillary pressure curves, 
and the same general equation can be applied t o  f i t  r e l a t ive  
permeability-capillary pressure data, 

Field work by Geophysical Service, Inc on contract  SA-269 w a s  
completed on schedule, Two l ines  were surveyed by refract ion and 
ref lect ion seismic methods, one southeast from the  Wye barricade 
and the other south from well 699-S6-E14, 
deliberately selected t o  provide the l e a s t  favorable geologic 
conditions a t  Hanford for  successful seismic work, 

This head difference i s  one foot higher than t h a t  observed 

This method of i n s t a l l a t ion  w i l l  speed up consider- 

This w i l l  result i n  a simplified 
F i t t i ng  methods were 

Both l i n e s  were 

Preliminary interpretat ion of results indicates a marked degree 
of success, appreciably exceeding expectations. Complete.results 
w i l l ,  however, not be available u n t i l  data a re  programmed and 
evaluated by computers i n  GSIcs home off ice  i n  Dallas, Texas, 

Data t o  date i n  general correlate  w e l l  with earlier geological 
interpretat ions,  Additional r e su l t s  were provided t h a t  loca l ly  
w i l l  s ignif icant ly  modify the geological picture ,  

Rotary drills, used by GSI fo r  shot-holes and f o r  d r i l l i n g  of 
w e l l s  f o r  logging purposes, proved completely feasible  and prsct ic-* 
able a t  Hanford even i n  the g lac iof luvia t i le  gravels'along the 
two l ines .  
minute and averaged about 32 f e e t  per hour, Costs appear t o  be 
l e s s  than $2,00 per foot  fo r  the  mud-drilled, uncased holes, 
Caving of the  gravels w a s  no problem f o r  a day o r  more following 
completion of d r i l l i ng ;  hence, time could be available f o r  logging 
of the well and ins ta l la t ion  of light-weight metal casing, 
p l a s t i c  casing, or piezometer tubes, E lec t r ica l  r e s i s t i v i t y  logs 
of the wells show considerable var ia t ion i n  the  geologic uni t s  
t h a t  suggests t h a t  such logs w i l l  more than o f f se t  the  loss  of 
qual i ty  of sediment samples taken during d r i l l i ng .  

Dri l l ing rates ranged up t o  nearly seven feet per 
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RAEIOLOGICAL AAr HEALTE CHEMISTRY -L 

During a ContrcJ2e2, aa5:olodine release expezlment conducted a t  
Idaho FaXs some smpi ing  was airompi;shed using Hanford equipment 
t o  provide daze bas,: t o  planning f C ‘ c L r E  E a f c z d  radiciodine 
release szxdies, I n  ekis resr 9°C m s  ~f Z=i3. was released over 
a 45-mznute ~ e r i o d  f-on f ive  generators spszed abcut i o 0  f e e t  
apart  irA a Line ar ti right angle Go t h e  k-iII6 d i ~ e e t i o n ,  Four 
samplers were p2acea rear the  cexxer l i n e  164 f ee t  from %he sources, 
f o w  sampkre a71 528 t e e : -  and m e  each at 656 and 9 ~ 9  feet ,  
s a ~ p l e s s  co-lezte2 hir a7 L ” E ? : ~ Y  of one to faur cubic f ee t  per 
minuze, 
l a t e  lod ine ,  a s ~ y - e r  mezh c3 remcve rea:tive gasecus iodine 
speclee s ~ h  as BZ s r ~ d  I;, and e2r;ivateci -.harxal t o  remove any 
remaxkrrg iodine, vege-atizn cres-*,ed whe6t .  was also . x l i ee t ed  
from a meascret gromd area ;L.~K i n  f ront  of eacn sampler, Some 
of the data ob-ained are  gz-i-en In the t a b l e ,  

These 

They c o n s i s - e d  of a membrane f i l t e r  for removing partieu- 

About 2C - 3t? psrceu-r cJf the Lodine wab  s s s o c x t e d  with pa r t i c l e s  
and w a s  remoc-ea by the filters; 50 = 6 C  percenz w a s  removed by the 
s i l v e r  mesh, and t h e  remainGer by the ehmcoai, About one-half of 
the Lodine depss2ted. an the ~ e g e Z ~ t i ~ n  was fcund on the  top one-half, 

Radiation ChemietrX - 

The variation of prster-:Lm index w i t h  temperature was studred 
w i t h  sodium ~ b t n . . ~ ~ , .  benzene and sodium b u r y 1  sulfate i n  order 
t o  obtain clues as z o  the aat.we of the rad ica l -captu ing  processes 
i n  i r rad ia ted  sqdesus s o l ~ i c ~ ~  The prctect ion indices of both 
s o d i m  nitrite and ss3.i~m ; a r y l  su l fa te  increased as the temperature 
of the sol-stian was &e:rease50 
found for  amins ac;ds, peptides and alcohols examined t o  date, and 
it is  interesclcg 2 3  obser;rc t n a t  compounds w i t h  such widely d i f f e ren t  
chemical s t ruztcree a3i shcw t h i s  e f fec t ,  6ennene on the  other hand 
appesrs 50 have a prore2Xicn index wh-ah 1s independen: of temperature 

T h i s  has been the general pa t te rn  
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although the data are less convincing due to the loss of benzene 
vapor from solutions during irradiation at high temperatures. 

One hypothesis to explain the.loss in protective ability of compounds 
as the temperature increases supposes that erioglaucine.has a large 
sheath of water coordinated about itself at even high temperatures 
while other compounds acquire this sheath only at low temperatures. 
One of the characteristics of a good protective agent might be to 
organize water about itself much like erioglaucine, 
have this sheath at all temperatures or not at any temperature 
since the temperature effect is zero or at least small ,  
have an extensive sheath in which electrons can move from benzene 
to a hydroxyl radical at the surface of the sheath, the availability 
of these electrons must be poor as benzene is not an outstanding 
radical scavenger, Sodium lauryl sulfate was chosen because as a 
detergent it might be expected to have an unusual organization of 
water about itself. No unusual feature was found, however, as 
reported above, and it is probable that sodium lauryl sulfate is 
more active in organizing other sodium lauryl sulfate about itself 
as in micelle formation than in organizing water. 

Benzene may 

If it does 

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol Sampling Study 

- -  Errors in sampling particles in five mile per hour air streams were 
experimentally determined for 25 micron (and somewhat larger) ZnS 
particles as a function of face velocity through the sampler filter. 
At a sampling rate 1/20 that for isokinetic.flow, the number of 
particles collected was over twice that which would.have been 
collected assuming that particle inertial effects were negligible. 
Even greater errors would be made at somewhat higher ratios of 
sampling rate to isokinetic rate, a result which requires,further 
verification. Measurements of reproducibility and statistical 
significance show that entirely satisfactory precision was attained 
for these results, 

ISOTOPES DEVELOPMENT = 08 PROGRAM . -  

_. . - Radiochemistry of Promethium 

A capsule has been designed for brief (s. 3 hour) irradiation of 
0,1 gram of U-235 in a production reactor to determine the independent 
fission yields of Pm-146 and the two Pm-148 isomers, Fabrication 
of the capsule will be initiated as soon as IF9 approval is obtained. 
Incidental to this work, a gamma counting technique for determining 
U-235 was developed, 
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I n  other promethium studies ,  a 0.121 mev gamma from promethium, 
which has been reported by several  workers, has been verified. 
Ratio of t h i s  gamma t o  promethim brensstrahlung was i den t i ca l  
fo r  8-year-old Brookhaven promethium and.2-year-old Hanford 
promethium, strongly implying tha t  t h i s  rad ia t ion  is associated 
w i t h  Pm-147 and not w i t h  Pm-146 or Pm-148. 
t h i s  point by gamma-beta and gamma-gamma coincidence counting. 
(Existence of a gamma of t h i s  energy and l o w  abundance does not 
a f f ec t  the  shielding requirements of promethium sources; however, 
i t s  ident i f ica t ion  would a i d  our understanding of t he  decay 
schemes and energy leve ls  involved i n  promethium decay.) 

It i s  hoped t o  resolve 

Pyrochemical Cerium-Trivalent Rare Earth Separation 

Laboratory results of t h e  i n i t i a l  s tudies  on t h e  thermal decom- 
posit ion of cerium(II1) n i t r a t e  using Mg( N O ~ ) ~ O ~ H ~ O  as a fluxing 
agent indicate  97 percent cerium recovery, This material had a 
pur i ty  of 85 percent as Ce02 (69 percent Ce) 

Manager 
Chemical Laboratory 

WH Reas: cf 
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A. 

B. 

ORGANIZATION AMD PVS 3 J N E L  

Seven summer h i res  reported t o  varicus operations i n  Biology during June. 

Dr. W. J. Bill ings,  Duke University, was assigned on the S m e r  Professorship 
Program t o  Radioecology. 

Dr.  F. P. Conte, Oregon S ta t e  University, was assigned on the %mer Professorship 
Program t o  Aquatic Biology. 

GENERAL 

The Symposium on the Biclogy of Radioiodine was held on June 17, 18, and 19. 
It was the second i n  the series, the first one being held i n  May 1962. 
One hundred and fo r ty  s c i e n t i s t s  from off-s i te  regis tered along with 75 on- 
s i t e  registrants.  From a l l  reports,  t h e  meeting was highly successf'ul. 

TECHNICAL A C T I V I T I E S  

FISSIOTJABLE MATERIALS - 02 PROGRAV 

Effect of Reactor Effluent on Aquatic Organisms 

The experiment t o  determine the effect  of two levels of e f f luent  concentrations, 
3 and 6%, and two types of corrosion inhibi tors ,  sodium dichromate and quachrome 
glucosate, on t h e  swimming performance of ycung chinook salmon has been 
terminated. 
was completed. 
d i f fe ren t  water veloci t ies .  
but gross comparisons of t he  treatment means dc not indicate  any s igni f icant  
effect  of e i the r  e f f luent  concentration o r  type of corrosion inhibi tor .  The 
overal l  mean performance f o r  a l l  treatment groups, within t h e  s i z e  range of 
56 t o  60 mm s'andard length, a t  1.8, 1.6, and 1.4 f p s  water ve loc i t i e s  were 
152, 459, and 789 seconds, respectively. 

A t o t a l  of 273 swim tests on 91 groups with 11 or 25 f i s h  each 
Each group was tes ted  f o r  duration of performance a t  th ree  

S t a t i s t i c a l  analysis of  t he  data i s  not complete, 

Vertan 690 

A t o t a l  of 1400 young t r o u t  and 280 chinook salmon were t e s t ed  f o r  acute t o x i c i t y  
of Vertan 690 t o  help evaluate the  biological  significance of  t he  proposed river 
disposal of 170,000 pounds of t h i s  chelating material a t  N reactor.  
of the 72-hour 10% tolerance l i m i t  (Lqg) were 1500 ppm and 2000 ppm Vertan 690 
f o r  trout and Chinooks, respectively. 
and l ibera l  safety fac tors  must be applied t o  f ix  an upper limit which w i l l  
not cause acute f i s h  k i l l .  

'Estimates 

These estimates serve as  rough guides, 

Considerable var ia t ion  i n  the  lethal respcnse w a s  observed, and the tes t s  
appeared t o  lack reproducibil i ty.  However, when the  r e s u l t s  o f  t h e  tests 
were s t r a t i f i e d  in to  early and l a t e r  tests, they suggested t h a t  Vertan 690 
has some l a b i l e  const i tuent  o r  const i tuents  which at tenuates  or loses  t o x i c i t y  
with time. 
t h a t  chemical changes occur with time. 

The color change i n  thP stock Vertan 690 solut ion a l s o  indicated 

i 2 3 3 3 b 0  UNCL ASS I F n D  
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B Algae grown on glass  p la tes  were immersed i n  solut ions containin 
concentrations of 3, 70, 300, and 10,000 ppm of Vertan 690 f o r  s2 
hours. No gross e f f ec t s  were noticed on the p l a t e s  exposed t o  3, 
70 and 300 ppm, but the algae were reduced and bleached on t h e  
plates  exposed t o  10,000 ppm. 

Concentrations (volume/volume) of Vertan i n  noma1 growth medium 
r e s u l t e d  i n  the  following e f f ec t s  t o  t h e  bacterium, E. -- col i :  

10,000 ppm Complete lysis of c e l l s  

1,000 ppm Strong growth suppression 

100 ppm No observable e f f e c t  on growth 

10 PPm Mild s t imulat ion.of  growth 

1 PPm Mild stimulation of growth 

Columnaris 

Sampling of f i s h  from the Columbia R i v e r  during t h e  month of June 
showed no pos i t ive  samples f o r  columnaris i n  the  first sampling early 
i n  the  month and less than 10% of the  f i s h  were contamhated i n  
l a te r  samplings. 
ac tua l ly  suffer ing fran a l e s ion  caused by t h i s  organism. 

From nearly 150 f i s h  only one appeared t o  be 

I n  contrast ,  f i s h  taken from the  Yaldma River a t  t h e  f i s h  t r a p  near 
Prosser showed near ly  100% pos i t ive  samplings f o r  the  presence 
of columnaris, and many of t h e  f i s h  showed heavy infec t ion  of  lesions.  
The above data were f o r  scrap f i sh .  
from downstream migrant chinook salmon but none of t he  salmon appeared 
t o  have les ions  suggestive of co lmnar is  infect ion.  
t he  v i c i n i t y  of t he  f i s h  t r ap  showed a count of 5 t o  50 colmnar is  
organisms per  m i l l i l i t e r  of water. 
of organisms i n  the  water a t  t h i s  ea r ly  time o f  t h e  year i s  
suggestive tha t  t h e  Yakma is, i n  this year a t  least, a primary 
source of this organism. 

Posit ive samples were a l so  obtained 

Water taken f r o m  

The extremely high concentration 

Weekly sampling of rainbow trout f r o m  t h e  Aquatic Biology troughs 
has consis tent ly  shown no evidence of columnaris t o  date. 
salmon reared i n  3 and 6% p i l e  eff luent  were tested f o r  t h e i r  
suscep t ib i l i t y  t o  t h i s  organism. 
did not increase the  suscep t ib i l i t y  of t h e  f i s h  t o  the  columnaris. 

Chinook 

The higher percentage of e f f luent  

\ 23331: 1 UNCLASSIFIED 
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BIOLOGY AND P E D I C I N E  - 06 PROGRAM 

PT”ABOLISM, T 3 X I C I T Y ,  AND TRANSFER OF R A D I C I A C T I E  MATERIALS 

Copper 

An experiment was i n i t i a t e d  t o  determine the LDg-~/30 f o r  cupric acetate i n  
rats. A n i m a l s  receiving 40 or 50 mg Cu++/kg, intramuscularly, died within 
four days. 
than 20 mg/kg subcutaneously, showed extreme hemoglobinuria during the  
first four days. 
post-mortem observation. 

Animals receiving more than 10 mg/kg intramuscularly, o r  more 

Extensive in te rna l  hemorrhaging was the  most prominent 

Iodine 

Increasing the s tab le  iodine intake of the  dairy cow t o  2 g/day ( low normal 
intake i s  3-5 mg/day) resul ted i n  milk concentrations of iodine j u s t  under 
10 mg/liter. 
t he  thyroid 1131 burden of the  experimental cows had increased 6 t o  8 times 
while t ha t  of the  control cow remained constant. Milk concentrations of 
1131 f o r  the  experimental cows increased 50 t o  75 per  cent i n  7 days following 
cessation cf high s t ab le  iodine feeding. 

Nine days following t h e  cessation of high s t ab le  iodine feeding, 

Histopatholcgical s tudies  were made on t i s s u e  specimens obtained from sheep, 
nine weeks af ter  a s ingle  dose of 1131, or exposure t o  X-irradiation of  the  
thyroid region. Radiation doses from X-irradiation ranged from 750 t o  4500 
r and f o r  1131, from 24,000 t o  90,000 rads. 
from the two types of radiat ion were not ident ical .  
degrees of vascular damage and f ibros is .  I n  addition, t h e  I exposed animals 
showed considerable f o l l i c l e  necrosis and inflammatory ce l l  i n f i l t r a t i o n  while 
m i n i m a l  changes of t h i s  type w e r e  observed i n  the  X-irradiated animals. 
Quantitatively,  2250 r X-irradiation was approximately equivalent t o  45,000 rads 
from the 1131. This 20-fold difference i s  probably related t o  differences 

The t i s sue  changes resu l t ing  
Both shfrfd varying 

i n  volume 
rad ia t ion  

Plutonium 

of t i s s u e  i r rad ia ted  (including peripheral  vasculature ) , t h e  
dose dist r ibut ion,  and rad ia t ion  dose rate. 

The e thyl  
plutonium 
employed . 

ester of DTPA was compared with DTPA for i t s  effectiveness i n  
removal i n  rats. An intraperi toneal  in jec t ion  of  0.5 mM/kg w a s  

This i s  one-third the  level  considered optimal f o r  DTPA. Higher 
doses of t he  DTPA ester were acutely toxic. 
t o  be generally in fe r io r  t o  DTPA. 
mM/kg of DTPA 
alone, pa r t i cu la r ly  as regards excretion via t h e  feces. 

Results showed the  DTPA ester 
However, combined administration of 0.25 

and the DTPA ester was somewhat superior t o  e i t h e r  agent 

Two white miniature swine w e r e  in jected subcutaneously on each foreleg with 
5 pc of P u 2 3 9 ( 1 V )  n i t r a t e  followed by a subcutaneous in jec t ion  of  5,000 un i t s  
of chymotrypsin. 
The proteolyt ic  enzyme did not cause any local ized t i s s u e  reac t ion  during 
the 16-day holding period nor did it appear t o  increase t ranslocat ion of  Pu239 
from the in jec t ion  s i t e  t o  the l i ve r ,  regional lymph nodes, o r  urine. 

The animals were held f o r  16 days and then sacr i f iced.  

1 2 3 1 3 5 2  I T  NCLASS I X E D  
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I n  a second experiment, t he  e f f e c t  of cold packs o r  tourniquets applied 
immediately following the subcutaneous i d e c t i o n  of 5 p c  of Pu239(Iv) 
n i t r a t e  was investigated. %e l iver  concentration while qu i t e  var iable  
showed no s ignif icant  effpct of t h e  treatment. 
of a tourniquet, there i s  an apparent reduction i n  the plutonium content 
of the  regional lymph nodes but s ince it cannot be correlated with the  
l i v e r  data, it i s  of questionable significance.  
may increase the plutonium content of t he  regional lymph nodes, but  
again there  i s  no corresponding e f f e c t  on t h e  l i v e r .  
t h a t  t he  use of e i the r  a cold pack or  a tourniquet i s  of questionable 
value . 

With the appl icat ion 

The use of  a cold pack 

It seems then, 

Inhalati on Studies 

One of four dogs exposed t o  Ce 1h-# aerosols nine months ago, died 
after showing two months of severe resp i ra tory  d i f f i cu l ty .  
l es ions  were found i n  t h e  lungs and heart. 
about one-third of t h e  2 p c  i n i t i a l ly  deposited. 
dogs show only decreased w h i t e  c e l l  counts a t  t h i s  t h e .  

Two dogs were exposed t o  about 500 mc of hU7 perchlorate, of w%ch 
about 8 t o  9 mc was deposited, as estimated f rm whole-body Bremsstrahlung 
counting. Two addi t ional  dogs received 
intravenous inject ion.  
t o  blood and urine. 
exposure, shows possible  lymph node pathology and high r ad ioac t iv i ty  i n  
t h e  lungs and l i v e r .  

Pathological 
A t  death the  animal'retained 

The remaining th ree  

9 rnc o f  t he  isotope by 
The isotope appears t o  be rap id ly  (hours) mobilized 

One 9.nhalationt1 dog, sacr i f iced a t  fou r  weeks post- 

Additional uranium ore exposures were made, using rats in jec ted  with 
atropine t o  reduce bronchial constr ic t ion.  
than i n  previous experiments. These animals are being used t o  study 
early clearance mechanisms. 

A dog which had an i n i t i a l  deposit  of 6 . 2 9 ~ ~  of P u * ~ ~  i n  its lungs, 
died a t  1,204 days post-exposure. 
d i s t r ibu ted  as follows: 
pancreas, 0.8%; heart, 0.4%; spleen, 0.3%; and other, 0.5%. 
calculated lung dose was 14,500 
highest plutonium concentration, 2 .h pc/g; lungs contained 5 x 10-3 pC/g, 
and bone, 5 x 10-4 pc/g. 

Milk Studies 

Amounts deposited were higher 

A t  death t h e  body burden was  2.13 PC, 
lung, 4%; bone, 18%; l iver,  5%; muscle, 3%; 

The t o t a l  
r. Bronchial lymph nodes had t h e  

A s  part of t h e  study on t r ans fe r  of Rb86 and Cs137 frun plasma t o  milk, 
concentration of these radionuclides i n  blood c e l l s  were determined, f o r  
comparison with plasma values. I n  two of t h e  animals, t h e  r a t i o  

concentration a t  equilibrium, for both Rb86 and C S ~ ~ ~ ,  was plasma concentration 
oximately three;  whil i n  a t h i r d  animal, t he  r a t i o  was over It0 f o r  
and over 10 f o r  C d - 3 7 .  This difference,  i f  confirmed, i s  nokeworthy 

f o r  two reasons: (1) t he  marked difference i n  t h e  concentrating abi l i ty  
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of the animal fo r  the two elements (Rb and cs) within the same group. 
Further s tudies  u t i l i z ing  these animals might be f r u i t f u l  i n  e l i c i t k g  
basic mechanisms of  c e l l  permeability and membrane transport ,  

Gastrointestinal liadiati on Injury 

Studies were in i t i a t ed  t o  determine the usefulness of t he  PCTR (Physical 

rats, i n  co l l aboa t ion  w i t h  the  Nuclear 
Instruments and %librat ions group. Results t o  date are l imited t o  
cal ibrat ion measurements which were somewhat disappointing as regards 
neutron/gamma rat ios .  
the G I  t r a c t  , using leakage of 1131-labelled pol : ,enylpprol idone as a 
measure of damage. 

Constants Test yeactor) f o r  biological neutron i r r ad ia t ion  s tudies  i n  
group and Xadiological 

Me hope t o  study the ef"ect of nuclear radiat ion on 

Cell Prol i ferat ion i n  Fish 

The study of c e l l  p r o l i f e m t i  i n  fish,  u t i l i z ing  abel led cmp0und.s 

The first phase of t h i s  study will include an experiment on LO s i lver  salmon 
yearlings i n  f resh water acclimated t o  10 C. 
o f  l abe l led  thymidine wi l l  be given and the f i s h  will be serially k i l l ed  t o  
determine the or igin and migration of cer ta in  cel ls  i n  the  followingtissues: 
g i l l  and pseudobranch, kidney, blood, thymus, mid-gut, skin, and spleen. 

(H3-thpidine3 H3-uraci1, 2-Cfc thymidine , and 2-C It u rac i l )  was in i t i a t ed .  

An intraperi toneal  in jec t ion  

This experimsnt will serve as a control f o r  l a t e r  s tud ies  i n  which t h e  f i s h  
will be subjected t o  environmental s t r e s ses  of hypertonic solut ion ( s a l t  
water) and X-irradiation. 
information on the t i s sues  of ten associated with rad ia t ion  damage, but a l s o  
should help t o  explain t h e  physiolcgy of osmoregulation i n  anadromous f i sh .  

This study should provide not o n l y  basic h is to logica l  

Plant Nutri t ion 

The removal of h 2 3 9  from acid and a lka l ine  soil was studied, using solut ions 
of ammonium acetate, n i t r i c  acid, and DTPA. I n  all cases much more plutonium 
was removed by the  treatment than was removed by plants  growing i n  t h e  so i l .  
Both 0.1 N HNO3 and 0.2 mM DTPA were qui te  effective, with n i t r i c  ac id  being 
most effective i n  acid s o i l ,  and DTPA l e a s t  e f fec t ive  i n  ac id  so i l .  
may be a function of s o i l  calcium content. 

Potassium ad e 

the surface, but  there  was no effect when t h e  C d 3 7  and potassium were mixed 
i n t o  the  so i l .  
when no effect of potassium was noted under any conditions. 
was added a t  t h e  rate of 500 pounds per acre. 

This 

with Cs137 t o  f i e l d  p lo ts  i n  1962 app, eared t o  reduce the  
uptake of C s  f 7  3 i n t o  bar ley when the Cs137 and potassium were added t o  

T h i s  r e s u l t  i s  not consistent with t h a t  obtained last year 
The potassium 

UNCLASS IF I ED 
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Plant Ecology 
2 

This  i s  about three times as much grass as the  
Above ground pa r t s  of cheatgrass harvested i n  May 1963 averaged 320 g/m 
of dry matter (60-65 C), 
same plo ts  produced i n  1962. 
more abundant fall-winter precipi ta t ion of t he  1962-63 cheatgrass growing 
season,, 
showed mature influorescences containing up t o  eight times more Se75 than 
leaves and culms on a weight basis. 

The increased y ie ld  is  a t t r ibu ted  t o  the 

Cheatgrass grown under f i e l d  condttions i n  a greasewood canmunity 

Fallout 

Fifty-one thyroids from deer and e lk  collected i n  California, Maryland, 
Montana, and New York were analyzed for  1131 during t h e  month; a l l  were 
below the detectable l i m i t  (0.01 nc I131/g w e t  w t  . One deer t h m i d  
from the  Hanford Reservation contained 0.22 nc I1 3 l /g  w e t  Wt. 

Preliminary data from one inland v i l lage  i n  Alaska indicates  an average 
increase, Over last  p a r ,  of 25% i n  t h e  Cs137 body burden. The maximum 
value obtained i n  1962 was 790 nc, and i n  1963, 1230 nc. The Eskimos of 
t h i s  v i l l age  u t i l i z e  la rge  amountsof caribou f o r  food and had higher body 
burdens i n  1962 than did members of other vil lages.  
v i l lages  and foods will indicate  whether t h i s  is a general increase o r  
spec i f ic  f o r  t h i s  vil lage.  

B t a  from other 

Population Dynamics - Waterfowl 

The annual survey of nesting Canada geese within t h e  Hanford portion of 
the Columbia River was cmpleted.  Gosling production t h i s  year was 
about 820, o r  17% greater  than las t  year and 4% h e l m  the  ten-year 
average. 
less than the ten-year average. F e r t i l i t y  o f  adul ts  was 98.4$, as 
estimated from complete nest  h i s to r i e s  and examination of  eggs. 
i s  comparable t o  previous observations and indicates  no detrimental 
effects upon the  b i rds  by t h e i r  residence within Hanford environs. 

There w e r e  26% more nests  (233 t o t a l )  than last year but 7% 

This 

A t o t a l  of 154 adu l t  and young geese and five deer fawns were banded 
and tagged i n  cooperation w i t h  state and federal  agencies. 

Sampling and Analysis of Natural Populations 

Study of vegetational sampling methods was contiriuod, Kith a small- 
scale invest igat ion of methods f o r  determining productivity of deser t  
shrubs a t  Rattlesnake Springs. 
weight of fol iage on sagebrush and hopsage, using sub-sampling methods 
i n  a probabi l i ty  sampling scheme, t o  avoid t h e  time consuming process 
of s t r ipping leaves from e n t i r e  shrubs. 

An attempt was made t o  estimate t h e  

Results w e r e  generally satisfactory, 
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and suggest t h a t  considerable gains i n  eff ic iency may be obtained by the  
sub-sampling process. 

S t a t i s t i c a l  analyses were conducted of radionuclide data fran Alaskan 
plants and animals, with pr incipal  emphasis on designing a sampling 
program for work planned i n  Alaska this summer. 

Acting k k  Manager 

BIOLOGY LABORATORY 

RC Thompson:es 
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TECHNICAL INERCHANGE DATA 
BIOLOGY LABORATORY 

I. SDeeches Presented 

a. Papers Presented a t  Society 14eetings and Symposiwns 

McClanahan, B.J. ,  D. H. Wood, and L. K. Bustad. Treatment of plutonium- 
contaminated wounds i n  swine. 
Physics Society, New York City, TJe Y. 
by Re C.  Thompson.) 

Eighth Annual Meeting o f  t he  Health 
June lO- lh ,  1963. (Presented 

Cushing, C. E. Filter-feeding in sec t  d i s t r ibu t ion  and planktonic food 
i n  the Plontreal River, Saskatchewan. Western Division of A.A.A.S. 
Xeetings, Stanford Univ., Palo Alto, CalFfornia. June 19, 1963. 

Rickard, 11, H. 1.lineral cycling by shrubs i n  southeastern Washington 
deser t  communities. Western Division of  A.A.A.S. Meetings, 
Stanford TJniv. , Palo Alto, California. June 19, 1963. 

Uhler, R. L. 
plants. 
of Plant Physiologists, Stanford Univ., Palo Alto, California. 
June 19, 1963. 

ChloraTphenicol imbibition of s a l t  absorption by i n t a c t  
Western Division of A.A.A.S. Pleetings, American Society 

Symposium on the Biology of Radioiodine, Richland, Washington, June 17-19: 

Hungate, F. P., J. F. Cline, and R. L. Uhler. Root and f o l i a r  
sorption of I13I by  plants. (Read by T i t l e )  

Wood, D. H., E. E. SLe son, and L. K. Bustad. Effect of route  of  
administration on 1'3' uptake. (Read by T i t l e )  

Casey, H W., A. C. Case, Re 0. I W l e l l a n  and L. K .  Bustad. Uptake 
of Te132-1132 i n  sheep thyroids and milk.  (Read by Ti t le )  

Bustad, L. K., D. He Wood, E. E. Elefson, H. A .  Ragan, and 
R. 0. ~ ~ c l ~ l l ~ ~ .  1131 i n  milk and thyroid of dairy c a t t l e  
following a s ing le  contamination event and prolonged da i ly  
administration. (Read by T i t l e )  

Hanson, W e  C., A .  '3. Dahl ,  F. W. Whicker, W. M. Longhurst, V. Flyger, 
S .  A. Davey and K. R. Greer. Thyroidal radioiodine concentrations 
i n  North American deer following 1951 - 1963 nuclear weapons tests. 

Ragan, He A., W. J. Clarke, R. 0. IkClellan, and L. K. Bustad. Effect  
of 1131 on reproductive performance i n  ewes. 

McClellan, R. O., W. J. Clarke, H, A. Ragan, De H, Wood, and Lo K. Bustad. 

Watson, E. C., I. C. Nelson, D. H. Wood, R. 0. McClellan, and L. K. Bustad. 

Comparative e f fec ts  of 1131 and X-irradiation on sheep thyroid. 

Effect of varying s tab le  iodine i n  d i e t s  of COWS fed 1131 on uptake 
of I1jl i n  man drinking t h e  milk. 
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b. Seminars (Off-Site and Local) 

Mahlum, D. Do 

M a h l ~ m ,  D. D. Biochemical effects of radiation. University of Washington 

Effects of radiation on cells. University of Washington 
Summer Ins t i t u t e  f o r  Radiation Biology, Seat t le ,  Washington. June 25. 

Summer I n s t i t u t e  f o r  Radiation Biology, Seat t le ,  Washington. June 26. 

c. Seminars (Biology) 

None 

d. Miscellaneous 

None 

11. Articles Published 

a. HW Documents 

None 

b. Open Li terature  

Bair, W. J., and G. D. Smith. 1963. Absorption of Sr9°S04 from the  
lung. Society f o r  Experimental Biology and Medicine Proceedings 113: 
16-17 0 

111. Visits and V i s i t o r s  

a. Visits t o  Hanford 

6/4/63 - R. hubenmire, Washington State  University, Pullman, Washington. 
To check f i e l d  p lo t s  with W. Rickard. 

6/5/63 - John B. Glude, US Fish and Wildlife Service, Portland. 
research with R. E. Nakatani. 

6/8/63 - Dr. Harold B. Finger, NASA, Washington, D.C. 
research with Dr. )I. A. Kornberg. 

6/10/63 - Dr. Dale Habeck, University of Hawaii .  
H. E. Erdman. 

6/11/63 - Approximately 20 facul ty  representatives of northwest universities. 
T o u r  and discuss graduate programs with H. A. Kornberg and staff. 

6/13/63 - C. Osterberg, Oregon State  University and Dr. Folsm, Scripps 
Ins t i tu te ,  La J o l l a ,  California. Discuss research wi th  
F. P, Hungate. 

6/14/63 - NASA v i s i t o r s  from Washington, D.C. 
discussed research with H. A. Komberg. 

6/U/63 - Mr. Kahl, Scient i f ic  Ins t .  Company, Los Angeles, California. 
Discussed plankton sampling equipment with C. E. Cushing. 

6/19/63 - Radioiodine Symposium Attendees (82) from various i n s  t a l l a t ions  
and countries toured t h e  Biology Laboratory. 

Discuss 

Tour and discuss 

Discuss research with 

Toured f a c i l i t i e s  and 

1 2 3 3 3 b 8  UNCLASSIFIED 



UNCLASSIFIED D- 10 HW- 78052 

a. Visits t o  Hanford (continued) 

6/25/63 - Portland Chamber of Commerce members toured Biology. 

6/25/63 - m. Morton I. Goldman, Nuclear U t i l i t y  Services, Wash. D.C. 
Discuss research with Biology staff. 

6/26/63 - John Austin, University of California, Berkeley. Discuss 

6/26/63 - m. Ben &iing, University of I l l i no i s .  Discuss research 

6/26/63 - 
6/26/63 - 

6/28/63 - D r .  Hooper (escorted by Dr .  Conant), Veterans Administration, 

research with R e  s. Nakatani. 

with R. E. Nakatani. 

Pullman. Check p lo ts  with W. Rickard. 

toured Biology with W. J .  Clarke. 
Pullman, ':lash. 

Washington, D. C. toured Biology with L. A.  Temple. 

D r .  R. Daubenmire and W. Sta r r ,  Washington S ta t e  University, 

3 Kiwanians and 5 Pakistanians accompanied by Pr. Cameron 
A l l  were from 

b. V i s i t s  aff-Site 

6/5/63 - 
6/6-6/13 - 
6/12/63 - 
6/15-20 - 
6/16-20 .. 
4/16-20 - 
6/20-21 - 
6/13 - 
6/2 2 - 6/20-9/1 - 

6/2L-25 - 
6/25-26 - 
6/27-28 - 
6/2 7 - 

R. 
R. 

L. 

R. 

C. 

14. 

L. 

R. 
W. 
L. 

F. 

D. 

L. 

P. 

- F. P. Hungate attended conferences regarding radioecology 
research i n  Idashington, D. C. Contacted CM Banes, USAF, 
and VanDyken, Schultz and Wolfe i n  the  AEC. 

E. Nakatani sampled f i s h  f o r  columnaris a t  presser Dam. 
c, Thompscn attended the Health Physics Society Meeting 
and presented a paper, and attended NCRP Committee 
Meeting i n  N e w  York. 
L. Eberhardt, C. Cushing, and W. Rickard col lected 
game specimens a t  the  Wooten Game Range, Dayton, Wash. 
L. Uhler presented a paper a t  the AAAS Meetings a t  
Stanford University, Palo Alto, Calif. 
E. Cushing presented a paper a t  t he  AAAS Meetixgs 
a t  Stanford University, Palo Alto, California.  
H. Rickard presented a paper a t  t h e  AAAS Meetings 
a t  Stanford University, Palo Alto, California. 
K. Bustad worked on the  ionizing rad ia t ion  study with 
Prof. Ruch a t  t h e  University of Washington, Seatt le.  
E. Nakatani sampled water along the  Y a w  River a t  Prosser. 
C. Hanson will be conducting wesearch i n  Alaska. 
Le Eberhardt discussed research a t  the  University of Washington 
Department o f  Math and Laboratory of Marine Mammals and 
the Fish and Wildlife Service. 
P. Hungate attended the  meeting on Columbia River Studies i n  

D. Yahlum gave two lec tures  a t  the  h m e r  I n s t i t u t e  i n  Radiation 

K. Bustad lectured a t  the  Summer I n s t i t u t e  i n  Radiation Biology 

A. Olson and M. P. Fujihara sampled water along the Yakima River 

Portland, Oregon . 
Biology a t  the Univessity of Washington i n  Seat t le .  

a t  the University of Washington i n  Sea t t le .  

n-ar Prosser. 
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IV. 

V. 

V I ,  

Achievements 

KO deqrees were earnedp 
occur. 

nor did any professional l icensing 

Honors and Reccgnitions 

None 

Professional Group o r  Organization Assignments 

None 

1 2 3 3 3 1 0  
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o r  ce r t i f i ca t ion  
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APPLIED MATHEMATICS OPERATION 

MONTHLY REPORT - JUNE,  1963 

ORGANIZATION AND PERSONNEL 

R e  Lo Buichborn returned t o  work on June 3 ,  1963, after completing the require- 
ments for  an K O A ,  i n  Bios ta t i s t ics  a t  the University of California, Lo D, Coffin 
t ransferred i n t o  the operation on June 1 from Electronic Data Processing Oper- 
ation, C&AO, 
assignment and Michael B ,  Woodroofe, a student at the  University of Oregon, 
joined the group for the summero 

Jon C. Stouffer, a technical graduate, joined the operation on 

OPERATIONS FESEARCH ACTIVITIES 

Work on the IPD Data System w a s  continued, The program to evaluate outage 
a c t i v i t i e s  w a s  somewhat modified and i s  i n  i t s  f i n a l  t e s t ing  and debugging 
state, Data inconsistencies continue t o  cause d i f f icu l t ies .  

Work on the Tri-City Area Economic Model continues,, 
data analysis and revision (in tha t  order), 
State  of Washington w a s  found t o  contain inconsistencies, 
e f f o r t  were required, working with state agencies, t o  straighten out t h a t  
problem, 

Emphasis has been on 
Employment data furnished by the 

Some time and 

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR CYI!KER HAP0 COME'ONE3VTS 

N-Reactor Department 

S t a t i s t i c a l  analysis of data on longitudinal w e l d  cracks i n  KPR primary piping 
has been completed, The r e su l t s  were forwarded fo r  inclusion in a document 
which covers a l l  relevant aspects of the problem, 

A systematic sequential  sampling plan w a s  derived for determining whether 
the proportion of defective pa r t s  i n  cer ta in  N-reactor equipment w a s  within 
acceptable limits, "he sequential nature of the plan reduces t h e  amount of 
sampling great ly  when the proportion i s  excessively high o r  substant ia l ly  
lower than required. 

A t e s t  was designed t o  determine whether there are s igni f icant  differences 
between l o t s ,  between s t r i p s  within l o t s ,  and between times of manufacture 
with regard t o  dimensional character is t ics  of support pa r t s  f o r  N reactor  
f u e l  elements, 

DECLASSF If D 
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An analysis was made of employee a t t i t udes  resu l  
depart men t survey . 5 obtained by a pecial  

I r radiat ion Processing Department 

Analysis of considerable amounts of diffusion data from the hot-die-sizing 
end-bonding t e s t  showed t h a t  the  depth of the A l - N i  diffusion layer  and the 
type of bond depend quite strongly on time and temperature. The data gave 
consistent resu l t s  throughout the  extensive range of measurement which 
included most of the fuel element bonding layers. 
included prediction f o m l a e  from which the experimentor can determine t h e  
canning conditions which lead t o  the  des i red  bonding character is t ics ,  

The reported r e su l t s  

A study i s  being made t o  determine whether t he  transformations now i n  use on 
measurements made f o r  t h e  quarterly audi t  of non destructive bonding in t eg r i ty  
measurements using the MERCY program are adequate fo r  s t ab i l i z ing  the  variance. 

Results from t h e  analysis of a sector  probolog tes t  indicate  t h a t  several  
factors  such as the speed, pressure, and flow af fec t  t he  value of the probolog 
reading . 
Assistance was given i n  the interpretat ion of MERCY r e su l t s  on a C-basin 
instrument which measures fue l  element i n t e rna l  diameters . 
Assistance w a s  given i n  the in te rpre ta t ion  of t he  operating charac te r i s t ics  
of the  present acceptance specifications f o r  the percentage of U-235 i n  
na tura l  and enriched uranium. It w a s  determined t h a t  while the procedure 
gives very l i t t l e  chance of re jec t ing  a good ingot, it a l s o  has very l i t t l e  
power t o  detect  out-of-specification ingots under many conditions, 

A discussion w a s  held regarding the proper analysis of data which will be 
forthcoming from a tes t  t o  compare the f a i lu re  rates of cold versus id l ing  
turbines exposed t o  immediate and heavy demand s i tuat ions.  

The designs of several  forthcoming production tests which will compare o i l  
versus water-quenched , vacuum outgassed versus normal, and induction versus 
salt heat t r ea t ed  f u e l  elements w e r e  discussed with in te res ted  personnel. 

Work i s  continuing on the problem of determining the  d is t r ibu t ion  of minimum 
annuli when there i s  e l l i p t i c i t y  i n  the f i e 1  elements, 

Mathematical assistance on the  development of t h e  process tube t ravers ing 
mechanism w a s  concluded t h i s  month., 

P. 5 :.a* 
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The use of cumulative sum contrt, charts w a s  adoptei f o r  both detection of 
any s h i f t  i n  the average PU-240 content of weapon components using neutron 
counting measurements and of any difference between neutron counting and 
mass spectrograph measurements. 

Current s t a tus  of minor consti tuent (70-58) content control indicates  not 
only w i l l  100% inspection be required but a l so  rep l ica te  measurements w i t h  
t es t  limits inside specif icat ion limits, 

For de l ta  components a current problem is t h e  apparent lack of dimensional 
s t a b i l i t y  under thermocycling, 
parameters w i t h  measured dimensional change f a i l e d  t o  c lear ly  demonstrate 
the controll ing parameters. 

A preliminary examination of process 

The use of thermoinic emission mass spectrographic measurements f o r  t he  
estimation of U-235 content of deplleted U03 shipment w i l l  be discontinued. 
Measurement on a s ingle  depleted and all enriched shipments w i l l  be made t o  
provide some degree of independent confirmation. The U-235 content of 
shipments are t o  be determined by the receiver. 

The poss ib i l i t y  of es tabl ishing the cal ibrat ion of t h e  slag and crucible 
neutron counter by dissolution of a l imi t ed  number of s l ag  and crucibles 
having widely varing plutonium content w a s  suggested t o  operations. 

STATIST1 CAL AND MATHEMATICAL ACTIVITIES WITHIN HANFORD LABORATORIES 

2000 Program 
c 

Further analysis w a s  done on the  organic volume fract ion p ro f i l e  data from 
a block of 48 experimental runs on the  pulse column. 
matical function expressing organic volume fract ion as a function of l i n e a r  
posit ion i n  the column has been f i t t e d  t o  each of these runs, Current 
e f f o r t s  are  directed a t  correlat ing the  t h r e e  parmeters  of t h i s  function 
w i t h  t he  s i x  independent variables,  extractant  stream temperature , ext rac tan t  
stream acid concentration, feed stream concentration, feed stream and 
extractant  stream flow rates 
operating conditions of the column. A variable, thought t o  be of importance 
i n  control l ing the operation of BD extract ion column, i s  t h e  column pressure 
drop which i s  routinely measured fo r  production columns. 
analysis i s  i n  progress using the  above mentioned 48 experimental runs t o  
correlate  the column pressure drop with the independent driving variables  
t o  see Exactly which of these variables can be predicted from pressure drop 
data. 

A gamma type mathe- 

and pulsing frequency, which determine the  

A regression 

-<<- 4-r .ai. . n DECLAS- 
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A new boundary value approach i s  being taken toward t h e  solution of t he  non- 
l i n e a r  system of second order d i f f e ren t i a l  equations which express t h e  mass 
t ransfer  of uranium from organic t o  aqueous streams i n  the  column. 
the column i s  broken up i n t o  a large number of s m a l l  compartments i n  which t h e  
system of d i f f e ren t i a l  equations i s  assumed t o  be l inear ,  A smooth t r ans i t i on  
i s  made across compartment coundaries by forcing concentrations and concen- 
t r a t i o n  derivatives w i t h  respect t o  column posi t ion t o  be equal on the  
boundary. 
and at the extractant  and feed stream ports t o  render a unique solut ion t o  
the  system. 
system of 4K equations where K i s  the  number of compartments t o  a set of 4 
simultaneous l i nea r  equations, which can be solved on the  7090. 

Conceptually 

Suff ic ient  data i s  available a t  t he  top and the  bottom of t h e  column 

An algebraic manipulation is  i n  progress t o  reduce the resu l t ing  

A design w a s  constructed fo r  an experimental program t o  invest igate  the  
chemigtry of hydrozine reduction of [N The suggested design consis ts  
of a one-half rep l ica te  of a 3425 f r a c h o n a l  f a c t o r i a l  experiment. 
be invest igated are [H+] a t  three leve ls ,  [N03-] at two l eve l s ,  [Fe+++] at  two 
leve ls ,  hydrozine concentration at two leve ls ,  temperature at two leve ls ,  and 
[SO4--] at two levels.  The experiment is  complete with respect t o  a s i x t h  
factor,time,as [N measurement w i l l  be taken t e n  minutes a f t e r  t h e  i n i t i a -  
t i o n  of the experfment and a second equilibrium concentration w i l l  be taken 
about s i x  hours l a t e r .  The experiment i s  of a screening nature t o  determine 
whether or not t he  var iables  have a pronounced influence on the  reduction 
process, More detai led experiments w i l l  follow where the invest igat ion is 
l imited t o  those var iables  known t o  be of importance. 

"he fac tors  t o  

Consultations were held concerning the  physical implications of cer ta in  
assumptions t h a t  might be made on mathematical models of t h e  s t ress -s t ra in  
re lat ionship for metals. 

Functional re la t ionships  between isotopic  ac t iv i ty  and downstream tube loca- 
t i on  were determined f o r  seven isotopes based on a harmonic-type regression 
model., The r e s u l t s  characterized the  activity-location r e l a t ion  as being 
peaked above t h a t  of a cosine model but with no indicat ion of skewness., The 
t o t a l  ac t iv i ty  estimate obtained by integrat ion w a s  found t o  agree w e l l  with 
those obtained by other  and more d i rec t  methods, 

3000 Promam 

An improved ins ide  contour 
numerically. controlled Gorton l a the  prototype, 
thoroughly t e s t e d  on the  lathe i t se l f ,  

ins t ruc t ion  tape has been developed f o r  the 
The tape has not ye t  been 

Work continued on the development of an EDPM program t o  produce magnetic tapes 
f o r  t he  numerical control  conversion of t he  Sheffield rotary contour 'gauge, 
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4000 Program 

A number of sets of Ziess pa r t i c l e  s i z e  data,  pore s ize  d is t r ibu t ions  from 
photographs of cross section i r rad ia ted  uranium, were analyzed w i t h  t he  
Fortran language program SWELL t o  determine the three dimensional pore 
size d is t r ibu t iona l  properties and estimate f i ss ion  gas void f rac t ion ,  
f iss ion gas density and t o t a l  number of atomso 

A computer program for  numerically invert ing a Laplace transform w a s  
writ ten,  
a Lagrange polynomial i n  1 / P  t o  the  transform of the  function. 
w a s  t r i e d  on three transforms with known inverseso 
and moderate ranges of the  independent variable the  r e su l t s  were good but 
for  ra ther  complex inverses or a large range of t he  independent variable the 
accuracy w a s  unsatisfactory. 
two other methods, 
of Laplace transforms w i l l  be t o  t h e  spray calciner,  

The method upon which t h i s  program i s  based consis ts  of f i t t i n g  
This method 

For simple inverses 

Work has begun on computer programs based on 
The immediate application of the numerical inversion 

The pa r t i c l e  s ize  and r e l a t ive  amounts of each s i ze  of p a r t i c l e  were 
evaluated fo r  f ive  different  tubular fue l  elements. The computations w e r e  
based on a single model of packed spheres having a density r a t i o  of sphere 
volume t o  tube volume of 90% f o r  t h e  three-size model and 95% fo r  the  
four-size madel. 
93.3% for  t h e  three-size model. 

A previous experiment has yielded a density r a t i o  of 

In  the course of providing assistance t o  Chemical Research and Development 
t h e  veloci ty  poten t ia l  i n  a ground water diffusion problem w a s  evaluated 
symbolli ca l ly  , 

A se r i e s  of discussions were held on the  construction of mathematical models 
of and numerical methods f o r  solving several  problems on ground water f l aw,  

A regression analysis i s  being done of plutonium homogeneous spherical  
c r i t i c a l  mass experimental data t o  determine the r e l a t ive  merits of several 
reactor  physics code systems which theore t ica l ly  calculate  k,, and c r i t i c a l  
mass. It is hoped t h a t  t h i s  study w i l l  show which of t he  systems does the  
best  job of simulation f o r  t h e  plutonium homogeneous spherical  system and 
t h a t  it will point  up any inconsistencies i n  the physics and chemistry input 
data. 

7000 Program 

Effor t  i s  being directed toward improving the method fo r  estimating indi- 
vidual radionuclides i n  t he  IRA system, A Monte Carlo program is being used 
t o  note t h e  e f f ec t  of changes i n  channel grouping of t he  energy spectra ,  of 
var ia t ion i n  the  length of counting periods,  and, of inclusion i n  the  model 
of extraneous nuclides, 
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Improvements were made i n  the program GEM and a new deck placed i n  t h e  SPL 
l ibrary  f o r  convenient use. 

A program w a s  wri t ten t o  t e s t  a truncated range o u t l i e r  test  using Monte 
Carlo techniques. 

"he f i n a l  rough d ra f t  of the forms1 report  HW-76279, "Fixed Time Estimation 
of Counting Rates With Background Corrections" i s  now being typed, 

Work on the program t o  index hexagonal and te t ragonal  c rys ta l s  using powder 
patterns w a s  documented i n  June as HW-77714, 
problem of speeding up the program t o  index orthorhombic c rys ta l s ,  

Debugging has just s t a r t ed  on this program, 

Work i s  continuing on the 

Assistance was provided i n  compiling and using a program t o  analyze c rys t a l  
s t ruc ture  , 

6000 Program 

Work w a s  s t a r t ed  on a problem of deposition of material  from t h e  atmosphere. 
It i s  assumed t h a t  t h i s  deposition r e su l t s  from random one-dimensional motion 
of pa r t i c l e s  which have been released from a source a t  o r  above the  ground. 
A computer program f o r  such a process has been wri t ten and is  near ly  
operational,  

Work was begun on a theo re t i ca l  development of some aspects of distance 
s amp l i n g  

A stat is t ical  analysis of data from experimental s tud ies  being conducted by 
Biology on Tribolium w a s  i n i t i a t e d ,  The e f f ec t s  of x-irradiation, tempera- 
t u re ,  time, species (Tribolium confusum and Tribolium castaneum) and group- 
of species (separate o r  mixed) on the number of adui t  progeny by mating 

. pa i r s  of Tribolium are being investigated,  

A sampling plan w a s  out l ined t o  calculate  t h e  precision with which the  loca- 
t i o n  and elevation of project  wells caa be determined, This information i s  
needed t o  assess s t a t i s t i c a l l y  the  several  sources of var ia t ian  t h a t  may 
en te r  t he  in-place measurement of the  permeability d is t r ibu t ion  f o r  the  
project  

Man age r 
Applied Mathematics 

CA Bennett :bsh 
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PLUTONIUM RECYCLF: PROGRA?? 

Curium-244 production 

The computations fo r  the study of ~m-244 production i n  cent ra l  s ta t ion  power 
reactors aye being completed. 
final form. 
a code t o  organize, summarize, and p lo t  the  results. 
results of extensive e f f o r t s  t o  es tab l i sh  equitable dol la r  values fo r  Pu-239, 
Fu-24C, ?AI-241, Pu-242, and Am-243, a more llmited def in i t ive  study w a s  
desigrrel! t o  complete this par t  of  the program. 

All codes and data tapes were brought t o  
The balmce of the e f fo r t  has been i n  the  direct ion of writing 

After examining the 

Fuel Consemtion Calc-dations 

The conservation of f i s s i l e  material i n  a var ie ty  of reactor types for  both 
batch and graded i r rad ia t ion  was studied. 
t i on  methods are idealized extremes that w i l l  bracket most prac t ica l  methods. 
I n  batch i r radiat ion,  a l l  of the  fue l  i s  placed i n  and discharged from the  
reactor as a unit  although it may be shuffled during t h e  i r rad ia t ion .  
graded i r rad ia t ion  fue l  is  charged and discharged continually. 
cycle presumes t h a t  the excess neutrons are absorbed i n  the  control system 
while i n  the graded cycle no neutrocs a re  l o s t  t o  the control system. 

The reactor simulations considered so far are as follows: 

The batch and the  graded irradia- 

In  
The batch 

102 - D20 moderated, zirconium clad 

104 - H20 moderated, zirconium clad 

105 - %O moderated, high fast e f f ec t  

108 - 5 0  moderated, s t a in l e s s  s t e e l  clad. 

Note that i n  the  MEUAGER burnup code used i n  this study, the  fast f i ss ion 
factor  € i s  an arbitrary input number. 
obtained f r o m  number 104 by chainging € , the  fast f lss ion factor,  f’rom 
1.03 t o  1.10. 
essent ia l ly  the  product 7(f’p. Thus, t o  obtain the  formula & = ?€ fp ,  a 
value f o r  the  fast f l s s ion  factor  m u s t  be supplied.) 

Therefore, reactor nuuiber 105 was 

(The Westcott reaction r a t e  formula used i n  M E R  gives 

bur di f fe ren t  fue l  conservation indices are computed i n  this analysis. 
are similar i n  t h a t  each i s  the  r a t i o  of the  heat produced during the  
t i on  i n  megawatt days (Mwd) t o  some amocnt of fissile material i n  grams. 

They 
i r rad ia-  
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They d f f f e r  by the manner in which this l a t t e r  amount I s  determined. 
kind of formulation is  par t icu lar ly  convenient because neutron induced 
f iss ioning of one gram of U-235 and essen t i a l ly  all heavy isotopes will 
produce very nearly one megawatt day of heat.  

The fuel conservation indices have been assigned the  symbolsy/, ynet, 
2' and T - which are defined as follows: 

This 

(1) ?y = heat produced per  gram of U-235 contained In  the na tura l  
uranium as IF6 required in the diffusion cascade t o  
supply the  enrichment for  t he  reac tor .  

(2)  y n e t  = heat produced per gram of U-235 i n  natural uranium minus 
t he  flssile grams of plutonium discharged from the reactor .  
(That I s ,  the  same as v e x c e p t  that a c red i t  is taken for 
the  flssile plutonium available t o  a fast breeder.)  

(3) = heat produced per  net fissile gram l o s t  where the  U-235 
I n  tails composition uranium as w e l l  as that which 
absorbed a neutron I s  considered l o s t ,  

(4) rmax = heat produced per f i s s i l e  &ram actually destroyed durlng 
the  burnug. 

Table I shows values for these Indices for both batch and graded i r r a d i a t i o n  
in reactor  simulation number 104 for a range of initial enrichments. 
that, although five indices are  presented the flnal figure, M/t natura l  
uranium, is merely a multiple of y. 

Note 

The general behavior of the  four conservation Indices I s  i l l u s t r a t e d  by 
the data of Table  I. 
c o n t i n e  ~ n d  increases contin-, w h i l e  T and v n e t  increase t o  a 
rnmdmm and then decrease with fb-ther Increases I n  enrichment. Also shown 
in Table I is  the  f u e l  cost  for each enrichment which, as is w e l l  known, 
decreases t o  a minirmrm and then increases with f'wther increases in the 
enrichment. 

With increasing i n i t i a l  enr ichment , r -  decreases 

The influence of reac tor  type is shown I n  Figure 1 wherein t h e  c o n s e m t i o n  
Index T i s  shown for the  four reactor  types studied. 
w e r e  obtained by considering a tails composition of 0.253$ which corresponds 
to the  present AEC! uranium pr i ce  schedule. 
t h a t  t he  e t u d e  o f r l s  qu i te  strongly dependent on reactor  type. 
apparent that the  exposure for w h i c h y l s  a 
reactors  with poorer neutron economy. 
applied t o  plutonium recycle Abel lng eystems which Will include successive 
recycle.  

Note t h a t  these data 

It can be seen f r o m  Figure 1 
It I s  

This analysis technique is now being 
is greater in t h e  
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F-5 HW-78052 

Bred Fuel Value 

It has been shown ( in  HW-72219) that the d u e  of the  plutonium bred i n  a 
thermal reactor i s  proportional t o  the pr ice  of fully-enriched uranium 
(per gram of U-235 contained) in the AEC pr ice  schedule. 
fue l  cost of ignoring this finding was investigated fo r  graded i r r ad ia t ion  
i n  a water-moderated- and in a heavy-water-moderated-reactor simulation. 
The minimized f’uel costs were calculated for  varIou6 natural uranium cos ts  
and the results are shown in Table II. 

Table I1 shows the i n i t i a l  enrichment, the exposure, and the fue l  cost  for 
minimum fuel cost operation considering both a fixed plutonium credi t  of 
$8 per gram and a credi t  equal t o  two-thirds of the pr ice  of 9 6  uranium. 
Evidently, neglecting t o  adjust the plutonium credi t  with an increase i n  
the pr ice  of uranium cau cause a s ignif icant  difference In the fue l  cost  
when the pr ice  of natural  uranium i s  above $50 per kilogram. Note t h a t  
this difference would be even greater i f  t he  camparison is  made between 
cases having the  sane enrichment ra ther  than the minimized cases. 

Table 111 shows the  uni t  plutonium credi t s  t ha t  correspond t o  the  feed costs 
shown i n  Table II. 

The ef fec t  on the 

TABU III 

UNIT PLVTONNM CREDZS COREESPONDING TO THE FEED COSTS 

Cost of Natural U n i t  P l u t o n i ~  Credit RUal t o  Two-IFhirds 
U r a n i u m  as UF6, the Price  of go$ Enriched Uranium,* 

$/kg of u $/gram of Plutonium 

10 .OO 
23.50 
30 AO 
50.00 
75 *OO 
100 e 00 
200.00 
500.00 

1,000.00 

5 -85 
8 .oo 
8.91 
u .51 
14.50 
17 -34 
28.06 
58.19 

106.69 

* Assuming $30 per kilogram of wanium separative duty cost .  

1 2 3 3 3 8  I 
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Analytical Representation of the Westcott Non-P/v Factors 

The study t o  determine the best way t o  analyt ical ly  represent t he  Westcott 
non-l/v factors g and s w a s  concluded. It w a s  learned t h a t  a sat isfactory 
method would be t o  i n s t i t u t e  a s ix th  order polynomial t o  represent the  g 
factors  and a flf'th order t o  represert  the s factors .  The basis o f t h i s  
decision is shown i n  Tables N and V wherein a figure of merit (applied 
a f t e r  the best  Peast squares selection has been made for each order) is 
shown for  each order of fit fo r  t he  parameters of seven d i f fe ren t  isotopes. 
"he figure of merit F I s  defined as: 

where 

m =  

N =  

ci = 

That  is, the 

order of the polynomial 

number of empirical data points 

difference between the  polynomial representation of the  
i t h  data point and the  empirical value. 

figure of merit i s  the  product of the  average absolute e r r o r  
per point and the  order of the  polynomial so t ha t  the  value of increasing 
the order by one can be estimated. Note t h a t  this formulation does not 
provd.de mesrringful comparisons between the representations of d i f fe ren t  
isotopes but only between d i f fe ren t  ozder representations of one isotope. 
Also, because s is, i n  a MELEAGER computation, multiplied by r -0 a number 
of order 0.1 0- the  accuracy of s need not be as good as fo r  g. 

Computer Code Development 

A revised computation of r ir MEUXGEB and the  removal cross sect ion fo r  
neutrons fKrm the  epfthermal t o  the thermal. group i n  Al2HAEA has been coded 
and debugged, but not yet incorporated i n t o  the  chain system. The value 
of r calculated i n  MEXXAGE33 and i n  LmHAEA can now be calculated with less 
external  cal ibrat ion 

PLO!EER has been revised t o  permit calculation of special  propert ies  tab les  
f o r  as many selected intermediate time periods as desired. Purity and heat 
production a re  now based on input data and are  thereby generalized t o  permit 
calculations fo r  f i s s ion  products or other heavy elements as well as 
americium and curium. 

1 2 3 3 3 6 3  
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A revised version of the service routine RDYP i s  now ir use. 
permits a c u i n g  routine t o  determine i f  a tape is ready before it is  
selected for reading or wrLtiag. A second entry, lXDl!P, has been added 
which permits a call ing routine t o  unload ~ n y  tape. 
subro=ltine w i l l  minimize operator errors ana progrsm dews due t o  tapes 
not being ready. 

The routine 

Sraper use of this 

High !Penperatme Lattice T e s t  Reactor 

The design cr i ter ia ,  HW-76928, for the heatizg and cooling of the E F U R  
were revlewed. 
inciudixig r edx t ion  of the core heating i q u t ,  e U z a t f o n  of the saturable 
reactor for heating control, esargement of the cuoUzg system, and provision 
of a c o o h t  backup for the gas system. Fhese changes were, in general, 
favorably received i n  a June 27 discussion with members of E and CE&UO. 

A nmber of changes i n  the proposed equipment were recommended, 

Synchronoas Motors (Fow, 3500 h.p. Unite) for River Pump 6 9  N-Reactor 

Performace shortcomL~!s of the original motors have beer asalyzed and 
reported during the past year. 
Hanford by the manufacturer (Fairbariks-Morse). 
on the rebuilt motor have showed the performance substantially improved. 

&e motor has been rebuilt and returned t o  
Factory and f le ld  test data 

All aepects of performance which were formerly unsatisfactory w e r e  discussed 
a t  a meeting w i t h  representatives of AEC-RLOC, GE, Kaiser, md Burns and Roe, 
and acceptaace of the rebuilt motor recomended. 
disagreenmit, it is  eqec ted  the motor w i l l  be accepted as recommended. 

Since there was no 

W C  I - Fission Product Cask - Proposed Buffer Redesign 

The prqosed redesign of tke impact-absorbicg buffer has been reviewed, 
and a number of changes recommended. Also the  supports used under this 
and the HA30 11 cask during shLpment have been crackirg. 
have showc this t o  be the result of r e s o n a t  vi3ration aud a different type 
support t o  eliminate the cause of cracking has been recommended. 

calculations 

M. k w i s : J m  

1 2 3 3 3 8 b  
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RADIATION PROTECTION OPERATION 
REPORT FOR THE MONTH OF JUNE 1963 

A. ORGAIOIZATION AND PERSONNEL 

G. E, King transferred from Radiological Development and Calibration t o  
T o  L. Ryan accepted an assigwent  with Composite Dose Studies and Records. 

RD&CO u n t i l  mid September when he returns t o  school t o  begin s tudies  under 
an AEC Health Physics Fellowship. D r ,  Ben B o  Ewing, Professor of Sanitary 
Engineering at the  University of I l l i n o i s ,  and Harold N. Hauser, ins t ruc tor  
at Columbia Basin College, joined Environmental Studies and Evaluation fo r  
the  summer. 
secretary. 
W. Po Howell joined Radiation Monitoring as an Engineer. 
RMO, terminated. 
Technical Graduate. Blaine A .  Barron, David L. Heffner, Kenneth B, Free, 
and Richard J, Bresina joined Composite Dose Studies and Records f o r  the  
summer 

S. A, Hodgin joined the External Dosimetry Operation as a 
D. E. Newman rotated in to  ED0 as a Technical Graduate. 

W. M. O'Bryan, 
L o  A .  Braby rotated in to  Radiation Monitoring as a 

B. ACTIVITIES 

Occupational Exposure Experience 

The t o t a l  number of individuals who have received in t e rna l  plutonium 
With the  resignation of one employee, the  deposition at Hanford i s  318. 

number of these deposition cases currently employed remains at 229. 

During the month there w a s  one HL incident involving 13 employees and 

The following is  a br ie f  description of 
one CPD incident involving a s ingle  employee all requiring special  bioassay 
sampling f o r  plutonium analysis,  
these incidents. 

Twelve HL employees and one CPD employee uere exposed t o  air-borne 
plutonium contamination from 3 x 10-12 PC Pu/cc t o  4 x 10-9 pc Pu/cc 
fo r  one t o  eight hours at the 231 Building on June 10. The air con- 
tamination w a s  detected through the  regular processing of routine 
room air samples about 24 hours a f t e r  col lect ion of the  f i l t e r  samples. 
The contamination apparently resul ted from work with UO2PuO2 p e l l e t s  
i n  t h e  a rc  melt furnace hood. 
revealed contamination t o  30,000 d/m on one of t he  hood gloves and on 
an employee's surgeons glove. 

A contamination survey at t h a t  time had 

A CPD employee received f a c i a l  contamination of b0,OOO d/m during the  
disposal of plutonium analyt ical  samples at the  234-5 Building on 
June 28, 
resul ted i n  a sp la t te r ing  of plutonium n i t r a t e  solution, contaminating 
h i s  protective clothing and face. 
f a i l ed  t o  reduce the contamination t o  less than 10,000 d/m. After 
application of a l i qu id  bandage a t  the  200-West Area F i r s t  Aid f a c i l i t y ,  
he was released by the indus t r ia l  physician. 

Removal of a cork stopper from one of the  sample bo t t l e s  

Extensive decontamination e f f o r t s  

1 2 3 3 3 8 1  UNCLASSIFIED 
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Also during t h e  month s i x  employees were involved i n  minor incidents  requir- 
ing evaluations by In te rna l  Dosimetry personnel fo r  t r aces  of in te rna l ly  deposited 
nuclides, A l l  results were negative. 
i n  the  whole body counter fo r  an indication of t h e  deposition of act ivat ion 
products, two employees submitted urine samples f o r  uranium analysis ,  and one 
employee was examined w i t h  the  wound counter f o r  evidence of f i s s i o n  products 
i n  a minor injury.  

Three of t h e  s i x  employees were examined 

Several other incidents of significance which occurred during t h e  month are 
summarized below. 

A s m a l l  par t i c l e  of f i s s ion  product contamination w a s  detected on t h e  
skin of a CPD employee following decontamination work on a Purex canyon 
crane on June 11. Based on radiat ion monitoring dose rate measurements 
and t h e  maximum estimated time of exposure of one hour, dosimetry calcula- 
t ions  indicated tha t  t he  beta dose t o  a small area of skin ( <  1 cm2) on 
t h e  shoulder of the employee may have been as high as 450 rems. 

Regular processing and evaluation of t he  f i h b a d g e  dosimeter worn by 
a HL maintenance employee at t he  RMO f a c i l i t y  f o r  t he  four week badge 
period ending June 1 4  showed a gamma dose of 1.2 rems. 
t h e  four week operational control tha t  limits the whole body dose t o  one 
rem (RPS No. 3.1). Preliminary invest igat ion of t h e  employee's work 
a c t i v i t i e s ,  which consist  of maintenance planning and scheduling, fa i led 
t o  provide an explanation f o r  t h e  exposure. 
dose f o r  t he  calendar year t o  date, including t h i s  exposure, w a s  1.8 rems. 

The dose exceeded 

The accumulated whole body 

A survey of t h e  ground i n  the  v i c in i ty  of t he  waste tanks at  100-K on 
June 7, 1963, showed beta-gamma contamination up t o  100,000 c/m on a 
road around t h e  tanks and under the  heat exchanger. A more extensive 
p a r t i c l e  survey i n  t h i s  a rea  on June 1 0 ,  1963, revealed pa r t i cu la t e  
contamination i n  concentrations up t o  25 pa r t i c l e s  per loo2 f t .  and 
dose rates up t o  3 mrads/hr (uncorrected) i n  an area between t h e  107 
basin and t h e  east perimeter road. 
near an overflow riser where an overflow w a s  reported t o  have occurred 
on M a y  15, 1963. 
Monitoring on June 7,  1963, showed contamination along t he  east fence 
ranging from one p a r t i c l e  per 100 square feet t o  a maximum of eight  
pa r t i c l e s  per 100 square feet ,  A t  locations tipproximately 500 feet from 
the  east fence, t h e  concentration had decreased t o  f i v e  t o  s i x  p a r t i c l e s  
per  100 square feet and at the  rai l road,  approximately 1000 feet  from t h e  
fence the  m a x i m u m  concentration w a s  three pa r t i c l e s  per 100 square f e e t ,  
A survey of t he  road t h a t  runs between the  cent ra l  f i r e  s t a t i o n  and B 
Area showed two locat ions w i t h i n  t he  f i rs t  mile from t h e  s t a t i o n  where 
the  p a r t i c l e  concentration was two particles/100 square feet. no con- 
tamination w a s  found along the  road from t h e  cen t ra l  f i r e  s t a t i o n  t o  the  
200 Areas, at  t h e  turnoff t o  lOO-hT, or  at the  100-N Area. 

The highest concentration w a s  found 

A survey outside of the  exclusion fence by Environmental 

A c r i t i c a l  rad ia t ion  alarm s igna l  w a s  received at 300 Area Pa t ro l  Head- 
Invest igat ion showed t h a t  quarters  from the  326 Building on June 22, 1963: 

UI? CLASS I FIED 
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personnel had not evacuated since the  building alarm had not sounded. 
survey of the building by radiation monitoring personnel f a i l ed  t o  disclose 
any abnormal s i tuat ion,  
times between 10:30 and 11:OO i n  Patrol  Headquarters. Approximately one- 
ha l f  minute after the  326 alarm signaled, a s ignal  would also be received 
from the 333 B u i l d i n g .  The electr ic ians  who were dispatched t o  check out 
the  system found t h a t  the  problem existed i n  the  transmission l i ne .  
troubles were corrected on the same day and t he  system returned t o  proper 
operation. 

A 

The alarm signaled again at 10:22 and two more 

The 

A hood exhaust sampling system was recently in s t a l l ed  for  the  hood i n  
Room 2, 308 Building. 
because plutonium contamination w a s  detected coming from a similar system 
i n  Room 131, 
corresponds t o  an average of 2.1 x 10-10 L A C  P U / C C ,  
i n i t i a t e d  as t o  the source of the plutonium contamination. 

Ins ta l la t ion  of t h i s  sampling system w a s  prompted 

A two week sample w a s  contaminated t o  400,000 d/m which 
~nves t iga t ion  was 

Two i ron workers from the  1100 Area made an uncontrolled entry i n t o  the  
A Cell of the PRTR during reactor operation at a power leve l  uf 70 megawatts. 
The door w a s  found "unlocked" and the men made a hurried entry 8s they were 
a w a r e  of the re la t ive ly  high dose r a t e  i n  A Cell. The entry was later dis- 
covered by the maintenance foreman. Inspection of the  e l e c t r i c  door veri- 
f i ed  t h a t  t h e  door did not always l a t ch  when closed. The maximum.exposure 
received w a s  100 m r e m  including 50 m r .  

An authorized entry w a s  made i n t o  A C e l l  at a reactor power leve l  of 
The maximum dose rate w a s  67 megavatts fo r  inspection of primary piping. 

7.8 rem/.hour including 4.8 r/hour adjacent t o  primary pump No. 2, 
m a x i m u m  dose received by the  personnel w a s  100 m r e m o  

The 

Environmental Experience 

Concentrations of par t iculate  fa l lou t  i n  the atmosphere ranged from 
1.7 t o  13 pc B/m3 at various locations i n  the Pacif ic  Northwest. The 
average for t h e  month was 7 pc B/m3 - about half  that  measured during 
the last week of May, 

Five aerial surveys were made. Two of the  f l i gh t s  were made t o  meas- 
ure the ac t iv i ty  of the Columbia River, two were made t o  observe the  
water leve l  and channeling i n  several  slough areas of the  local r ive r ,  
and one was of standard pat terns  about the  project t o  determine back- 
ground radiation levels .  

The City of Richland began feeding f i l t e r e d  Columhia River water i n t o  
the  municipal water system. 
ear ly  May t o  recharge the North Richland w e l l  f ie ld .  
the  laboratory f a c i l i t i e s  i n  the  water plant ,  routine radiological sur- 
veillance w i l l  begin, Meanwhile, weekly grab samples are  being taken 
at t h e  water plant ,  

Columbia River water has been used since 
Upon cchpletion of 

UNCLASSIFIED 

1 2 3 3 3 8 9  



UNCLASSIFIED G-4 HW-78052 

The following 
for radiochemical 

Milk 

290 biological,  produce, and food samples were obtained 
analysis: 

72 samples 193 gallons 
60 samples 120 pounds Pasture grass 

Beef thyroids 20 sets 

Ground round 3 samples 6 pounds 
Fresh f r u i t  and 

vegetables 27 samples 54 pounds 
Fish 106 samples 

Oysters 2 samples 4 pounds 

Studies and Improvements 

Columbia River water samples collected on three t raverses  a t  the  300 Area 
and Pasco were analyzed fo r  radionuclides. 
determination of how representative the routine sampling s i t e s  a re  of the r ive r  
cross section, and simplification of analyt ical  and evaluation methods. 
of these i n i t i a l  samples are  being analyzed t o  ident i fy  the  need f o r  possible 
modifications i n  r ive r  sampling and analysis,  

The objective of t h i s  study i s  a 

Results 

Collection of r ive r  temperature data continued during the  high water period. 
Traverses were made at Pasco, Richland, 300 Area, Ringold, and Hanford. Above 
the plant ,  r i ve r  temperatures were only 0.5 t o  1.00 C lower than tha t  i n  1958, 
the  highest r i ve r  temperature year of  record. 
monitor f o r  use from a boat was received and has performed very sa t i s f ac to r i ly  
i n  ear ly  tests, 

A rapid response temperature 

The prototype instrument f o r  measuring d i rec t ly  the G I  t r a c t  dose resul t -  
ing from drinking Columbia River water w a s  designed and procurement o f t h e  
component par t s  begun. 

Work w a s  begun on the  programming of mathematical models which described 
the  retention and dis t r ibu t ion  of parent-daughter isotopes i n  mammals. An 
analog computer fo r  t h i s  purpose has been obtained from Instrument Research 
and Development 

An investigation of t h e  capabi l i t i es  of t h e  Shadow Shield assembly i n  the  
Mobile Whole Body Counter t o  measure 1-131 i n  the thyroid revealed t h a t  a 
1 5  minute count d i rec t ly  beneath the  c rys t a l  would disclose about 0.5% of the  
m a x i m u m  permissible organ burden. The capabi l i ty  of t h e  thyroid counter i n  
the  i ron  room i s  about 0.05% of t h e  MPOB on the  same basis ,  

Interlaboratory cal ibrat ion of 1-131 i n  thyroid measurements were made 
at New York University Medical Center and Brookhaven National Laboratory, 
Measurements agreed t o  within three  percent. 

Gamma darkening i n  the  open window area of NTA fi lm frequently makes 
t rack  detection i n  t h i s  section of t he  f i lm d i f f i c u l t  o r  impossible. This 
darkening w a s  reduced by placing a 1/16" thick lead sh ie ld  i n  t h e  open window 
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area of several  dosimeters, 
neutron penetration. 
i n  10 hood badges routinely used i n  the 234-5 Building, t o  determine the  
e f fec ts  under f i e l d  conditions, 
gamma darkening i n  the open window t o  make neutron t rack counting d i f f i cu l t .  
Again t h e  lead shields eliminated t h e  gamma fogging without in te r fe r ing  
w i t h  t h e  fast neutron penetration. 
fo r  ins ta l la t ion  i n  all personnel badges as time permits, s t a r t i ng  w i t h  
234-5 Bui ld ing  badges. 

These shields did not in te r fe re  with fast 
Following t h i s  work, lead shields  were in s t a l l ed  

These badges frequently receive suf f ic ien t  

Lead sh ie ld  pieces have been procured 

A study on the  appl icabi l i ty  of using s ingle  co l l i s ion  or multiple 
col l is ion neutron dose calibrations w a s  madeo 
at Haford  has been based on single cOlliSiOn neutron dose. Because the  
fast neutron spectrum from PuF4 which i s  one of the  pr incipal  sources of 
neutron exposure at Hanford, has an effect ive energy of 1 .4  MeV, the  
scat tered radiation has  a good poss ib i l i ty  of having an effect ive energy 
which i s  below the response leve l  of the  NTA film (Q 0.7 Mev). For t h i s  
experiment, several  Hanford neutron fi lm badge dosimeters were exposed t o  
ident ica l  neutron fluxes; one group i n  air  and a second group wi th  a 
badge backed w i t h  a double moderator neutron dosimeter. Two f a s t  neutron 
sources were used, viz., the  PuBe source with an ef fec t ive  energy of 
4.5 Mev and a PuF4 source w i t h  an effect ive energy of 1 .4  MeV. 

PuBe source there w a s  a 15% increase i n  the number of r eco i l  t racks i n  
the films t h a t  were backed w i t h  the moderator. With the puF4 source, 
however, no difference was observed; presumably due t o  t h e  f ac t  t h a t  
the effective energy of the scat tered neutron w a s  below the  threshold 
of the  NTA film. It i s  planned t o  change the  basis f o r  t h e  neutron 
cal ibrat ion procedure from a s ingle  co l l i s ion  RBE dose t o  a multiple 
co l l i s ion  RBE dose. The e f fec t  w i l l  be an apparent increase i n  t h e  
neutron dose received by some employees i n  t h e  234-5 Building and i n  
reactor areas. Improved control over the storage location of these 
dosimeters when not i n  use i n  the  production plants  w i l l  reduce the 
background on these dosimeters and w i l l  have a compensating e f f ec t  t o  
t h e  change i n  cal ibrat ion procedureso The net e f fec t  on exposure con- 
t r o l  should be minor. 

The cal ibrat ion pract ice  

With t h e  

Special  neutron dose and neutron spectrum measurements were made at 
t h e  PCTR f a c i l i t y  f o r  t he  Biology Laboratory. The measurements were 
directed t o  determining t h e  neutron dose and the  gamma dose within a 
s m a l l  section of  t h e  reactor which is used f o r  t he  i r rad ia t ion  of 
animals. -S$udies involve the use of the Hanford personnel film badge 
dosimeter, the l i th ium neutron spectrometer, and the  s i l i con  diode 
dosimeters. Although some d i f f i c u l t i e s  i n  analysis of the f o i l  spectra  
r e su l t s  were encountered due t o  the large nunber of thermal neutrons 
present, the  combination of these three measurement techniques appeared 
t o  provide a measurement of the  neutron dose t o  within 2 20%. 

The neutron spectrometer system first  successfully operated i n  the  
coincidence mode. Neutron spectrum measurements were taken of PuF4, 

UNCLASSIFIED 



UN-CLASSIFIED ~6 HW-78052 

PuBe, and PCTR neutron energy dis t r ibut ions.  
as an a id  i n  determination of the neutron dose i n  the t e s t  coreo The PuF4 
spectrum measured has a peak ju s t  below 1.0 Mev and compares favorably with 
the spectrum calculated by an empirical formula, The theore t ica l  spectrum 
has a ra ther  broad peak a t  about 1,2 M e V ,  I n  an actual  physical case, the  
spectrum i s  usually somewhat degraded, 
t h e  r a w  data appears reasonable, 

t rack fi lm plates  fo r  12 ,  120, 1200 and 1,4 x lo4 minutes. 
times permit estimation of plutonium pa r t i c l e  diameters by t rack  counting 
over the range of 0.1 t o  about 20 microns, 
number of par t ic les  were determined over an area of 180 square millimeters 
on each nuclear t rack film plate.  
of the  f i l t e r s  indicated t h a t  20 t o  50 percent of t he  par t ic les  were 0.1 
micron or  smaller based upon a plot  of accumulated percent of pa r t i c l e s  versus 
pa r t i c l e  diameter on l o g  normal probabili ty paper. The la rges t  pa r t i c l e  
found w a s  about 3 microns i n  diameter and contained about 25 d / m  of plutonium. 

The PCTR data were analyzed 

A PuBe spectrum w a s  accumulated and 

Seven air sample f i l t e rs  from 234-5 Building were exposed t o  nuclear 
These exposure 

The t racks per pa r t i c l e  and 

Preliminary analysis of results from three 

Standard r-meter checks were made on all cal ibrat ion film j i g  exposure 
posit ions,  The dose rates at each exposure posit ion were correct t o  within - + 3ZQ 

A t o t a l  of 11 Emergency Monitoring K i t s  were serviced during the  month. 
A t o t a l  of 112 instruments received an audit cal ibrat ion as par t  of the  
Calibrations qual i ty  control program, 

The updateh.300 Area Emergency Plan w a s  issued t o  300 Area personnel, 
Additions t o  the plan include 1) t ra in ing  material f o r  use by 300 Area 
supervision and management f o r  personnel safety i n  the  event of a c r i t i c a l i t y  
accident 
by Security Patrol ,  Fire  Protection, Radiation Monitoring, and the  Emergency 
Director which were included i n  copies issued t o  the 300 Area Ebergency 
Director and a l te rna tes  and cer ta in  other persons having key respons ib i l i t i es ,  
and 3) a t ab  was provided i n  the  manual f o r  inser t ion of l oca l  building 
emergency procedures, 

2) supporting plans f o r  emergency action i n  the  event of c r i t i c a l i t y  

Wallet s ized cards were issued t o  300 Area supervision t o  assist them i n  the  
event of a c r i t i c a l i t y  incident i n  the 300 Area. Visi tor  information regard- 
ing emergency s ignals  and appropriate action t o  take i n  an emergency w a s  
prepared on wallet  sized cards and arrangements completed fo r  t h e i r  issuance 
t o  v i s i t o r s  along with the Hanford film badge dosimeters. 

C. RELATIONS 

Three suggestions were submitted by personnel of the  Radiation Protection 
Operation during the month. Six suggestions were rejected.  One suggestion 
is pending evaluation, 
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Safety meetings were held throughout the  Section during the  month. A 
bul le t in  on "Safety i n  the Home" was prepared by D. McConnon and dis t r ibuted 
t o  a l l  Radiation Monitoring personnel. 

Mouth-to-mouth a r t i f i c i a l  respiration instruct ion cards have been issued 
t o  all Radiation Monitors. 

Several Radiation Monitoring personnel attended a demonstration on the  
use of various types of f i r e  fighting equipment, 

The movie "Radiation i n  Perspective" w a s  shown, 

Two t a l k s  on m a x i m u m  permissible exposures and radiation uni t s  were pre- 
Orientation sented t o  Metallurgy Development personnel at the 231 Building, 

talks were presented t o  two Metallurgy Development employees at the  231 
Building and one Chemical Effluents Technology employee a t  t he  2 2 2 4  Building, 

A two hour general discussion on radiation problems w a s  held with firemen 
of A and B s h i f t s  a t  the Central Fire  Station. The current emergency radia- 
t i on  procedure fo r  f i r e  personnel w a s  a lso reviewed. 

Five Biology employees, including three summer employees, were given a 
radiation orientation t a lk .  

D o  McConnon and G ,  A ,  L i t t l e  completed the  CPD Nuclear Safety Training 
Course, KO R ,  Reid completed a 30-hour course on Nuclear Safety presented 
by Cr i t i ca l  M a s s  Physics, HL, 

Three 4-hour sessions on Disaster Monitoring were presented i n  the  
202-A Conference Room. 
Radiation Monitoring and f i r s t - l i ne  supervision from CPD, IPD and HL. 

These sessions were attended by 33 persons from 

I n  the 300 Area f ive  radiation or ientat ion lectures  were given with 
emphasis on the  evaluation of in te rna l  emitters and self-monitoring, 

D o  SIGNIFICANT REPORTS 

"Radiological Status of the Hanford Environs f o r  M a y ,  1963" 
by R. F, Foster, 

"Evaluation of Radiological Conditions i n  the  Vicinity of 
Hanford for 1962", edited by R ,  €I, Wilson. 
mary of t h i s  report  w a s  also issued separately),  

( A  special  sum- 

"Radioiodine Sampling with Activated Charcoal Cartridges" 
by Do McConnon, 

"Monthly Report f o r  June 1963 - Radiation Monitoring Operation" 
by A .  J, Stevens, 
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PERSONNEL DOSIMETRY AND RADIOLOGICAL RECORDS 

External Exposure Above Permissible Limits 

Whole Body Penetrating 
Whole Body Skin 
Extremity 

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford Beta-Gamma Film Badge Dosimeters 

Film Processed 
Results - 100-300 mrads - B - 300-500 mrads - B - Over 500 mrads - B  
Lost Results 
Average Dose per Film Packet - mrad (ow) 

- mr (SI 

Hanford Neutron Film Badge Dosimeter 

Slow Neutron 
Film Processed 
Results - 50-100 mrem - 100-300 mrem - Over 300 mrem 
Lost Re sult s 

Fast Neutron 
Film Read 
Results - 50-100 mrem 

- 100-300 mrem - Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - Alpha - Beta-gama 
Skin Contamination 

Plutonium 
Fission Products 
Uranium 
Tritium 

HW-7 80 5 2 

June 

0 
0 
0 

- 

6,465 

9,485 
17 5 

10 
6 

25 
8.0 

35.9 

1,601 
3 
0 
0 
10 

463 
10 
11 

0 
10 

1963 

1 
0 
0 

39,077 

56,718 
1,019 

101 
23 

138 
6.9 

31.8 

10,148 
10 
2 
0 

76 

2,622 
209 
388 

4 
55 

35,326 219,837 
52,069 354,303 

18 143 
36 239 
3 4 
0 0 
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Whole Body Counter 

Subject 

GE Employees 
Regular 
Inc i dent Cas e s 
Terminations 
New Hires 
Special Studies 

G-9 Kw-78052 

Number of Examinations 
747-A WBC 1963 Mobile WBC 1963 

53 
4 

26 
176 

69 

Non-Employees 
Children 0 
Visitors 10 
Environmental Studies - 0 

B i  oas say 

Analysis 

338 

Current 
Reporting L i m i t  

8 Plutonium 2.2~10- uc/sample 
Fission Products 3 0 h 1 0 - 5  vcfsample 
Strontium 3.k10-5 vc/sample 
T r i t i u m  5.0 vc/ l  
Uranium 0.14 v p / l  
Special Studies 

Calibrations ' 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

385 30 30 
97 
55 

264 
308 

5 
2 1  

1,144 30 30 

Results Above 
Reporting L i m i t  Samples Assayed - June 1963 June 1963 

95 567 527 3,949 
24 62 505 3,723 
45 45 45 45 
85 867 183 1,488 
0 o 238 969 
0 0 44 299 

Number of Units Calibrated - June -1963 
1,024 6,354 

242 1,602 
528 3,379 

636 
191 1,150 
112 - - 

2,097 13,121 

972 
60 

372 
1,404 
- 

4,760 
720 

1,826 

7,306 

UNCLASSIFIED 
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Miscellaneous Special Services 
Total Number of Calibrations 

E10 HW-7 80 5 2 

Number of Units Calibrated - June 1963 
1,935 11,197 
5,436 31,624 

RADIATION PROTECTION 

AR Keene : fo 
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TECHNICAL INTERCHANGE DATA 
RADIATION PROTECTION OPERATION 

I. Speeches Given 

"Advances i n  Personnel Dosimetry at HMO" by L o  F. Kocher t o  the  
annual Health Physics Society Meeting i n  New York City on June 13, 
1963 

"Accumulation of zn-65 From Prolonged Consumption of Columbia River 
Fish" by R .  F, Foster t o  the annual Health Physics Society Meeting 
i n  New York City on June 11, 1963, 

Determination of River Dispersion Factors'' by G o  E. Backman t o  I t  

the annual Health Physics Society Meeting i n  New York City on 
June 12 ,  1963~ 

"The Relationship Between 1-131 Concentrations i n  Various Environ- 
mental Samples" by J, K O  Soldat t o  the  annual Health Physics Society 
Meeting i n  New York City on June 13, 1963. 

"Effect of Varying Stable Iodine i n  Diets of Cows Fed 1-131 on 
Uptake of 1-131 in Man Drinking the Mi lk  - Interim Report" by 
E ,  C ,  Watson t o  the Symposium on the Biology of Radioiodine, i n  
Richland, Washington, June 1 9 ,  1963. 

11, Art ic les  Published 

None 

111. V i s i t s  and Visitors 

See attached Visits and Visitors form. 

IV D Achievements 

None 

V. Honors and Recognitions 

B. V ,  Andersen w a s  not i f ied of h i s  ce r t i f i ca t ion  as a Health Physicist  
by the American Board of Health Physics on June 21, 1963. 

V I .  Professional Group or Organization Assignments 

None 
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FINANCE AllD A D M I N I S T M I O N  

Coat. A c e m n t i q  

The Hanfcrd Laboratories’ Control Budget fo r  FY 1963 was adjusted during the  
month, including fund transfers between the HAP0 componentsr t o  gain optimum 
u t i l i z a t i m  of program funds. 
and development program, follows: 

A summary of these adjustments, by research 

( D o U r s  i n  thousands) 

02 P r D K i L  
HLI Reactor Technology Development 
EL Separations Development 
HL Columbia River Studies 
HL Plutonium Nuclear Safety 
I P D  Sponsored Reactor Program 
CPD Sponsored Waste Management 

08 Program 
EL Fission Products Production Study 

Sponsored with 0 

Pro 2 e ct  Wiitney 
Fbbrication Program 
Scrap Recovery Program - Fabrication 

Adjustment 
Previous Increase New 
Cont rcl  (Decrease 1 Control 

$ 8 9  
350 

50 
375 
755 
522 

$ 69 
342 
44 

334 
767 
492 

45 (10) 35 

200 25 2 2 5  
72 (25)  47 

Activit ies f o r  which special accounting codes were established are described 
below: 

*3M 

.8A 

.8B 

.1V 

Preparation of Book on Decontamination - AEC has authorized 
$492700. 

Ccmsultation with State of Montana, Department of Msh and Game - 
L. L. merhardt w i l l  lecture on the population aynSmics of the 
white-tail deer. Authorization I s  f o r  t rave l  and subsistence. 

Cmsultation wi th  APED - R e v l e w  of c r i t i c a l  mass safety program 
by C. L. Brown. 

Borated Gmphite Irradiations Proglsm - Perform research and devel- 
opment fo r  the Power &actor Development Company at the requetit of 
AEC. 
is additive t o  the previous authorization of $l2,OOO. 

A new progmni authorization of $lOC,OOO received i n  June, 1963 

UNCLASSIFIED 
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The following organizat.ional code changes became effect ive July 1, 1963: 

Codes Established 

7l2L 
7125* - Technical Publication 
7 3 v  - kkora to ry  Maintenance - General 
73°F - 321 and General Area Maintenance 
7'3P - Maintensace Landlord 
737P - MechanicEd Maintenance 
737F - Elec t r i ca l  Wintenance 
737P - General Area Instrument Maintenance 
73'7H* - Lsboratory Area Instrument Maintenance 
737J* - Instzwnent Shops - Portables 
73T* - hstrument Shops - Other 
?33* - Instrument Shops - Tubes 
7 3 W  - PFPP hhiatenance 
7 4 6 ~  - Reactor St,udies 

- Technical Information - GenerGl 

Codes Cancelled 

7124 - Visual Displays 
7125 
7370 - Laboratory Maintenance 
7371 - kst.riunent Shops 

- ' l e c h i - d .  Information - General 

*Cost purposes only 

Considerable effor" during the  month was applied t o  the  preparation of data 
fo r  "AEC Ten Year Cost Study Estimates." 

General Accounting 

Following i s  the s t a tus  of l e t t e r s  seeking AEC concurrence i n  proposed a c t i m s :  

m-293 

AT-29 5 

AT-298 

AT-300 

Payment of Page Costs f o r  Papers Published i n  
Sc ien t i f ic  and Technical Journals 

Approved by AEC 

ProfessioT1EL.l Research and Teaching Leave - U C  still  
K. R. Merckx considering 

Part ic ipat ion i n  Standardizing Act iv i t ies  - In  hands of AEC 
R -  He Scott  

Par t ic ipat ion i n  Standardizing Act iv i t ies  - 
ASllM Conmit.tee B-3 - Corrosion of Non-Ferrous 
MetSlS 

I n  hmds of AEC 

UNCLASSIFIED 
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The following revised OPG's were issued during June: 

HW- "8052 

OPG No. 

3.1.6 
3.4.10 

2.3.1 

2.3.5 
1.1 

Ti t le  

General Electric Product Purchase Plan 
Regular Part-Time Employees and Temporary 

IPD General Manager Position Guide 
Organization and Policy Guide System 
Hanfo,rd U t i l i t i e s  and Purchasing Opemtion - 

Manager Position Guide 
Approval Authorizations 
HAP0 Counsel Position Guide 
Production Forecasts and Schedules 

- 

Employees 

During tbe mmth, $454,600 were transferred t o  Plant and Equipment accounts 
frm Work Io Progress accounts. 

Bsnford Laboratories' materials investment at  June 1, 1963, totaled $26.1 
million as detailed below: 

SS Msterial 
Reac%or and Ocher Special Materials 
Spare. Parts 

(In thousands) 
$24 796 

969 
332-1) 

i&.Sx 
(1- Includes a reserve of $78,064. 

The value of nuclear material consumed i n  research by Emford Labomtories t h i s  
f i s ca l  year t o  June 1, 1963 i s  $3.6 million comprised a6 followe: 

02 Program 
03 Program 
04 Program 

Classification ac t iv i ty  f o r  the month included the r e v i e w  of 862 purchase 
requisitions, 834 work orders and I 2  appropriation requests f o r  capi ta l  o r  
expense determination, compounding, work review and f o r  reimbursability . The 
following s t a t i s t i c s  re f lec t  the trend of Hanf'ord Laboratories' c lass i f icat ion 
act ivi t ies :  

UNCLASSIFIED 



HW-78052 

Work 0;-ders (average per mo. ) 591 '?l7 7l.7 614 742 
Requlsitlons (sverage per  mo.) 523 691 -- 687 748 970 

Equipznect prscured by HA.PO t o  supp9l-t University of California Lawrence Radiation 
Laboratory research and deveiopnent progrsms during FY 1962 was t ransferred t o  
Hanford Lzikomtcries during the  month. 
a reserve of $1,921 was added t s  record by use of the Non-Fund Adjustment Account. 

CertiPizsf5ion inventory reports f o r  the  physical inventory of Other Special 
Material= f o r  period ending J x e  3C: 1963 were prepared a i d  submitted t o  
Lab3mtcPiet;' m a t e r i d  holders $or completion and cen;ifica-,ion. 
of the requeeted inforrnatlon md reconci l ia t ion w i t k ,  Hanford Laboratories' 
Fina?c.ial rexFa6, a repsrt 9f r e su l t s  w i l l  be issued. 

This equipment valued a t  $24,502 with 

Upon receipt  

Mechaniza5sn of Hanf ord L a b m t o r i e s  ' Storage Pool t m s a c t i o n s  began t h i s  
month. 
program Expense and uncstalogied type items on the  new system by the end of 
August, 1963. 
records p a d l e l .  with the  new system for a period of three months o r  u n t i l  t he  
system is proven worhble .  

AU. ioaned equipment was programmed i n t o  a new system m d  plans a r e  t o  

Hhnford Laboratories Property Accounting will maintain manual 
' 

Mechanized Pool records w i l l  f a c i l i t a t e  (1) updating and m i n t e m a c e  of h i s tory  
and u t i l i za t i a r ,  &$a fo r  items ret.ained i n  t h e  Storage Posl and (2) preparation 
of routine reports and those heretafore not readi ly  prdueed.  

New m e t a l  rash i n s t a l l ed  i n  the  3718-~ Building during +;he month provide an 
addi t ional  800 square f e e t  of storage s2acep more accurate equipment control  
and a i d  hoilsekeepirg e f fo r t a .  

Laboratory Storage Pool activi+,y is summarized below: 

Current Month FY t o  Date 
Quantitx Value - Value - Q u m t i t y  

Beginning W a n c e  1 364 $741 557 l o 8 1  $ 562 200 
Items Received a 6  1.05 978 841 855 
Items ReclsLmed by Custodians (82) (33 114) (254) 
Equipment Transfers (i8) c2 901) (238) (87 032) 
Items Disposed of by PDR (181) (20 380) 
Items Excessed (641) (193 532) 
Adjustment 

(1- Includes 134 items valued a t  $113,843 on loan at June 30. 



During the month, 32 items valued at $16,414 were loaned and/or transferred i n  
l i eu  of purchases. 
t o  useful purposes t h i s  f i s ca l  year. 
$15,428 indicating a net saving of @85,298 f o r  t h i s  f i s c a l  year. 

Equipment redirected t o  usef'ul purposes by the Laborato2y Storage Pool since 
the Laborztory Pool was activated (December, 1959) i s  valued a t  $398,307 while 
operating costs f o r  the same period totaled $44,175. 
buildings (3718, 3 % ~ 8 - ~  and 371s-B) i s  $120,436. 
directed t o  useful purposes was placed i n  l i e u  of requisitions, the reslrlt was a 
t o t a l  net saving of $233,696 through June 30, 1963. 
or PDR during the f i s ca l  year was 822 items valued at $213,562. 

The P E R  heavy water inventory at the end of June, 1963 shared a loss  of 555 
Pound6 ammting t.o $7,700, while the PRCF had a gain mounting t o  2 pounds 
valued at $29. 
1,902 p m &  resulting i n  a $1,818 chErge t o  operating cost. 
accumul&t.ed at June 30 for  return t o  SROO amounted t o  9,669 p a d s  valued at  

A t o t a l  of 375 items valued at $200,726 has been redirected 
Operating cost fo r  the sam period wss 

T o t a l  investment i n  three 
Assuming that equipment re- 

Total disposal by Excess 

Heavy water scrap generated during the month mounted t o  
Heavy water 

$121,629 

Contracts processed during the month were: 

DDR-168 Oregon Metallurgical Corporation 
DDR-173 Field ESnission Corpomtion 

Effective July 1, 1963, the accumulation and distribution t o  projects Of General 
Indirect Conctxction Expense w i l l  be discontinued. 
w i l l  include 1 1/29 of contrsctor labor f o r  Workmen's Compensation and 15 of 
value of equipment and rnaterials procured by General Electric Company for  
Purchasing, Expediting and Receiving. Welder Testing, Radiation Badges and 
Pencils, and Washington B&@ Taxes w i l l  be charged directly t o  applicable 
projects. 
Construction m e n s e  w i l l  be absorbed i n  HAP0 components' overhead and bil led 
t o  contractors. 

Future project e s t a t e s  

The remainder of the items which comprised the General Indirect 

Init ial  planning was completed and instructions were issued f o r  the first s tep 
necessary t o  mechanize EWIP accounting aad reporting. Effective w i t h  FX 1964 
business, all authorizations fo r  procurement and instal la t ion of equipment 
will be processed through the  EDP Work Order System. The machine tabulations 
will serve as cost ledgers; however, commitment accounting aad reporting W i l l  
continue t o  be performed manually u n t i l  the  new Purchasing md Accounts Payable 
machine accounting systems are  placed i n  effect .  
accomplishment is December 1, 1963. 

Latest estimate f o r t h i s  

Personnel Accounting 

G. E. Benedict and J. L. Swanson received Patent Award No. HUIFt 1503 for 
Separation of Plutonium from Uranium and Trivalent Rare Earths i n  Molten 
Chloride Salt Solution by Precipitation of Plutonium Oxide. 

UNCLASSIFIED 

I 2 3 3 1 1 0 2  
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AE a result  of the recently announced Savings & Security Program options t o  
change. compemation arrangements, twelve employees elected t o  receive the non- 
participa?,fng m t e  effective July 1, 1963, and three effective October 1, 1963. 
Three employees who had originally ref'used the plan elected t o  receive the 
parkicipant rate md participate i n  the pian. 

Personnel s t a t i s t i c s  fsllow: 

Nuniber of Hyn-fard Laboratories Employees 
Changes During Month 

Bnployees on payroll a t  beginning of month 
Additions and tmnsfers  i n  
Remmal3 and 5ransfers out 

Eup2.Tees 3n payroll a t  end of month 

Overtime P%ym?nt,c During Mmth 

Exempt 
Nonexempt 

T s t a l  

Gross k y x L l  Psid During Month 

ExeI l lF t  
Nonexempt 
Total 

Participation i n  Employee Benefit 
Plans at. Month End 

Pension 
Insurance Plan - Personal 

U. S. Savings Bonds 
Stock Bonus Plaa 
Savings Plan 
Savings and Security Plan 

- Dependent 

Good Neighbor Fund 

Insurance C l a b  
Employee Benefits 

Life Insurance 
Weekly Sickness and Accident 
Cmprehensive Medical 

Comprehensive Medicd 
Dependerit Benefits 

T O t d  

Tots1 Exempt Noriexempt 

1 662 698 964 
113 73 40 

$ 697 1'72 8 684 802 

June May 
Number Pereent Number Percent 

1 520 
420 

1277 

158 
66 

1165 
1 249 

99.3 1 484 99 -4  
399 

99.0 1 256 99 -9 

41.5 156 42.3 
3 e 9  

88.2 84.7 1144 
n.i 1 1 9 4  n.6 

3 - 7  65 

June May 
m e r  Amount Nuniber 

1 $15 370 0 ?Ount 0 
0 631 ll 513 
41 2 876 69 3 872 

UNCLASSIFIED 
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Employee Relations 

Thirty-fmr nonexempt employment requisitions were f i l l ed ;  thirty-four remain 
t o  be f i l l ed .  

Suggestion plan act ivi ty  included 51 submissions, 20 adoptions and 41 rejections. 
For the turd consecutive month, the number of suggestions (125)  in process at  
month end was less than the preceding month. 

Infomation and Presentations 

Plant t x r  activfty: 

Number T o t a l  People 

G e n e d  public relations tours 
Speciai tours 

Visitors'  Center activity:  

Jwe a%tenda,nce 
Average attendance per d ~ y  open 
Cwnihtive attendance since 6-13-62 
Conducted groups 

4 
6 

3 n- 
124 

47 780 
u ( t o t d i n g  780 people) 

*Includes 353 persons who attended the Mrst Anniversary Open House on 
June 15. 

Document. information f l o w  during the month was comprised of 1,757 t i t les 
(12,825 co2ies) received a t  Hanford and 54 t i t l es  (5,941 coples) sent off-si te.  

Professional Plazement 

Advanced Degree - Thirteen Ph.D. applicants vis i ted HAP0 f o r  employment inter-  
views. Twelve offers were exc,ended; eight acceptances and f ive  rejections 
were received. 

BS/MS ( ~ i r e c t  Placement) - Twelve offers were extended. 
and seven rejections were received. 

BS/MS (Program) - TWO offers  were extended. Five acceptances twenty- 
seven rejections were received. 

Eleven offers are currently open. 

Eleven acceptances 
Three offers are currently open. 

Current open offers t o t a l  four. 

Technical Graduate Program - Six Technical Graduates were placed on permanent 
assignment. 
terminated. 

Thirty-four new members were added t o  the r o l l  and two members 
Current Program members t o t a l  sixty.  
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FACILITIES ENGINEERING 

Projects 

A t  month’s and B c i l i t i e s  Engineering Operstion was responsible for t e n  
act ive projects,  having t o t a l  authorized funds i n  the amount of $6,435,000. 
The t o t a l  estimated cost of these projects  is $l0,680,000. 
through my 31, 1963 were $698,000. 

Expenditures 

The following summarizes project a c t i v i t y  i n  June: 

Muniber of authorized projects  a t  month end ----------------------.--- 10 

Project proposals complete or  nearing completion -------------=----0- 2 
PEnrR Decontamination and D20 Cleanup 
Heat Transfer Apparatus f o r  Model Studies 

The current s t a t u s  of projects  authorized or await- approval is: 

CAH-916 - Fuels Recycle P i l o t  Plant - A construction schedule has not been 
established. Construction is  two percent complete. The contractor is excavating 
f o r  the building foundations and u t i l i t i e s .  
made two tie-ins t o  the 8” sani ta ry  water l i n e .  
loaned t o  the  contractor for temporary power. 
been received f o r  review. 

J. A. Jones Construction Ccarrpany 
A 300 KVAtransformer was 

Several shop drawings have 
Temporary construction buildings have been erected.  

CAB-922 - Burst Test Fac i l i t y  f o r  I r rad ia ted  Zirconium Tubes - Construction is  
28 percent camplete and on schedule. 
basin were poured. 
t r a n s f e r  tube and accessories between the  ex is t ing  storage basin and the  new 
w e t  basin is  under way. 
the  instrument panel. 
received o r  is on order. 

The building foundation w a l l s  and wet  
The cofferdam has been Installed, and i n s t a l l a t i o n  of the 

Invi ta t ions  t o  b id  have been issued f o r  p r o v i a n g  
All other Company procured equipment has e i t h e r  been 



CAE-95E\ - Pht.@niun Fuzis TestAzlq aad Ehaluation La5ora.tories - 308 Building 
Cocstrcecion i s  25 percent complete sxd on schedule. In s t a l l a t ion  of the  ce i l ing  - 
support steel is  Seing perf3rmed by the  plaster ing cmtracsor  and i s  being 
integrated x i t h  the ele-itrica-1 wgrk a d  duct modifications being performed by 
the  EFT Consfr.x%ioc 5krTvice C%itractor. 
is 25 percenr, caaplste. 

CAFi-962 - Lmr Letrei ,%dioch-Astry I&sra?;ory - Detailed design by t he  Ar&itect- 
Engkeer is 3f percent complete and an sck~edde.  

FaSricat im of the  metallograph hood 
AT- srder  has beer, placed f o r  t he  metsllograph. 

W - 9 T 7  - S c i l i t i e s  f a r  %&Lo;-,sLve Inhdctior,  Studies - A meeting of Ccanpetny 
and Ccxxd~sLoz r9p~es2nts.+ivrs wss held on Zune 5 ,  1963, t 3  discuss the  design 

W - 9 8 2  - Addition t c  Radionuclide l?xd.litiea - 141-C BuiLdinp; - A cmment 
meeting was held w i t h  the  Ccrmmissi.on on June 10, 1963, t o  discuss the  design 
c r i t e r i s  d x m e n t .  
doc7ment. 
1963, f"cr aFTr3-d  and .r,c?&rs+,latioL of a design contract.  

Minor changes were agreed t o  snd incorporated i n t o  t h e  
!%e c r i2e r i s  doxrienr; was returned t o  the Conmission on June 18, 

CAH-98: - A d d 2 t i m  t o  the  222-U Bxild-hq - FzLlaring 6 d e c i s i m  t o  drop t h i s  
project., the prc3ec.t proposal has been recovered from Rz1OO-AEC. 

~ - 9 %  - 302 Area Retention Waste system ~ x p s  nsion - me Cnamitmim returned 
the  prlj j p r t .  prcposal mpproved .  

CGH-992 - AdiE%ior&i &el Lmding EqxLpment - 308 Building - Construction is  
BO percm+ empie+,e a d  02 EAeduie. 
and p i 3 t e d .  
baing i n s t d l e d .  

The l-ng p i t  surf&ces have been sacked 
Svme5uml s t e e l  is being piased and ven t9 i l a t im  equipment i e  

CAH-995 e 3% Building Air CocditlonirR MdLficatiom - CcmErtruc+,lon i s  35 
percent, cmplete capa red  tc a scte&.iLed U. percent. T o t a l  canstruction funds 
were authorized the EFI" Cms",Jction &rvice C o n t r s c t x  on &.ne 19, 1963.. End 
const.rx%ion htis 3em res-anzd. 
June 18, 1.963, a d  T r d e  Cmparv r epmts  maxixmm effort t o  del iver  the 6o-to3 
c h i l l e r  by the  July 15, 1963, promised delivery &%E. 

The G l r  coriditioning urlt  waa receLved on 
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CAE-lo0 - High Temperature Lat t ice  Test Reactor - The design c r i t e r i a  was 
approved and dis t r ibuted on June 10, 1963. 
Corporation. 

Copies were given t o  V i t r o  
A meeting of V i t r o  Corporation and Campany representatives was 

held t o  discuss design of t h i s  project.  

CAH-106 - PRTR Storage  sin and Experimental F a c i l i t i e s  Modifications - 
%e preliminary project proposal was transmitted t o  t h e  Conrmission on June 20, 
1963. The proposal requests authorization of total design funds i n  the amount 
of $47,000. 

m i n e e r i n g  Services 

Consulting engineering services provided t o  research and development personnel 
included study of 1260 Building mechanical and e l e c t r i c a l  service and equipment 
fo r  laboratory use, engineering f o r  308 Building vibratory compaction e q u i p n t  
ins ta l la t ion ,  study of 300 Area requirements and poten t ia l  equipment needs f o r  
paper incineration, investigation of air f i l t r a t i o n  requirements and solutions 
where par t iculate  l imitat ions are less than present f i l ters,  r e v i e w  w i t h  f i e ld  
Personnel of conduit m s  and wiring f o r  i n s t a l l a t ion  of log-C i r rad ia t ion  
studies loop, and the  engineering on instrumentation f o r  314 Building test  loop. 

Pressure Systems 

Engineering review and surveil lance of pressure systems continued during 
the  month. 
(2)  314 Building high tempemture gas loop, (3) 300 Area propane gas system, 
(4) 325 Building hydrogen gas system, and ( 5 )  safety and relief valve inspection 
and test program. 
s t r a ine r  and o r i f i ce  of t he  rupture d isc  l i n e  on the  C-1 loop. 

Major items receiving a t ten t ion  included (1) C-1 loop ins ta l la t ion ,  

The t h i r d  party inspector was consulted concerning the 

Plant Engineering 

Consulting services were provided t o  operating and maintenance forces.  
jobs durin the  month included (1) modification of retention waste sampling 
system, (2  f study of noise and vent i la t ion problems - 747 Building, (3) 306 
process sewer study, (4) engineering f o r  vent i la t ion of 326 e l e c t r i c a l  shop 
area, (5)  study f o r  obtaining freer securi ty  access t o  laboratories,  (6) en- 

ineering f o r  i n s t a l l a t ion  of diesel generator for 325 parer supply back-up, 
77) engineering of e l e c t r i c a l  modifications - 325 and 326 ~~Ildings, (8) elec- 
t r i c a l  design f o r  Project CAFI-999, (9) t e s t i n g  and modification of 309 Building 
emergency warning s i w s  system, (10) waste l ine radiation monitoring 
instrumentation, (U) design c r i t e r i a  f o r  3705 Building l igh t ing  improvement, 
(12) preliminary s tudies  of 300 Area f a c i l i t i e s  t o  replace the  l@-D m e d  
Eydraulics f a c i l i t y  and t o  re locate  231-2 unclassified plutonium research, and 
(13) hypothetical s tudies  of operating and cap i t a l  costs associated with 
operation of 189-D and 108-F (Biology) facil i t ies Withaut support from the 
operating reactors.  

Active 
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Items requiring traJble-shooting during the month included return of 3745-B 
refrigemtion unit canpressor t o  the vendor f o r  repair and temporary duct- 
work t o  provide ventilation t o  the 325 Building mezzanine laboratories. 

Paci l i t ies  Operation 

Landlord costs for  the month of May were $191,028, which is 120 percent 
of the forecast for  the month. 
period are $lJs91,762, which is 101 percent of predicted. 
improvement maintenance cost was $29,815 as compared t o  the forecast of $l5,oaO. 
Expenditures f o r  PY 1963 are  expected to steJr within the landlord budget. 

T o t a l  costs to date for the eleven-month 
During t h i s  month, 

The Interim Procedure f o r  the Cri t ical i ty  Alarm System w m  revised and issued. 
Audible alarm decks  w i l l  becme a monthly routine. 

The following tabulation summarizes waste disposal operations: 

April 

Concrete waste barrels disposed t o  300-N burial  

Loadluggers of dry waste disposed t o  300-N burial  

Loadluggers of dry waste disposed of t o  300-N 

ground 4 20 

ground from the 325 Building 4 4 

25 25 
235 000 300 OOo 

burial  ground frm 300-A s i t e s  other than the 
325 Building 

Crib Waste (gallons) 

Three of the 307 re tent io  basins exceeded ac t iv i ty  levels of 5.0 x loo6 pc-p/niL. 
Ihe highest was 7.8 x 10- 2 . 

The equivalent of 135 drawings were canpleted during the  month f o r  an average 
of 20 man h a r e  per d r a w h g .  

Major Jobs i n  progress are: (1) p~lll shim rod C O n t x d J  (2) PBTR cladding 
cut ter  assembly, (3)  as-built dra~lngs - -tion studiee hood, (4) salt 
cycle equipment for C-cell-325 Building, (5) scope design - fast supercr i t ical  
parer reactor concept, (6) scope design - PmR D20 system decantsmiaetion 
process, (7) 3.14 Building high tempereture gas loop, and (8) E'CUCR mock-up 
core 0 

Work performed by -0 included the  DWL-1  panel layout and diagrams 
performed by B o w  Engineers included PREi as-built8 and revised steel frsming 
drswings for 324 Building. Work performed by Vitro CorposIstion included PIER 
gas loop as-builts, PHCR cask, f i e 1  fabrication "gun chamber" and PKPR as-builts. 

Work 
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Work assigned t o  Vitro Corporation during the  
344 m n  hours. No work was assigned t o  B o w  

month amounted t o  an estimated 
Engineers or  CEWO. 

Work performed by CEWO was 83 man hours, by Bovay Engineers 160 men hours 
and by V i t r o  Cwpolr;tion 222 man hours. 

Construct ion Supervision 

Activity during the month on construction work (J. A. Jones Ccanpany)  being 
performed f o r  Hanford Laboratories' components i s  given below: 

Unexpended Waste 
Balance Calcination 

Orders outstanding beginning of month $312 075 $165 211 
Issued during the month ( Inc l .  sup. and ad j  .) 82 535 15  450 

Balance at month end 128 386 23 644 

J. A.  Jmes expenditures during month 
(Incl .  C.O. cost)  266 224 157 017 

Orders closed during month 124 572 

I n  addition, work on one maintenance work order having a total face value of 
$920, issued t o  plant forces, was supervised. 

Major act ive nonproject jobs i n  progress are: 
402 md 403 and i n s t a l l a t ion  of furn i ture  and hoods i n  roan 4-05; (2) install 
X-ray machine - 141-C; (3) building modifications - 146-F; (4) build sheep 
pasture - 100-F; ( 5 )  fabr ica te  and i n s t a l l  glove box - 23LZ; (6) repa i r  dams 
8t Rattlesnake Springs; (7) construct material storage yard - 300 Area; 
(8)  modify l ight ing - 306 Building; (9) purchase and install water f i l t e r  - 
306 Building; (10) replace and repa i r  roofs - 306, 3705 and 3746; (U) replace 
stem l i n e s  - 308 Building; (12) 309 Euilding - i n s t a l l  gas loop heater, 
i n s t a l l  shielding, i n s t a l l  pump lar speed controllers,  fabr ica te  and in- 
stall reactor  i n l e t  and out le t  mock-up, construct rupture loop annex, m o d i f y  
rupture loop pressure control system, fabr ica te  and i n s t a l l  filters i n  fan p i t  
and xnake e l e c t r i c a l  and mechanical modifications t o  gas loop; (13) make repairs  
to 314 Building and construct gas b o t t l e  f ac i l i t y ;  (14) install PFCFR tube 
removal prototype equipment - 314 Building; (15) construct computer room - 
321 Building; (16) 325 B u i l d i n g  - replace ductwork and f i l t e r  boxes, i n s t a l l  
addi t ional  e l e c t r i c a l  service, remove and m o d i f y  c e l l  shielding door and i n s t a l l  
basement vent i la t ion  system; (17) replace 326 air conditioning unit; (18) install 
demineralizer - 327 Building; (19) construct off ices  - 328 Building; and 
(20) m o d i f y  lm-out system - 340 m l d i n g .  

(1) 108-F modification Of rooms 

UNCLASSIFIED 
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Bbr ica t ion  work released t o  the  Construction Services contractor on the  
waste cdc ina t ion  demonstration prototype equipment is 80 percent camplete . 
Eleven requisit ions were processed during the  month with an estimated value 
of $2,560. 
l ists  were issued f o r  Projects CGH-999, CAH-9% and CAE-922. 

Total value of equipment being purchased is $112,000. M & E 

Manager v !  
Finance and Administration 

w Sale :1Fg 
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Plutonium Recycle Test Reactor 

Operat ion 

Reactor output fo r  June was 1289 MWD (a new monthly record) for an experi- 
mental time efficiency of 76.1s and a plant  eff ic iency of 61.4$. 
were nine operating periods during the month, of which seven were termi- 
natej. manually and two were terminated by scrams. A summary of the  f u e l  
i r rad ia t ion  program as  of June 30, 1963, follows: 

m e r e  

In-Core 15 1017.5 12 1652.4 58 3027.7 65 5697.5 
Maximum 105 7 183.6 95.2 
Average 67.8 138.2 53.2 

In-Basin 28 1850.7 54 3724.7 12 464.2 1 7.3 95 6046*9 

a 23m.3 - - -  Chem, Process. 32 2309.3 2 78.0 

program 
3177.5 5455.1 70 3491.9 2 7.3 a 3  14131*7 - Totals 

Note: (M'WD/Element) 20 MWD/TU fo r  U02 and Pu02-UO2 

The s ta tus  of t he  various test elements on June 30, 1963, is shown below. 
Those t e s t  elements which had reached t h e i r  assigned goal exposure or 
had been permanently discha-ged f o r  other reasons p r io r  t o  June 1, 1963, 
have been deleted from t h i s  table. 

1 2 3 3 4  I I UNcZAssiFm 
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Approximat e 
I n i t i a l  Date Accumulated 

MWD 

Date 
Test Chaznel F.E. 
No, location Number Description Charge Discharged - 
14 
14 
14 
37 
37 
37 
37 
37 
48 
54 

54 

61 
61 
61 
61 

1956 
1356 
1758 

1649 
Bas i n  

1651 

1gM 
Basin 

1855 51i8 

Moxtyl-Swaged 
Moxtyl-Vipac 
Moxtyl -Vipac 
u02 Physics 
u02 Physics 
uog Physics 

u02 Physics 
U02  Physics 

Moxtyl (+"x+" pads) 
Moxtyl ( clip-on pads ) 

Mactjri-Physics 
Moxtyl-Physics 

Moxtyi-Physics 
Moxtyl-PhySiCE 

4/2/62 
5/8/62 
5/8/62 
5/8/62 
5/12/62 
5/12/62 
5/12/62 
5/12/62 
8/1/62 
5/8/62 

5/8/62 

5/28/63 
5/28/63 
5/28/63 
5/28/63 

6/29/63 

53.0 repad 
92.5 repad 
76.2 repad 
02.3 
go. 1 
87.1 
89.3 
78.2 
61.9 
75.9 (60.4 

55.5 (70.5 
+l ip  1 
w h i p  1 

3 
16.8 

19.8 
17.0 

Tne second cf %!e s ix  instrumented U02 elements f o r  PKTR T e s t  37 was d i s -  
charged a t  g w l  exposure during the month. 

D20 and indicated helium lossts f o r  Jme were 554 pmmds and 9 5 ~ x 9  S C ~ Y  
respect iueiy. 

Equipment Ekperience 

A t o t a l  of 81 reactar outage hours were charged t o  repair  work. 
amount, 28 hours were for primary pump repairs, 16 haurs were used t o  i n s t a l l  
oew effluent ac t iv i ty  monitors, and 24 hours were f o r  helium compressor and 
helium vaive repairs. 

Of' t h i s  

Primary seals were replaced on primary pump No. 1 after about 2500 hours of 
ruming time. 

Preventive maintenance required 413.5 hours or 8$ of the t o t a l  mairtenance 
effort .  

Improvement Work Status (Significant Items ) 

Work Completed 

Primary b o p  Drain  and Flush Valve Modification6 
Replacement of Effluent Monitors 
Shim Rad Load Millimeters 

UNCLASSIFIED 
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Work Pa r t i a l ly  Completed 

Inl ine Gas Sampling 
Process Tubes Level Indicator 
Independent C r i t i c a l i t y  Alarm System of the  PRTFl Control Room 
Recorder Ammeter Ins t a l l a t ion  f o r  Primary Pumps 
Deionized Water System 
I n l e t  Gas Seal  Replacement 
Backup Emergency Pump Lou Speed Controllers 
E-7 Replacement and A i r  Supply Adjustment 
H e l i u m  Compresscr Unloading Orifice Modification 
125 Volt Battery Disconnect Contactor 
Control Wiring f o r  13.8 KV Motor Operated Switches 
Refrigerative Cooling of' Stack P i t  
Water Softener Controls 
F i l te red  Water Pump Na. 3 
Shim Rod Shroud t o  Top Cap Modification 
-roved KI'D Connector Sealant and Bracing 

Design Work Completed 

Provide Separate Ebergency Backup Water f o r  FEEF 
Flow Monitor Tubing Snubber Ins t a l l a t ion  
Autoclave Ins t a l l a t ion  fo r  Zr-2 Fre t t ing  Corrosion Studies 
Revision of PRTR Exhaust Fan t o  Emergency Power 
No. 2 Exide 125 V Battery Charger 
Explosion Proof Receptacle Outlet 
Helium Compressor Piping Modification f o r  Snubber Ins t a l l a t ion  
Compressed A i r  Supply Revision 
Pressurizer t o  Stack Valve Relocation 
Actuator with Hydraulic Snubber f o r  Bottom Blowdown Line 
Flash Tank Modification 
Gamma Scanner Ins t a l l a t ion  

Design Work P a r t i a l l y  Completed 

Additional Fuel Storage and Examination 
Vibration Snubbers f o r  Earthquake Protection 
Control Room and Instrument Calibration Shop A i r  Conditioning 
Decontamination Building and D$ Cleanup 
Instrument Power Transfer System 
IJT-1 Storage Tank Sight Gauge 
St i f fener  on A i r  B a f f l e  
Flux Wire Scanning System 
Supplemental Emergency Water Addition 



UNCIASSIFID 1-4 HW-78052 

Process Engineering and Reactor Physics 

Daily primery coolant samples during reactor  operation were taken f o r  radio- 
iodine analysis. 
t ions  ir the primary system during the  month indicat ing that the  core i s  

These samples continued t o  show uniform iodine concentra- 

free from leaky fuei.  

PRTR Test No. 66, Calibration of Effluent Act ivi ty  Monitors, was completed. 
Suff ic ient  radioactive material was not available i n  e i the r  t h e  main storage 
tank or t h e  waste storage tanks t o  give the desired rad ioac t iv i ty  concentra- 
t i on  a t  t i e  effluent monitoring units. Other methods of ca l ibra t ion  are  
being cozsidered. 

Procedures 

Revised Operating Procedures issued 
Revised Operating Standards issued 
Temporary Deviations t o  Operating Standards issued 
Revised Process Specifications Accepted f o r  Use 
Maintenance Manuals issued 

Drawing As-Built Status  : 

Approved f o r  As -Built 
In Drafting 
In AFprUVal 
Deleted or Voided 

June - 
23 

11 
2 

Scheduled f o r  Review 

Personnel Training: 

Qual i f icat ion subjects 
Specifications,  Standards, Procedures 
Ehergency Procedures 
Maintenance Procedures 

Status  of Qual i f ied Personnel a t  Month-end: 

Qual i f ied Reactor Engineers 
Qual i f ied Lead Technicians 
Qua l i f i ed  Technicians 
Provisionally Qual i f ied Technicians 

4 
6 
11 

5 
3 

Total  - 
9% 

SS 
11 
81 nw 

9 
6 

17 
2 
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Plutonium Recycle C r i t i c a l  F a c i l i t x  

Operation 

The cadmium bu l l e t  experiment was accomplished without incident. 

Preparations fo r  i r r a d i a t e d  f u e l  experiments included (1) a continuation 
of last month's c r i t i c a l  experiments (with cold f u e l )  t o  develop reac t iv-  
i t y  measuring techniques f o r  use i n  a climate of massive photoneutron 
flux, (2) modifications and refinements t o  equipment and ( 3 )  operational 
t e s t ing  of the thimble coolant system. 

Improvement Work Status 

Work Completed 

Ins t a l l a t ion  of Moderator H e a t e r  
Scaler Modificatims 

Design Work Part ia l ly  Completed 

PRCF Light Water Conversion 

Process Fhgineering 

An evaluation of the proposed control  system t o  be used with l ight water 
was reported i n  document HW-78043, PRCF Control System hraluat ion for 
Light Water Conversion. 

Procedures 

One Process Specification and three FIEF Special  Conditions were accepted 
during the month. 

Forty hours of personnel t ra in ing  was accomplished. 
became qual i f ied f o r  PRCF operation. 

One PRTB technician 

Fuel Element Rupture Test Fac i l i t y  

Work Status  

Work Completed 

Rupture b o p  Sampling System 
pH Sample Return 
B Cell Leakage Collection System and Sump Alarms 
Ins t a l l a t ion  of Test Section in B Cell  

1 2 3 3 4 1 5  
UNCIASSIFIED 



UNcmsIFm I -6 

Woyk Partially Completed 

Revised Cleanup System Pressure Relief 

w-78052 

Fifty-six hours were devoted t o  training. 

GAS C0OI;ED POWER REACTOW PROGRAM 

Pressurized GaE-Cooled Loop Faci l i ty  (Project CAH-822) 

B O A  St8%UE 

Blwez Froxrement has been completed and the three blowers are instal led 
i n  the 2x2.  
section fnetal;s5iori, w i l l  not be done a t  t h i s  time. 

The project is 98.G complete; the remaining work, t e s t  

TECHNICAL SHOPS OPERATION 

Total productive time f o r  the period was 27,840 hours. 
hours perfomed i n  Technical Shops, 6822 hours assigned t o  J. A. Jones Company, 
4778 home aesimed to off-site vendors, and 264 hours t o  other project shops. 
Total s h q  backlog i s  25,530 hours, of which 90 percent i s  required i n  the  
current mozitb with the remainder distributed over 8 three-month period. Over- 
time worked during the month totaled 1519 hours. 

Distribution of t i m e  was as follows: 

This includes 15,976 

Man Hours $ of T o t a l  

IJ Reactor Department 2,748 9.87 
Irradiation Processing Department 5,482 19.69 
Chemical Processing Department 311 1.ll 
Hanford Laborstories 19,289 6. 29 
Construction Engineering and U t i l i t i e s  10 

ZiEZ 
IABORATORY MAINTEmANCE OFERA!I!IOM 

0.04 
100.00 
- - 

Total productive time was 17,100 hours of 19,400 hours potentially available. 
Of the t o t a l  productive time, 88.5 wa8 expended i n  support Of Han-gmd Labora- 
to r ies  components with the remaining 11.54 used i n  providing service f m  other 
HAP0 organizations. 

Manpower u t i l i za t ion  f o r  June was as follows: 

A. Shop Work 2400 hours 
B. Maintenance 6500 hours 

1. Preventive Maintenance 1500 hours 
2. Emergency or Unscheduled Main. 1800 hours 
3. Normal Scheduled Maintenance 3200 hours 
4. Overtime (included i n  above) 2300 hours 

8200 hours 
l’j’100 hours 
- C. R89 Assistance 

I 2 3 3 h  I b 



Three new items of standards equipment were received and placed i n  service 
during June: (1) electronic  standard clock t o  replace the pendulum clock; 
(2)  ce r t i r i ed  c lass  "S" weights t o  extend OUT capabi l i ty  t o  5 kg; ( 3 )  a 
30 KV voltmeter. 

for  $K+ he Manager 
Test Reactor & Auxiliaries 

DR Koberg:dde 

UNCIASSIFIED 

1 2 3 3 4 1 1  
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INVENTIONS OR DISCOVERIES 

Al l  persons engaged in work that might reasonably be expected to 
resu l t  in  inventions o r  discoveries  advise that, to the  best  of t he i r  knowledge 

and belief, no inventions o r  discoveries  w e r e  made  in the  cour se  of the i r  
work during the  period covered by this  repor t  except a s  l i s ted  below. 

persons  fur ther  advise that, for  t he  period there in  covered by this repor t ,  

notebook records ,  i f  any, kept in the cour se  of t he i r  work have been 
examined for  possible inventions o r  discoveries .  

Such 

INVENTOR 

J. T. Russel l  

T ITLE OF INVENTION OR DISCOVERY 

The Measurement  of the  Acceleration 
of Gravity 

I I  V. E. Sipes Title:  Curve Following Head" 

H. J. Anderson, 
Co-author - F. A. Scott 

"Method of P r e p a r i n g  UOS and Other 
Uranium Sulfides, " March 14, 1963 
(HW-76963) 

Manager, Hanford Labor  at0 ri es 

1 2 3 3 4 1 8  UNCLASSIFIED 


