
Centimeter 

Inches 

Association for Information and Image Management 
1100 Wayne Avenue, Suite 1100 
Silver Spring, Maryland 20910 

301 1507-8202 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 5 m m  

( " " ~ " " " " " ~ " " " ' " l ' " ' " ' ' ' , ' ' . '  I I 
1 2 3 4 5 

k 

I." I, L I .  llllli2 111ll2.0 
I- L 8- 

1.6 1lll11.25 11lllkA I I L  

MRNUFRCTURED TO R I I M  STFiNDFlRDS 
BY R P P L I E D  IMRGEV INC. 



, 

I 



c 

t 

Cover Sheet for a Hanford 
Historical Document 
Released for Public Availability 

Pacific Notihwest Laboratory 
Operated for the U.S. Department of Energy 
by Baittelle Memorial Institute 

Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 



# '  

DISCLAIMER 

This i s  a historical document that is being, released for public availability. This 
was IT >de from the best available copy. Neither the United States Government 
nor any agency thereof, nor Battelle Memorial Institute, nor any of their 
employees, makes any warranty, express or implied, or assumes any lega; 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or procw9 disclosed, or represents that its use 
would not infringe privately owned rights. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 

I .  I 



N IS PROHI  - 
U - O T H E R  O F F I C I A L  CLASS1 F l$D I N F O R M A T I O N  

THIS M A T E R I A L  CONTAINS I N F O R M A T I O N  A F F E C T I N G  

THE N A T I O N A L  D E F E N S E  OF THE U N I T E D  STA'TES 

W I T H I N  THE M E A N I N G  OF THE E S P I O N A G E  L A W S ,  

TITLE 16, U. S. C .  , SECS.  793 A N D  794, THE TRANS-  

M I S S I O N  OR R E V E L A T I O N  O F  W H I C H  IN ANY MANNER 

TO A N  U N A U T H O R I Z E D  PERSON IS PROHl6lTED BY 

MONTHLY REPORT SUMMARY 
AUGUST 1964 

I 

f 
1 AUTHOR I S S U I N G  PILE 

FW Albau& 1 
I 

1 

I 
O R I Z E D  P E R S  

ROM ANV 

IS P R O H I  
NG FILE. A L  

----__ 



L 

a 

UNDOCUMENTED 

1-2 
3. 
4. 

Tech Pub. 
OW Rathbun, RLOO 
FW Albaugh 

MONlXLY REFOR T SUMMARY 
AUGUST - 1964 

React or  and Fuels 

A second comparative i r r a d i a t i o n  t e s t  of f u e l  elements of & f u e l  uranium. 

composition and of elements conta in ing  400 ppm i ron  and 800 ppm aluminum 

i n  &the  uranium was completed. Post-irradiat  ion bulk dens i ty  measurements 

show c o n s i s t e n t l y  l e s s  swelling i n  the  lat ter case. 

A f a i l u r e  occurred in one of two iq-single tube fuel  elements w i t h  f l u t e d  

outer sur face  which were under i r r a d i a t i o n  i n  t h e  Em, 

occurred a t  an exposure of approximately 2500 Mwd/ton, was adjacent  t o  an 

end cap and i n  t h e  v i c i n i t y  of a marker tab which had been spot-welded onto 

The failure, which 

the cladding sur face ,  

I r r a d i a t i o n  t e s t i n g  of f u e l  fou l ing  de tec tors  fueled with thorium-uranium 

a l l o y  has been successfu l ly  completed, 

i n  N-React or .  

Four de tec tor  probes are now i n  use 

The 17 uranium a l l o y s  to be used i n  experimental i r r a d i a t i o n  s t u d i e s  t o  

evaluate the  e f f e c t s  of alloying and hea t  treatment on swelling have been 

f ab r i ca t ed  i n t o  Zr-2 c lad  rods from which t e s t  specimens a r e  being prepared. 

All t a r g e t  elements f o r  N-Reactor production t e s t  1m-8 have been delivered 

t o  N-Department. 

shor t  t a r g e t  elements, 

of t h e  enriched uranium d r i v e r  tubes t o  be used i n  t h i s  production t e s t ,  

This de l ivery  included 650 f u l l  length elements and 135 

Coxplete d iaens iona l  measurements were made on 108 
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V i s u a l  examination of a s e r i e s  of Li-containing ceramic t e s t  elements a f t e r  

i r r a d i a t i o n  t e s t i n g  revealed no evidence of irradiation-induced changes, 

These elements were irradiated for s u f f i c i e n t  time t o  give ca l cu la t ed  gas 

contents of the test  samples (GVR) up t o  12,9, 

Corrosion t e s t i n g  of defec ted  Lf-A1 t a r g e t  elements i n  280 C water has been 

completed, In those  elements i n  which t h e  target core was exposed d i r e c t l y  

t o  t h e  coolan t ,  swelking due t o  corrosion was observed within t h e  f i r s t  four 

hours and ex tens ive  corrosion damge and c lad  s p l i t t i n g  had occurred a t  the 

end of t h e  297-hour t e s t  period. 

hkchanical t e s t i n g  of closures from hot-headed, pro3 ection-welded and brazed 

elements have given closure s t r eng ths  i n  excess of  30,000 ps i .  Highest 

s t rength  was obtained from a n  element having s ix- r ing  pro jec t ions ,  

Two t r a n s i e n t  hea t  t r a n s f e r  experiments were conducted t o  inves t iga t e  f u e l  

temperatures following the possible rup tu re  of a main water supply l i n e  at 

N-Reactor, 

t h e  maximum temperatures i n  t h e  tes t  sec t ion  d id  not exceed 1100 F. 

It was found t h a t  w i t h  B normal decrease i n  heat generation r a t e  

The time t o  b o i l  water out of smll production r eac to r  process tubes  fi l leci  

with t h o r i a  f u e l  was ca l cu la t ed  t o  be well over a minute fo r  cases  where 

water loss occurred a f t e r  the  r eac to r  had been shut down f o r  some time, 

The crud f i l m  removed from a portion of t h e  ruptured N-ReactQr fuel element 

was less  t han  0,05 m i l  t h i c k  and would increase  t h e  surface temperature 

less than 1 C a t  a hea t  f l u x  of 500,000 Btu/hr-ft2. 

No stress cracking  was found on copper tubing and b ras s  f i t t i n g s  exposed fo r  

f ive months t o  stagnant pi3 9-10 a m n i a t e d  water and vapor a t  55-150 C, t h e  
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Corrosion evaluation i n  h igh  temperature water of nicke l  p l a t i n g  techniques 

f o r  aluminum and t h e  e f f e c t s  of d i f fus ion  heat treatment i nd ica t e  chemical 

nicke l  i s  super ior  t o  e l ec t rop la t e s .  

Coupons of Zircaloy-2 and 4 were exposed 58 days in-reactor and i n  ex-reactor 

con t ro l  experiments t o  a 400 C (752 F )  helium atmosphere containing CO, H2, 

and water vapor. 

was noted, 

No evidence of acce lera t ion  of t h e  corrosion r a t e  in-reactor 

The first s t r e s s  rup tu re  t e s t  of a sec t ion  of an irradiated KER pressure  tube 

has been completed. 

and a hoop s t r e s s  of 61,000 p s i .  

condition would have been expected t o  fail a t  t h e  same s t r e s s  i n  20 hours. 

It ruptured i n  492 hours a t  a temperature of 300 C (572 F) 

A similar specimen i n  t h e  un i r r ad ia t ed  

Under c e r t a i n  conditions hydrogen reduces t h e  r a t e  of oxidation of graphite- 

water vapor by f a c t o r s  of 3-1/2 and 7.  

Continuous analysis of e f f l u e n t  gwes has been demonstrated as a success fu l  

way of determining instantaneous r a t e s  of oxidation of graphite by water vapor. 

The l ong  term i r r a d i a t i o n  of N-Reactor graphi te  i n  the  GETR is  progressing 

s a t i s f a c t o r i l y ,  

Three f u e l  elements were de l ivered  t o  t h e  PRTR. A shor t  clore f u e l  element, 

a prototype f o r  poss ib le  hign power dens i ty  PIiTR t e s t i n g ,  .was prepared using 

UOpf i l l ed  rods assembled i n t o  a 19-rod c l u s t e r .  

Swaging and ex t rus ion  are being evaluated f o r  f ab r i ca t ion  of plutonium a l l o y  

wire f o r  enrichment of uranium oxide p e l l e t - f i l l e d  rods. 

A new swage rod loading hood was put into service which incorporates s e v e r a l  

improvements. 
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Excess oxygen i n  nonstoichiometric U02, introduced both by roas t ing  and by 

adding U308, was found t o  e q u i l i b r a t e  a m n g  t h e  var ious  UO2 p a r t i c l e  s i z e  

f r a c t i o n s  upon heat ing  under vacuum a t  1200 C f o r  80 minutes i n  a double 

Nupac can. 

Examination after 106 hours of operation i n  t h e  PRTR rupture loop revealed 

no f u e l  washout or changes i n  t h e  appearance of an in t en t iona l ly  defected, 

p re- i r rad ia ted  (240 lYwd/ton), swage-compacted UO2 fuel element, 

Failure i n  t h e  modified end cap region of a PRTR rod, containing contaminated 

f u e l  miterial, i nd ica t e s  that end cap c rev ices  a r e  not t h e  cause of previous 

f u e l  element f a i l u r e s .  

Wchining appears t o  enhance s u s c e p t i b i l i t y  of PRTR Zircaloy c ladding  t o  

hydride a t t ack .  

The reac t ion  l aye r  on Zircaloy-2 capsules exposed t o  iodine at  400 C has been 

i d e n t i f i e d  a s  alpha-zirconium. 

The f u l l - l e n g t h ,  Mark IX-B U02 inverted c l u s t e r  f u e l  element was successfully 

i r r a d i a t e d  i n  t h e  PRDI rupture  loop and displayed no v i sua l ly  de t ec t ab le  

d.imensional changes o r  sur face  fouling. 

Capsule tests of CBWR U02-Pu02 rods are performing s a t i s f a c t o r i l y  under proposed 

42 bfw EEM conditions (60 w/cxn2 maximum heat f lux)  and t o  t h e  exposure of 

most i n t e r e s t  (-2.5 x 1020 fissions/cm3). 

Several dozen specimens of two overlapping Zircaloy s t r i p s ,  3/16" wide by 

0.010'' t h i ck ,  were spa t  welded toge ther  under water. 
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Based on v i s u a l  emmLnation, t h e  aluminum-clad f u e l  e l e m n t s  from C-1 b o p ,  

which had been exposed in-reactor for 1400 hours t o  r e c i r c u l a t i n g  water a t  

260 C o u t l e t  temperature and pH 4.5 with phosphoric ac id ,  d id  not appear t o  

have nonuniform corrosion. 

A 3/8" OD, 0.035" wall stainless s t e e l  tube,  18" long w i t h  a 0.110'' tungs ten  

hea ter  wire down t h e  middle, was v i b r a t i o n a l l y  compacted with U02  t o  85% 

t h e o r e t i c a l  density.  This rod i s  t o  be used i n  f'uel r e loca t ion  s tud ie s .  

Examination of a PuN-15 vel% Pu cermet i r r ad ia t ed  t o  an estimated burnup of  

35 x lo2' f/cm3 showed t h a t  a por t ion  of the specimen was converted to a f i n e  

powder . 
?he thermal expansion of a s i n g l e  c r y s t a l  specimen of 002 was measured between 

300 and 1600 C. 

I r r a d i a t i o n  was completed on t h e  f i r s t  of a s e r i e s  of U02 melting t e s t s  

i n v e s t i g a t i n g  t h e  e f f e c t  of stoichiometry on thermal conductivity du r ing  and 

after r e a c t o r  s t a r tup .  

A t h o r i a  element o r i g i n a l l y  conta in ing  680 ppm n i t r a t e  re leased  180.2 ml of 

gas, 170 m l  of which was after 1.1 x 1020 nvt exposure i n  t h e  ML%. 

Five i r r a d i a t e d  PRTR fue l  rods with d i f f e r e n t  fue l  f ab r i ca t ion  h i s t o r y  were 

t r a n s f e r r e d  t o  the  Radiometallurgy Laboratory f o r  sectioning. Approxi- 

mately 12-inch rod sec t ions  w i l l  be s l o t t e d ,  capped, and subjected t o  simulated 

r e a c t o r  coolant flow conditions t o  develop f i e1  wasnout datao 

m i c h e d  U0+5 w t $  PuQ,  dens i f ied  by pneumatic inpaction t o  95% TD, shows 

unj-form plutonium d i s t r i b u t i o n  by autoradiography and chemical t e s t i n g .  
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No gross i nhomgene i t i e s  i n  plutonium concentration were found i n  a sample 

of impacted, 64-iin0.1 ball-milled UO2-20% Rz02 analyzed by t h e  e l ec t ron  

microprobe, 

Spec i f ica t ions  were wr i t ten  f o r  U02 powder t o  be used i n  t h e  pneumatic 

impaction process. 

Vibrational compaction loading  of  fused U02 p a r t i c l e s  i n  a t h i n  wall Zr-2 

clad, tube-in-tube fuel. element r e su l t ed  i n  grea te r  than  66% t h e o r e t i c a l  

dens i ty  i n  both t h e  inner tube and t h e  outer  tube. 

A l l  s i x  of t h e  small cans of BeO-nickel coated PuO2 impacted rnaterial have 

been opened. The Be0 w t r i x  appeared t o  be bonded i n  all of t h e  samples, 

A highly loaded U02mniobium cermet, clad with t h i n  wall niobium tubing and 

sealed with  powdered niobium end caps was f ab r i ca t ed  by pneumatic impaction. 

The first  use of rec tangular  t oo l ing  i n  t h e  Dynapak machine was successfu l ,  

Previously reported d i f f e rences  i n  t h e  t e n s i l e  p rope r t i e s  of Inconel X-750 

have been shown t o  r e s u l t  from v a r i a t i o n s  i n  grain s i z e  r e s u l t i n g  from t h e  

conditions of heat treatment , 

Oxidation r a t e  data f o r  Bastelloy X and Haynes 25 have been obtained a t  

1120 C (2048 F) i n  var ious  pressures o f  oxygen, carbon dioxide, carbon 

monoxide, and a t m s p h e r i c  pressure air, Rate processes a r e  generally 

parabolic , 

I n t e r n a l  oxidation of co ld  worked TZ1.I exposed 11 days t o  1000 C (1832 F) 

5 x loo4 Torr a i r  was observed; for annealed TZM, p e n e t r a t i m  was neg l ig ib l e ,  
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Room temperature t e n s i l e  t es t s  on c o n t r o l  specimens of various n icke l  base 

a l loys  exposed t o  580 and 740 C (1076 and 1364 F) helium were completed and 

t h e  data compared t o  t h a t  f o r  specimens i r r a d i a t e d  under s imi la r  thermal 

conditions t o  an exposure of 9 x d9 nvt. 

Preliminary r e s u l t s  from high rate loading f r a c t u r e  experiments on A302B 

i nd ica t e  a poss ib le  c o r r e l a t i o n  between f r a c t u r e  phenomena and deformation 

behavior. 

A 10% oxalic ac id  so lu t ion  has been used t o  metallographically confirm the  

presence of martensit e i n  cold-worked 304 s t a i n l e s s  s t e e l .  

The spec ia l  ZZB C-7 loop t e s t  w i t h  a hydrogen addi t ion  t=> t h e  coolant, which 

started i n  Ju ly  1964, with a var i ed  charge o f  corrosion specimens, appears 

from water ana lys i s  t o  be progressing s a t i s f a c t o r i l y .  

The first cont ro l led  pressure-temperature swelling capsule is operat in@; 

successfu l ly  i n  a r eac to r  a t  450 C (842 F) and 1000 psi. 

Examination of t h e  r e p l i c a  from a U + FetAl specimen irradiated t o  0.16 a t %  

B.U. a t  605 C (1121 F) showed small pores attached t o  a few of t h e  second 

phase p a r t i c l e s  and almost no matrix poros i ty  or tear ing .  

The radiation-induced r eac t ion  of carbon mnoxide w i t h  water vapor was found 

t o  be very e f f i c i e n t l y  sens i t i zed  by helium. 

t o  98% helium t h e  y i e l d  of products based on t o t a l  energy absorbed was i n -  

va r i an t ,  w i t h  a Cvalue of 15. 

In  gas mixtures containing up 

The oxidation rates of a highly p u r i f i e d  graphite,  SP-6, i n  air  and i n  a i r  

w i t h  C-CQF2 i n h i b i t o r  were found t o  be grea te r  than  r a t e s  f o r  EWii-type 

graphite. The r e s u l t s  a r e  anomalous s ince  t h e  SP-6 mterial  contain3 a 

f- 



-8- 

much lower content of vanadium thought t o  be t h e  oxidation c a t a l y s t  of 

importance. 

'Be f i r s t  boronated graphite samples recovered from the  l32R i r r a d i a t i o n  

f a c i l i t y  eo-roborated e a r l i e r  r e s u l t s  obtained i n  t h e  Hanford r eac to r s .  

Increased s t i f f n e s s  i n  r o l l i n g  Z;r-2 s t r i p  has been observed on s e v e r a l  

occasions when a period of weeks has elapsed i n  t h e  fabr ica t ion  schedule, 

i nd ica t ing  a possible aging process, Laboratory tests snow t h a t  increased 

s t r eng ths  of 3000 t o  6000 p s i  can be achieved by aging; however, t h e s e  

changes do not appear t o  be s u f f i c i e n t  t o  cause t h e  apparent increases  i n  

r o l l  fo rce  which has been observed. 

I r r a d i a t i o n  of t h r e e  tubular  Zr-2 clad thorium-uranium fuel elements con- 

t inued  successfu l ly  i n  the  ETR-P7 loop. Fuel swelling continues t o  be no 

more than  expected f r o m t h e  s o l i d  f i s s i n n  products. 

increase  at 8500 Mwd/ton was 0.9%. 

The mekured volume 

I r r a d i a t i o n  o f  a u r a n i u m t e s t  rod containing a submicron d ispers ion  of 

uranium carbide i n  t h e  f u e l  has been completed. The t e s t  capsule has  been 

shipped t o  Hadiometallurgy fo r  examinat ion. 

Techniques have been developed for  strengthening the beta phase of unalloyed 

plutonium and f o r  eliminating microcracks i n  high pur i ty  plutonium. 

bblybdenum f o i l s  having t h r e e  cont ro l led  carbon contents have been examined 

by x-ray d i f f r a c t i o n  after i r r a d i a t i o n  t o  1 x 1020 nvt ( E  ) 1 MeV). 

Deformstion s tud ie s  i n  t h e  e lec t ron  microscope of i r r ad ia t ed  molybdenum have 

demonstrated t h a t  moving d is loca t ions  i n t e r a c t  with defect c l u s t e r s  and form 

jogs  which impede t h e i r  notion during g l ide ,  
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Large d is loca t ion  loops have been observed by transmission e lec t ron  microscopy 

i n  specimens of irradiated carbon-doped molybdenum which were annealed at 

750 C (1382 F) for two hours, These loops have been iden t i f i ed  to be in t e r -  

s t i t i a l  i n  character,  The charac te r  of the sraaller loops present i n  these 

specimens could not be established. 

A discont inui ty  a t  approximately 110 C (230 F) i n  the  d i f f e r e n t i a l  thermal 

analyses heating curve of plutonium has been reported by inves t iga to r s  a t  

t h e  Mound Laboratories. 

plutonium derived from hea t ing  r a t e s  o f  1 C (34 F )  per hour cnntained no 

d iscont inui ty  between 100 and 119 C (212 and 246 F), 

The spec i f i c  volume-temperature curve of high pu r i ty  

I n  t h e  event of a 

change i n  e i t h e r  c r y s t a l  s t r u c t u r e  or atomic s t r u c t u r e  in t h i s  temperature 

range, no v o l u c t r i c  change t a k e s  place. 

The first  shipment was made t o  Argonne o f  810 EBWR UO2-1.5 Pu02 f u e l  rods, 

A wet hydrogen, h i g h  temperature treatment was found t o  remve C02 and H2Cl 

from U% powder prepared from o x i b t i o n  of t h e  metal, 

Fif ty- f ive  of 474 u l t r a son ica l ly  t e s t e d  Zr-2 cladding tubes gave ind ica t ions  

of defec ts  i n  excess of 0.001 inch, 

Two UO2-62 w t %  nichrome cermet d i sc s ,  0.6" diameter, t o t a l l y  c l ad  i n  nichroxne, 

were prepared by a Hupac technique. 

Approximately 7500 20 wt% PU-Al d i scs ,  0,020 inch th ick ,  have been fabricated 

t o  c lose  tolerances by t h e  r ecen t ly  developed spiral  machining process, 
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Discs, containing 3 g/cc  UO2 ("69 vt$ 'J02), were formed using an orgmic 

binder and carefu l ly  cont ro l led  heating r a t e s ,  The 1.9" diameter by 3/8" 

t h i c k  d i s c s  machined s a t i s f a c t o r i l y  and t he  raaterisl  appears t o  be suitable 

for HTLTR coiltrol  rod sleeves,  

Two sample, 3 w t %  PU-Al, I & E  fuel elements have been fabricated and non- 

des t ruc t ive ly  tes ted  t o  determine core-to-clad contact area. 

FWA: kb 
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