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THORIUM-URANIUM-233 OXIDE (KILOROD) FACILITY - ROD 
FABRICATION PROCESS AND EQUIPMENT 

J. D. Sease, A .  L. Lot ts ,  and F. C .  Davis' 

ABSTRACT 

A f ab r i ca t ion  f a c i l i t y  with related process equi ment has 
been constructed t o  f ab r i ca t e  f u e l  rods containing U2p3 and 
thorium oxide by the  bulk oxide-vibratory compaction route  and 
i s  now i n  operation a t  the  O a k  Ridge National Laboratory. 

233-  t he  i n i t i a l  motivation f o r  the  f a c i l i t y  w a s  t o  f a b r i c a t e  U 
bearing 1/2-in.  -dim X 46-in. -long Zircaloy-2 c lad  f i e1  rods 
for c r i t i c a l i t y  experiments a t  the  Brookhaven National Laboratory, 
s u f f i c i e n t  f l e x i b i l i t y  has been incorporated i n t o  the  f a c i l i t y  
t o  accommodate a va r i e ty  of development work on a p i lo t -p l an t  
sca le .  The f a c i l i t y  cons is t s  of a number of permanent alpha- 
t i g h t  cubicles  which are shielded with 4 1/4-in. steel. 
f ab r i ca t ion  process i s  c a r r i e d  out  remotely i n  these  cubicles  
with t h e  exception of severa l  gloved-hand operations which 
occur where the  dexter i ty  required f o r  manipulation exceeds 
t h a t  of the  remote cast le- type tongs. The fab r i ca t ion  equipment 
t h a t  has been i n s t a l l e d  i n  the  f a c i l i t y  performs the operations 
associated with oxide powder comminution and c l a s s i f i c a t i o n ,  
v ibra tory  compaction of oxide i n  f u e l  tubes,  tube closure,  f u e l  
rod decontamination, and f u e l  rod inspect ion.  Both t h e  f a c i l i t y  
and t h e  process equipment a re  described i n  d e t a i l ,  and de ta i l ed  
assembly drawings of the  process equipment a re  included. 

While 

The 

INTRODUCTION 

The po ten t i a l  of t he  Th-U233 fuel cycle f o r  achieving low nuclear 

f u e l  c o s t  e x i s t s  because of t he  exce l len t  nuclear c h a r a c t e r i s t i c s  of 

U233 which has a higher eta value i n  t h e  thermal and epithermal energy 

regions than e i t h e r  U235 or Fu~~'. 
cycle must be returned t o  the  reac tor  t o  c a p i t a l i z e  on t h i s  po ten t i a l .  

Unfortunately, associated with t h e  U233 are s i g n i f i c a n t  levels of U232, 
t he  decay products of which emit penetrat ing rad ia t ion ,  thus making t h e  

Obviously, t he  U233 formed i n  the  

~ 

'Plant and Equipment Division. 
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consideration of shielding and fast processing time mandatory in thorium 
fuel cycle technoloo. The development of techniques for reprocessing 

and fabricating fuels containing thorium and U233 is, therefore, an impor- 

tant step toward fulfilling the economic potential of the system. The 

demonstration of technical feasibility and the establishment of economics 

for both reprocessing and refabrication are unquestionably essential for 
accurate determination of the worth of the thorium fuel cycle to nuclear 

power systems. 

As a first step toward developing economical processes and systems 

for remote refabrication of Th-U233-bearing fuels, a facility (known as the 
Kilorod Facility) has been constructed and is now in operation at ORNL. In 

this lightly shielded facility, space is provided to accomplish all the 

phases of fabrication of radioactive material by the vibratory compaction 

route. 
The facility and its equipment were specifically designed for making 

fuel  rods that are to be used in zero-power criticality experiments at 

Brookhaven National Laboratory (BNL) . These rods are scheduled to be made 

at a production rate of approximately 10 to 15 rods per day. Other fabri- 

cation tasks not accommodated by the BNL fuel fabrication equipment can be 

accomplished by substituting process equipment in the permanent cubicles. 

The processing of the fuel in the Kilorod Facility encompasses two 

distinct phases - bulk oxide preparation by the sol-gel process3 and fuel 
rod fabrication. 

for the rod fabrication operations which include those steps from the con- 

itioning of the oxide for loading into fuel tubes through inspection of 
the completed fuel rods. 
and process up to the commencement of operation with U233 is presented. 

Detailed assembly drawings and purchase specifications of the process 

equipment are included in the appendices. 

is a complete list of the engineering drawings for the entire facility. 

This report is concerned with the equipment and facilities 

A discussion of the development of the equipment 

Also included in the appendices 

2E. D. Arnold, "Radiation Hazards of Recycled U233-Thorium Fuels, 'I 

pp 25384 in Proceedings of the Thorium Fuel Cycle Symp osium, Gatlinburq, 
Tennessee, December 5 7 ,  1962, TID-7650, Book 1 (1963). 

ORNL-3225 (June 1962). 
3D. E. Ferguson et al., Preparation and Fabrication of Tho2 Fuels, 

. 

. 
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'S. A .  Rabin, Procurement and Evaluation -- of Hardware f o r  t h e  
- Brookhaven National Laboratory Fuel Rods, ORNL-'IN-739 ( i n  p r e s s ) .  

FlTEL ROD DESIGN 

The configurat ion of the  reference fuel rod t o  be f ab r i ca t ed  i n  t h e  

f a c i l i t y  f o r  the  BNL c r i t i c a l  experiments i s  shown i n  Fig. 1. The BNL 

experiments require  900 of these rods and 290 rods i d e n t i c a l  i n  design 

except t h a t  they are 18 i n .  i n  length ins tead  of 46 1/16 i n .  

de t a i l ed  design of these two rods may be reviewed i n  Appendix A. 

The 

The nominal compaction densi ty  w a s  not spec i f ied  by BNL but  will be 

It w a s  determined from the  average densi ty  of t he  f u e l  rods fabr ica ted .  

spec i f ied  t h a t  the  rods w i l l  have a f u e l  densi ty  of G$ of t h i s  determined 

average density,  and the  densi ty  within a f u e l  rod will be t o  '2q'O of the  

average f o r  t h a t  f u e l  rod. 

i n  t h e  "cold" operation of the  f a c i l i t y ,  an average densi ty  of  90$ of 

t h e o r e t i c a l  i s  expected. 

Based on experience with depleted ( U , T " ) 0 2  

The cone-shaped Zircaloy-2 bottom f i t t i n g  which w i l l  be used t o  

d i r e c t  the  rod i n  the  c r i t i c a l  l a t t i c e  at  BNL i s  welded onto the  tube i n  

a tungsten-iner t  gas-welding operation which i s  done outs ide t h e  f a c i l i t y .  

The annular groove i n  the  bottom plug i s  used as a handling a i d  during 

fabr ica t ion .  I n  the  f a c i l i t y ,  t he  top  plug, ceramic spacer, and spr ing 

a re  in se r t ed  i n t o  the  f u e l  tube a f t e r  compaction as a u n i t .  Tie ceramic 

spacer an3 spr ing a re  used i n  the void area a t  the  top  of t he  f u e l  r o d  

t o  prevent r e d i s t r i b u t i o n  of t he  fuel during handling. The Zircaloy-2 

top-end plug, joined onto the f u e l  tube by a fus ion  edge weld i n  the  

f a c i l i t y ,  i s  threaded t o  accommodate t h e  stainless s t e e l  hanger f i x t u r e .  

This hanger f i t t i n g  w i l l  be used t o  f a c i l i t a t e  handling of t he  fuel rod 

i n  the  c r i t i c a l  l a t t i c e .  Tie hardware procurement f o r  these rods i s  

described i n  another document. ' 
ROD FABRICATION PROCESS 

Tne procedures employed t o  f a b r i c a t e  the  BNL f u e l  rods include: 

(1) s iz ing  the  bulk U02-Th02 i n t o  an optimum p a r t i c l e - s i z e  d i s t r i b u t i o n  
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f o r  vibratory compaction, ( 2 )  vibratory compaction, (3) welding of the 

f i n a l  end closure,  ( 4 )  f u e l  rod decontamination, and ( 5 )  f u e l  rod 

inspec t ion .  

Tne s i z e  d i s t r i b u t i o n  required t o  achieve maximum density by vibra- 

to ry  compaction cons is t s  of a mixture of e i t h e r  two or three f r a c t i o n s .  

For design purposes, the  reference s i z e  d i s t r i b u t i o n  consisted of a 

mixture of th ree  s i z e  f rac t ions .  As seen i n  the  flow diagram (Fig. 2 ) ,  

these  f rac t ions  a r e  produced from the  as-received calcined oxide by a 

system of crushing, c lass i fying,  and b a l l  mil l ing.  Following comminution 

and c l a s s i f i c a t i o n  of the bulk f u e l  i n t o  the two or th ree  working f rac-  

t ions ,  quant i t ies  of each f r a c t i o n  appropriate t o  one f u e l  rod loading 

a r e  apportioned and blended together .  The weight of the  f u e l  charge i s  

then checked p r i o r  t o  t r a n s f e r  t o  the vibratory compaction f i l l i n g  

mechanism. 

I n  the  vibratory compaction operation, the blended a l iquot  of f u e l  

i s  loaded i n t o  a f u e l  tube which contains one end plug and i s  v ibra ted  

t o  the spec i f ied  density.  This loaded f u e l  tube i s  t ransfer red  t o  a 

welding f i x t u r e ,  the weld area cleaned by wire brushing, and t h e  f i n a l  

end-closure w e l d  made and v i s u a l l y  inspected. 

A t  t h i s  juncture, the loaded and sealed f u e l  rod i s  decontaminated 

by u l t rasonic  cleaning i n  water and smeared t o  check the  l e v e l  of surface 

contamination. The i n t e g r i t y  of the  end-closure weld i s  evaluated by 

helium leak checking, and the density of the fuel  i s  determined w i t h  a 

gamma-absorption scanning device. The weight of the  completed f i e 1  rod 

i s  then checked f o r  determination of the  f i n a l  f u e l  rod density.  F ina l ly ,  

t h e  hanger f i t t i n g  i s  attached p r i o r  t o  loading tne  f u e l  rod i n t o  a 

shipping cask. 

ROT) FABRICATION FACILITY 

Tifie rod fabr ica t ion  s teps  a r e  accomplished i n  shielded alpha-t ight  

cubicles  (Fig.  3) s i t u a t e d  on the bottom two f l o o r s  of a 20-ft-long X 19-f t -  

w i d e  X 27-ft-high chemical processing c e l l  ( c e l l  No.  4 ,  Bldg. 3019) which 

provides secondary containment of airborne contamination i n  the event of 

an accident.  
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UNCLASSIFIED 
ORNL-LR-DWG 76196AR 

CLEANING-INSPECTION 

Fig. 3. Overall View of Rod Fabrication Facility. 



The fabr ica t ion  process l i n e  w a s  located within a previously used 

chemical processing c e l l  t o  u t i l i z e  ex is t ing  space. 

afforded by the process c e l l  w a l l s  has l i t t l e  funct ion i n  t h i s  process. 

Tne use of the  c e l l  p x e d  a number of problems i n  design and construction. 

The l imi ted  mount of space avai lable  within the c e l l  necessi ta ted the 

design of cubicles t h a t  could be serviced from only the  top and one s ide  

and a l s o  d i c t a t e d t h e  design of some of the process equipment. The danger 

of spreading res idua l  contamination re ta ined  within t h e  c e l l  w a l l  from 

previous processes made it necessary t o  construct the  cubicle s t ruc ture  

independently of the  c e l l  s t ruc ture .  

The heavy shielding 

C e l l  Layout 

The general  c e l l  layout may be reviewed i n  Figs. 4 and 5 .  Located 

on one corner of the first level and extending t o  the t o p  of the second 

l e v e l  i s  the 4- X 7 - f t  powder-preparation shaf t .  

t h i s  s h a f t  on the  f i r s t  l e v e l  are three  fabr ica t ion  cubicles t h a t  extend 

along two w a l l s .  T'ne f i rs t  of these cubicles i s  used for vibratory 

conpaction and welding, the  second f o r  decontamination, and the  t h i r d  

for inspection. 

I n  addition, a 6- X 6-in.  p o r t  i s  provided between the  v ibra tory  compac- 

t i o n  welding cubicle and the  decontamination cubicle.  A wire screen i s  

located approximately 36 i n .  from the f l o o r  and i s  used i n  the cleaning 

and inspection cubicles t o  f a c i l i t a t e  the  recovery of a dropped f u e l  rod. 

An unshielded gloved-maintenance area,  equipped with a p l a t e  g lass  f r o n t  

and gloves, i s  located on the second l e v e l  adjacent t o  the powder- 

preparation s h a f t  and d i r e c t l y  above the vibratory compaction-welding 

cubicle  and the  decontamination cubicle.  The maintenance a rea  i s  

equipped with a la rge  bag-out por t ,  an air lock,  and a monorail crane 

which t raverses  the length of t h e  r e p a i r  area and t h e  powder-conditioning 

s h a f t  and i s  used t o  l i f t  and convey equipment. 

and t h e  r e j e c t  rod decladder are a l s o  located i n  t h i s  area.  Access t o  

the  powder-preparation s h a f t  i s  through a door i n  the rear of the s h a f t  

which i s  located on the second f l o o r  within t h e  gloved-maintenance area. 

Access t o  the  fabr ica t ion  cubicles i s  through access ports ,  normally 

sealed by s h i e l d  plugs, i n  the f l o o r  of the r e p a i r  area.  

Direct ly  adjacent t o  

The cubicles  are connected by 1 - i n . - d i m  t r a n s f e r  por t s .  

A movable worktable 
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Fig. 4. First Floor Plan - Rod Fabrication Facility. 
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Fig. 5 .  Second Floor Plan - Rod Fabricat ion F a c i l i t y .  
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Routine e t rance nd e x i t  of t h e  Kilorod F a c i l i t y  are accomplished 

A hatch through a hatch door and labyr in th  loca ted  on the  f i r s t  f l o o r .  

i n  t he  roof of the  c e l l  i s  provided for t he  en t ry  of t he  shipping cask 

or l a rge  pieces  of equipment. 

the  c e l l ,  i s  used t o  t r a n s f e r  t h e  p a r t s  through t h i s  roof hatch, 

emergency personnel hatch i s  a l s o  loca ted  on the  roof .  

An overhead bui ld ing  crane, loca ted  above 

An 

Containment 

Primary alpha containment f o r  t he  cubicles  i s  provided by an 11-gage 

mild steel  l i n e r  t h a t  i s  painted with an epoxy base (Amercoat No. 74) 

pa in t .  

the  top  and operating faces  of the  cubicles .  

designed t o  allow safe handling of t he  (Th-3 w t  $ U233)02 f u e l  ( t h e  

U233 contains 40 ppm U232) f o r  a period of 30 days a f t e r  the  p u r i f i c a t i o n  

of t he  U233. The code used for t he  shielding ca lcu la t ions  may be reviewed 

i n  another paper. 

Gamma shielding is  provided by 4 1/4-in.  armor p l a t e  placed on 

The gamma shielding w a s  

5 

A number of d i f f i c u l t i e s  were experienced i n  using the  salvaged 

surplus  armor p l a t e  t h a t  was employed f o r  the  gamana sh ie ld .  

p l a t e  had t o  be surfaced before using because of many i r r e g u l a r i t i e s  i n  

t h e  surface.  

extremely d i f f i c u l t .  

necessary t o  place some addi t iona l  s m a l l  holes  i n  the  armor p l a t e .  

These holes ,  less than 1 i n .  i n  d i m e t e r ,  were m a d e  w i t h  some d i f f i cu l ty  

using standard d r i l l i n g  procedures. 

The armor 

The p l a t e  w a s  laminated,thus making the  burning of holes 

After  e rec t ing  the  s h i e l d  i n  t h e  c e l l ,  it was  

Vent i la t ion  

Tne f a c i l i t y  v e n t i l a t i o n  system (Fig.  6 )  was  designed s o  t h a t  t he  

operating cubicles  w i l l  be maintained a t  a pressure below atmospheric 

through the use of ex i s t ing  v e n t i l a t i o n  systems i n  the v i c i n i t y  of t he  

c e l l .  The c e l l  i s  maintained a t  -0.3-in. water gage pressure with 

respec t  t o  ambient, and the  cubicles  a re  maintained a t  -0.3- t o  4 . 3 5 - i n .  

5E. D.  Arnold and B. F. Maskewitz, SDC - A Shielding Design 
Calculat ion Code for Fuel Handling F a c i l i t i e s ,  ORNL-TM-1% (Jan. 1962). 
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OPERATION: 

AIR FLOW FROM PENTHOUSE THROUGH THE CELL AND - 
CUBICLES IS GENERATE0 BY NEGATIVE PRESSURE IN 
THE "VENTILATION OFF-GAS DUCT:' CELL AN0 CUBICLE 
STATIC AIR PRESSURES ARE ADJUSTED AS INDICATED 
WITH BUTTERFLY VALVES AND DAMPERS. AIR-FLDW 
DESIGN IS BASED ON A 3O0F TEMPERATURE RISE 

@ BACK FLDW PREVENTER 
MANUAL DAMPER 

aamn PRE-FILTERS 
BUTTERFLY VALVES THROUGH THE CUBICLES. 

Fig. 6 .  Cell Ventilation System. 
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water gage with respect  t o  the  c e l l .  

c e l l  and cubicles  i s  f i l t e r e d  with high e f f ic iency  f i l t e r s .  Cubicle 

and c e l l  pressures are  cont ro l led  by manually operated dampers and safe- 

guarded with backflow preventers and d i f f e r e n t i a l  pressure alarms and 

indica tors .  Also, the  backflow of air  from the  cubicles  i n t o  the c e l l  

i s  f i l t e r e d  through absolute f i l ters .  After construct ion,  the  exhaust 

f i l t e r  housing was  modified t o  include a slide-through f i l t e r  chamber 

which enables the  changing of one f i l t e r  by displacing it w i t 5  i t s  

replacement, thus maintaining a f i l t e r  i n  the  air  stream at  a l l  times. 

A l l  a i r  en ter ing  and leaving the  

Drainage 

Drainage i s  accomplished on the second floor by simple grav i ty .  

The f i r s t - f l o o r  l eve l ,  below the  l e v e l  of the  grav i ty  drain,  i s  drained 

by means of a steam-jet  system. Water l i n e s  a re  ava i lab le  f o r  water 

t rapping the  drains  t o  prevent backflow of a i r  from t h e  hot-drain l i n e .  

I n  the  powder-preparation sha f t  and welding-vibratory compaction cubicle,  

where open water i n  the  drains  cannot be to l e ra t ed ,  a hand-operated cut-  

o f f  valve i s  employed. A disadvantage of t h e  i n s t a l l e d  s t e m - j e t  system 

i s  t h a t  t h e  piping and s t e m  jets a r e  loca ted  within t h e  operating area,  

thus present ing a severe contamination problem i n  the  event of a rap ture  

of these l i n e s .  To improve the  o r ig ina l ly  i n s t a l l e d  steam-jet  system, 

a l l  screw-type connections were replaced with welded J o i n t s  i n  order t o  
reduce the possibility of a leak. 

Penetrations 

Tne loca t ion  of all c e l l  penetrat ions and d e t s i l e d  assembly drawings 

of t he  penetrat ions may be reviewed i n  Appendix B. 

Glove and Manipulator Ports- ----- 
A spec ia l  multipurpose por t  i s  employed i n  t h e  f a c i l i t y  -that may be 

f i t t e d  w i t h  e i t h e r  a glove or a cast le- type manipulator, and these u n i t s  

may be interchanged while maintaining an alpha-t ight  seal .  With t h i s  

p x t  design, t he  pemanent cubicles  are given the  f l e x i b i l i t y  of being 

equipped f o r  d i f f e r e n t  processes t h a t  may have d i f f e r e n t  manipulation 

requirements. 
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'.me f l e x i b i l i t y  of t h e  por t s  i s  gained through t h e  use of an adapter 

r i n g  t h a t  can be f i t t e d  with e i t h e r  a glove or a manipulator boot. 

replacement or t h e  interchanging of a glove or boot i s  accomplished by 

displacing the  adapter r i n g  by another r ing ,  t h e  replaced u n i t  being 

pushed completely through t h e  por t  and i n t o  the  cubicle .  The alpha- 

sea l ing  r ing  i n  the  por t  opening i s  s u f f i c i e n t l y  wide t o  engage the  

replacement adapter u n i t  before the  replaced u n i t  i s  discharged i n t o  the  

' cubicle;  thus,  an alpha-t ight  s e a l  i s  maintained during t h i s  replacement 

The 

operation. 

The use of these por t s ,  however, caused some d i f f i c u l t i e s  i n  i n s t a l -  

l a t i o n  and operation. 

seal with the  r ing  made t h e  displacement process extremely d i f f i c u l t ,  

mainly as a r e s u l t  of s l i g h t  warping of t he  por t  i n s e r t  during i n s t a l l a -  

t i o n .  

p a r t s  of the  c a s t l e  j o i n t  and t h e  glove-shield plug i n t o  the  por t  

extremely d i f f i c u l t  . 

The t i g h t  tolerances required t o  e f f e c t  t he  alpha 

This warping of t he  i n s e r t s  a l s o  made t h e  f i t t i n g  of the  mating 

Castle Manipulators 

The c a s t l e  j o i n t s  and tongs (Fig.  7 )  a r e  standard Al l ied  Engineering 

models t h a t  were modified t o  obtain b e t t e r  alpha sea l ing  of t he  tongs.  

With t h e  c a s t l e  manipulator, it i s  possible  t o  perform only  the  simplest  

manipulation as no wrist or elbow ac t ion  i s  present .  

handling f inge r s  were developed f o r  the  tangs.  These f ingers ,  which 

cons is t  of 1 1/2-in.  t ' ~ ' t  groove p l a t e s  and 1 1/2-in.  pressure p l a t e s ,  

w e r e  made by increasing t h e  width of t h e  standard f inge r s  from 1/2 t o  

1 1/2 i n .  and by a t tach ing  1/2-in.  p l a t e s  t o  each s ide  of the manipulator 

f inge r s .  

Spec ia l  rod- 

Glove Port  Shields  

Each glove por t ,  when not  i n  use, i s  f i t t e d  with a 4- in . - thick l ead  

plug. 
t h e  adapter r i n g  i n  a manner similar t o  the  j o i n t .  

This plug has t h e  same contour as the  c a s t l e  j o i n t  and f i t s  i n  

Bag-Out Ports 

The two permanent bag-out ports, loca ted  i n  t h e  cleaning and the  

inspect ion area, a r e  of a r ight-angle  design. The r ight-angle  
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configuration of the por t s  w a s  necessary t o  lower the  e x i t  penetration 

l e v e l  below the glove-manipulator por t  l e v e l  due t o  l i n e a r  space limita- 

t i o n s  while maintaining t h e  i n - c e l l  entry l e v e l  a t  a su i tab le  glove- 

working height.  The por t s  are equipped with a track-mounted gamma sh ie ld .  

A spec ia l  bag-out por t  t h a t  can be used i n  any of the glove- 

manipulator ports  w a s  developed. This port ,  which uses t h e  pr inciple  

of the glove-boot adapter r ing,  i s  employed mainly on the powder- 

preparation s h a f t  where no bag-out por t s  are avai lable .  

Valve Connectors ----- 
The operation of a l l  the valves i n  the powder-preparation shaf t  i s  

performed e i t h e r  with f l e x i b l e  s h a f t  connectors o r  with shaf t  universal-  

j o i n t  connectors. The o r i g i n a l  design c a l l e d  f o r  the exclusive use of 

the  f lexible- type connector; however, t h e  la rge  amount of backlash 

present i n  the  f l e x i b l e  linkage precluded t h e i r  use i n  several  instances 

Tne universal- joint- type connectors a r e  used on the  2-in. bypass valve, 

the  b a l l - m i l l  r o t a t i o n  mechanism, and the -16 +59 bypass valve. 

Windows -- 
For viewing purposes, t h e  cubicles a r e  f i t t e d  with e i g h t  6-in.-diam 

round and twelve 6- X 12-in.  rectangular,  6 .2  g/cm3 density,  lead-glass 

windows t h a t  are 4 i n .  th ick .  

E l e c t r i c a l  - 
E l e c t r i c a l  e n t r i e s  i n t o  the c e l l  a r e  made using standard rubber- 

coated cables through rubber-compression grommets. 

PROCESS EQUIF" 

I n  t h e  design of the  f a b r i c a t i o n  equipment, standard commercially 

avai lable  u n i t s  were u t i l i z e d  wherever pract icable;  however, the  majority 

of the  equipment w a s  spec i f ica l ly  designed f o r  the  process. Where a 

commercial uni t  was  used, extensive modification of the  u n i t  w a s  usually 

necessary before it could be incorporated i n t o  the process scheme. 

A s  would be expected from experimental equipment of t h i s  nature, a 

la rge  nimber of d i f f i c u l t i e s  were encountered i n  t h e  as-designed stage.  
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To evaluate t h i s  equipment, it w a s  therefore  necessary t o  t e s t  each 

piece of equipment under simulated conditions before i n s t a l l i n g  it i n  

the  f a c i l i t y .  

t h e  process l i n e  w a s  again thoroughly evaluated with s tand-in oxide 

before t h e  U233-bearing f u e l  w a s  introduced. 

After  the  i n s t a l l a t i o n  of t he  equipment i n  the  f a c i l i t y ,  

The following i s  a discussion of the  equipment t h a t  i s  cur ren t ly  

being used i n  t h e  f a c i l i t y .  

equipment may be reviewed i n  Appendix C.  Purchase spec i f ica t ions  f o r  

major  components not included i n  Appendix C may be reviewed i n  Appendix D.  

Detailed assembly drawings of t he  process 

Powder-Preparation Equipment 

Tne pawder-preparation equipment was designed t o  a f ford  maximum 
dust confinement and t o  use grav i ty  f o r  t ranspor t ing  t h e  fuel through 

pipes from one e q u i p e n t  u n i t  t o  t he  next.  A l l  t he  equipment i n  t h e  

powder-preparation sha f t  (Fig.  8) i s  remotely cont ro l led  e i t h e r  e l e c t r i -  

c a l l y  o r  by f l e x i b l e  sha f t s .  

i n  place through glove-access po r t s .  To f a c i l i t a t e  major  r epa i r s ,  the  

equipment i s  mounted on movable racks i n  t h e  f r o n t  ha l f  of t he  sha f t .  

The defect ive piece of equipment can be removed by pushing t h e  equipment 

rack t o  t he  rear and l i f t i n g  t h e  piece with the  h o i s t  and t ranspor t ing  

it onto the  h o i s t  monorail t o  t he  r epa i r  area. 

Minor r epa i r s  t o  the  equipment a r e  made 

The j a w  crusher and b a l l  mill a re  loca ted  on the top  rack of t h e  

shaf t .  Di rec t ly  above the j a w  crusher i s  a valve t h a t  i s  used t o  con- 

t r o l  t he  rate of feed t o  the  j a w  crusher.  The c l a s s i f i e r ,  loca ted  

d i r e c t l y  below the  j a w  crusher and b a l l  mill, continuously c l a s s i f i e s  

t he  feed  mater ia l  i n t o  dispensing hoppers. 

c l a s s i f i e r  i s  cont ro l led  e i t h e r  by t h e  feeder  valve cont ro l l ing  the  feed 

t o  the  j a w  crusher o r  by a feeder  valve cont ro l l ing  t h e  feed r a t e  from 

the  b a l l  mill. 
working f r ac t ions  and three  f o r  t h e  recycle  f r a c t i o n s  - are loca ted  

around the  base of t he  c l a s s i f i e r .  The th ree  recycle s torage hoppers 

are connected d i r e c t l y  t o  a recycle  manifold. 

empties i n t o  a recycle  hopper t h a t  conveys material t o  the  j a w  crusher 

o r  t h e  b a l l  mill f o r  recycl ing.  

The r a t e  of feed t o  t h e  

S ix  t ransparent-glass  storage hoppers - th ree  f o r  t he  

The recycle  manifold 
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Fig. 8. Overall View, Powder-Preparation Shaft. 
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Direct ly  below the c l a s s i f i e r  i s  a remote weigher where exact 

quant i t ies  of each of the working f r a c t i o n s  a r e  obtained. A s  each 

f r a c t i o n  i s  weighed, it i s  dumped d i r e c t l y  i n t o  the blender located 

below the  weigher. The blended fuel charge, which i s  emptied i n t o  a 

bel l -valve t r a n s f e r  f l a s k  from the blender, i s  t r a n s f e r r e d  by a 

manipulator t o  a top-loading, direct-reading sca le  located d i r e c t l y  

behind the  blender. After check weighing the f u e l  charge, the  charge 

i s  then t ransfer red  by two manipulators t o  the v ibra tory  compaction 

f i l l i n g  mechanism. 

area of t h i s  t r a n s f e r  which allows rad ia t ion  monitoring of the  f u e l  

charge a t  t h i s  juncture.  Each major component of the  powder-preparation 

s h a f t  i s  discussed i n  the  paragraphs t h a t  follow. 

A rad ia t ion  monitoring s t a t i o n  i s  provided i n  the  

J a w  Crusher 

Suff ic ien t  crushing capacity and y i e l d s  are obtained by employing 

a standard laboratory-size j a w  crusher (Fig.  9 ) .  The crusher w a s  

modified t o  allow continuous feeding and discharging and t o  e f f e c t  

maxim-im dust confinement. 

The major l imi ta t ions  of using a j a w  crusher of t h i s  nature i n  a 

remote f a c i l i t y  are (1) the tendency of the  crusher t o  jam under excess 

feed rates and ( 2 )  the  di:fficulty of changing the  j a w  crusher opening. 

The jamming tendency can he solved readi ly  by c lose ly  cont ro l l ing  the  

r a t e  of feed t o  the crusher.  Clanging of t h e  j a w  crushing opening, 

however, requires  disconnections of the powder l i n e s  leading t o  the  

crushing and the i n s e r t i o n  of shim metal behind the s ta t ionary  j a w .  

B a l l  M i l l  --- 
A b a l l  m i l l  (Fig. l o )  i s  used f o r  s i z i n g  the f i n e  and intermediate 

f r a c t i o n s  f o r  vibratory compaction. A s  designed, the  mill i s  capable 

of being f i l l e d ,  b a l l  mil l ing the  oxide, and discharging while remaining 

sealed from the cubicle atmosphere. Because of the  s m a l l  volume of f u e l  

t o  be processed, a standard l - g a l  alumina grinding jar and a s ingle  roll 
mill were incorporated i n  a device t h a t  would allow the  grinding jar t o  

be r o t a t e d  on two separate axes simultaneously. For mill ing,  the grinding 

jar i s  charged with approximately 2800 g of 5/8-in.-diam high-alumina 

porcelain grinding b a l l s .  
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Fig. 9. J a w  Crusher. 
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The o r i g i n a l  b a l l  m i l l  w a s  t o t a l l y  unsat isfactory because of a 

bas ic  design e r r o r  t h a t  required the  alignment of th ree  f l o a t i n g  axes 

of r o t a t i o n  simultaneously. 

design fea tures ,  there  i s  doubt as t o  whether a m i l l  of t h i s  nature can 

be made s u f f i c i e n t l y  r e l i a b l e .  "lie requirement t h a t  the  bearings m z s t  
operate i n  t h e  very abrasive enviroment  associated with the  b a l l  mill 

i s  reason for t h i s  doubt. A possible answer t o  the  b a l l - m i l l  problem 

may be found by using a continuous throughput b a l l  m i l l .  However, 

commercial u n i t s  of tlnis type t h a t  are avai lable  are qui te  la rge .  

for a la rge  production f a c i l i t y  where a side-loading batch m i l l  can be 

employed, the  number of problems t h a t  are present i n  t h i s  s m a l l  m i l l  

should be grea t ly  decreased. 

Although the  present mill incorporates good 

Also, 

Classifier 
An 18-in. ,  five-deck, vibratory separator i s  employed for c lass i fy ing  

the  crushed and ground mater ia l  i n t o  i t s  d i f f e r e n t  s i z e  f r a c t i o n s .  The 

c l a s s i f i e r  (Fig.  11) used i n  the  f a c i l i t y  i s  a commercial u n i t  t h a t  was 

modified t o  minimize dust  and mater ia l  holdup. 

One major l i m i t a t i o n  of a screen c l a s s i f i e r  i n  a remote f a c i l i t y  i s  

the  tendency of screens t o  b l ind .  

system i s  not considered ser ious s ince the  an t ic ipa ted  process throughput 

for the  Kilorod commitment i s  only a f r a c t i o n  of the designed throughput 

of the c l a s s i f i e r  u n i t .  I n  a l a r g e  production f a c i l i t y ,  screen bl inding 

ma,y present a ser ious problem. The c l a s s i f i e r  a l s o  presents t h e  l a r g e s t  

material holdup problem i n  powder preparation. 

Blinding i n  the present c l a s s i f i e r  

- Storage Hoppers 

Eie c l a s s i f i e d  material i s  discharged i n t o  Pyrex g lass  storage 

hoppers. The g lass  storage hopper a l l o w s  a v i s u a l  determination of the 

amount of processed mater ia l  of each s i z e  f r a c t i o n .  

Recycle Hopper - 
The recycle hopper w a s  designed t o  l i f t  raaterial  f o r  recycling t o  

the  j a w  crusher and b a l l  mill. The apparatus, which i s  chain driven by 

a hand crank outside the  cubicle,  cons is t s  of a hopper t h a t  i s  mounted 

on a v e r t i c a l  t r a c k  t h a t  runs t h e  height  of the cubicle and a cam 
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mechanism f o r  swinging the hopper 

problem with the  hopper mechanism 

as s emb l y  . 

i n t o  and out of posi t ion.  The main 

w a s  i n  t h e  i n i t i a l  l ineup of the 

Feeder Valves -- - 
For cont ro l l ing  the r a t e  of feed t o  the j a w  crusher and/or the 

c l a s s i f i e r ,  a motor-driven vane-type feeder valve i s  employed. The rate 

of feed i s  control led by the  dr ive motor which i s  a stepping-type 

synchronous motor. The major d i f f i c u l t y  i n  the use of the  vane valves 

w a s  experienced i n  developing a su i tab le  speed-control c i r c u i t  f o r  the 

stepping motors. 

Powder Flow-Control Valves 
--I_-- 

Standard s t a i n l e s s  s t e e l  b a l l  valves with Teflon packing a r e  

employed t o  control  powder flow. The b a l l  valves have worked s a t i s f a c -  

t o r i l y  i n  the pawder l i n e s ;  however, the  force required t o  operate the  

valves was  much higher than o r i g i n a l l y  an t ic ipa ted .  

t rouble  was  experienced because of i n s u f f i c i e n t  s t r u c t u r a l  s t rength of 

the  components of the valve extension handles. A torque of 50 t o  100 l b  

i s  sometimes required t o  operate these valves .  

A grea t  deal  of 

Bypass Valve 

A s p e c i a l  plug-type valve i s  used t o  d i v e r t  powder flow between 

l i n e s .  

s a t i s f a c t o r y  . 
Using Teflon sea l ing  r ings,  the  valves work e a s i l y  and have been 

Piping - 
Standard sched-40 s t a i n l e s s  s teel  pipe i s  used t o  convey the  powder 

from one u n i t  t o  the  next. 

material; 1- in .  pipe i s  used f o r  the other  f rac t ions .  "Flex-master" 

couplings were used as pipe connectors t o  f a c i l i t a t e  the maintenance of 

the equipment. Tnese couplings, however, have proven very d i f f i c u l t  t o  

i n s t a l l  remotely and also present  a s m a l l  area where material i s  re ta ined.  

The amount of f u e l  re ta ined  per j o i n t  i s  s m a l l  but the t o t a l  f o r  the 

e n t i r e  system i s  s i g n i f i c a n t .  

Two-inch pipe i s  used when handling +5 aesh 
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Line Vibrators --- 
Pulsating magnetic-line v ibra tors  are used t o  help t ranspor t  the 

powder through the  l i n e s .  I n  the powder-preparation s h a f t ,  e igh t  v ibra tors  

a r e  used. 

Weigher 

The remote wei&er (Fig.  12), employing a standard commercial sca le ,  

cons is t s  of one scale  and three  individual ly  control led feeders contain- 

ing the three  s i z e  f rac t ions .  The weigher uses a one-to-one r a t i o  sca le  

with an "over-under" weight-type indicator ,  precis ion feeder cutoff  con- 

t r o l s ,  an impact-free dumping mechanism, and an automatic dumping weighing 

pan. 

the  desired weight of each of the  three  f r a c t i o n s .  

The feeders a r e  e l e c t r i c a l l y  l inked t=, weights t h a t  correspond t o  

Tine major l i m i t a t i o n  of the  weigher i s  associated with t h e  powder- 

dusting problem. 

enclosure reduces the  dust spread; however, t h i s  grea t ly  hampers t h e  

amount of in-place adjustment and maintenance. 

Containing the  scale  and feeders i n  a dus t - t igh t  

Blender 

The blender (Fig.  13) i s  a 4-qt twin-shel l  type t h a t  'employs a cam- 

actuated sea t ing  mechanism f o r  connecting and disconnecting t h e  blender 

from the powder l i n e s  while maintaining a dus t - t igh t  seal. 

ing, the powder i s  emptied i n t o  a b e l l  valve t r a n s f e r  b o t t l e  f o r  t r a n s f e r  

t o  the vibratory compaction apparatus. This machine has presented no 

d i f f i c u l t i e s  whatsoever. 

After blend- 

Direct - Readi ng Scale 

The fuel charge i s  check weighed on a direct-reading top-loading 

balance t o  an accuracy of k O . 1  g. 

Reject Rod Decladder 

The r e j e c t  rod decladder (Fig. 14) ,  located i n  the  glove-maintenance 

area and connected t o  the powder-preparation a r e a  by a pipe, i s  used t o  

re turn  powder from re jec ted  f u e l  rods back t o  the  powder-preparation 

system. The decladder cons is t s  of a Plexiglas enclosure i n  which i s  

located a rod posi t ioner ,  a tubing c u t t e r ,  and a funnel f o r  receiving 
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Fig. 12. Remote Weigher. 
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Fig. 13. Blender. 
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Fig. 14. Reject Rod Decladder. 
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the  f u e l .  After removing the  bottom end plug from the rod, powder i s  

removed by tapping along the  length rod with a soft-faced mallet. 

Vibratory Compaction Apparatus 

The uniformity with which a f u e l  tube i s  loaded and the  r i g i d i t y  

with which the tube i s  held during v ibra t ion  a re  important considerations 

i n  the design of vibratory compaction apparatus. The vibratory compac- 

t i o n  equipment (Fig.  15)  cons is t s  of two main components - the tube- 

f i l l i n g  assembly and the  chuck assembly. The t u b e - f i l l i n g  assembly i s  

located i n  the  powder-preparation shaf t  a t  the upper r i g h t  corner of the  

vibratory compaction welder cubicle,  but it i s  separated from it by a 

nylon i r is  valve. The f u e l  tube i s  inser ted  through the ir is  i n t o  the 

f i l l e r  mechanism. 

The t u b e - f i l l i n g  assembly cons is t s  e s s e n t i a l l y  of a hopper i n t o  

which blended f u e l  i s  received and a vibratory feeder which enables 

c lose control  of the f u e l  feeding. Also included i n  t h i s  assembly are 

a funnel for di rec t ing  the f u e l  i n t o  the tube without spreading dust 

and a mechanism f o r  applying a s t a t i c  load t o  the f u e l  column during 

v ibra t ion .  Eie s t a t i c  load mechanism, which weighs 0.7 kg, consis ts  of 

a rack gear connected d i r e c t l y  t o  a load and a disengageable pinion gear 

t h a t  enables the  lowering of the s t a t i c  load onto the  f u e l  column. The 

rack gear a l s o  serves as a d i r e c t  means of measuring the  height of the 

fuel column i n  the tube. 

The vibrator-chuck assembly cons is t s  of an anvi l ,  t o  which the 

chuck i s  attached and through which t h e  v i b r a t i o n a l  energy i s  transmitted,  

and a "Branfordft6 variable-impact v i b r a t o r .  

actuated s l iding-tapered j a w s .  When the  chuck i s  closed on the f u e l  rod, 

the  tapered j a w s  engage the  annular groove i n  the  end plug of the  rod 

making a r i g i d  connection. The chuck and a n v i l  a r e  placed ins ide  the  

cubicle.  To allow f o r  convenient servicing,  the  v i b r a t o r  i s  located 

outside the  cubicle and i s  sealed from the cubicle by a neoprene diaphragm. 

The chuck employs e m -  

I_ 

'Ivhnufactured by t h e  Branford Company, New Br i ta in ,  Connecticut. 
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Fig. 15. Vibra tory  Compaction Equipment. 
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Fuel Rod Elevator 

Empty f u e l  rods are  introduced i n t o  the vibratory compaction chamber 

from the glove-maintenance area by means of an e leva tor .  The elevator ,  

which i s  actuated i n  t h e  glove-maintenance area, cons is t s  of  a hand crank, a 

rod-holding bob for 10 t o  1 2  rods, a linkage chain, and an elevator  s h a f t .  

End-Cap Welding Machine 

T;ie v e r t i c a l  end-cap welding machine (Fig.  16)  w a s  s p e c i f i c a l l y  

designed t o  weld the  top  end plug onto the f u e l  rod by a fus ion- l ip  weld. 

The u n i t  i s  a l s o  equipped with a press f o r  sea t ing  t h e  top end plug on 

the f u e l  rod immediately a f t e r  the  rod has been evacuated and backf i l led  

with helium. 

an elevat ing mechanism and the  welding chamber. 

The welding machine i s  comprised of two main components - 

The elevat ing mechanism employs a synchronous dr ive motor and a lead 

screw arrangement f o r  i n s e r t i n g  the  f u e l  rod i n t o  the  welding chamber. 

A s  the  e levator  sea ts  the  rod i n t o  the chamber, the  e leva tor  contacts a 

compression grommet which e f f e c t s  a vacuum s e a l  around the rod. 

The tungsten-arc torch and the  end-plug press  a r e  located i n  the 

welding chamber. 

driven arrangement f o r  i n s e r t i n g  the  end plugs. 

by two h igh- ra t io  lead-screw motor arrangements. During welding, the  

rod i s  r o t a t e d  a t  approximately 6 rpm by a constant-speed motor. 

l i f t i n g  mechanism i s  provided t o  remove the  welding chamber cover i n  

order t o  change t h e  tungsten welding t i p .  

The press  uses a lead  screw and a synchronous motor- 

The torch i s  posit ioned 

A 

Decontamination Equipment 

A 1-kw ul t rasonic  cleaner (Fig.  17) i s  used t o  decontaminate the  

completed f u e l  rods one a t  a t i m e .  

t h a t  embodies a mechanism for holding and r o t a t i n g  the  rods during 

cleaning. The cleaning cycle,  which i s  manually control led,  cons is t s  

of f i l l i n g ,  cleaning, emptying, spray-rinsing, and drying. 

The cleaner i s  equipped with a cover 
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Fig. 16. End-Cap Welding Machine. 
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Fig. 17. Ultrasonic Cleaner. 
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H e l i u m  Leak Detection System 

The welded and decontaminated rod i s  checked f o r  leakt ightness  with 

a mass-spectrometer helium leak detector  having a s e n s i t i v i t y  of 

1 X lo-’’ s t d  cm’/sec. 

rod i s  placed, a standard leak, the leak detector ,  and a roughing vacuum- 

pump s t a t i o n .  

f o r  the rod from the pumping and detect ion s t a t i o n .  

The system includes a chamber i n  which the f u e l  

P a r t i c l e  f i l t e r s  a r e  used t o  i s o l a t e  the  vacuum chamber 

Gamma Scanner 

The scanner (Fig.  18) cons is t s  of a t r o l l e y  f o r  passing the f u e l  rod 
a t  a constant speed through a l/S- X 3/8-in. collimated gamma beam provided 

by a 1-curie  Co60 source and a N a I  detect ing c r y s t a l  with i t s  r e l a t e d  

power supply and recording equipment. Variations i n  the scanning speed 

from 1 t o  10  ipm a r e  obtained through the  use of a var iab le  speed dr ive 

motor on the t r o l l e y .  Before scanning each rod, the  scanner i s  C a l i -  

b ra ted  by scanning a standard density rod. The standard rods contain 

lead- t in  a l l o y s  which have been calculated and t e s t e d  t o  show a density 

of 88, 89, and 9@ of t h e o r e t i c a l .  

rods were t o  be used f o r  c a l i b r a t i o n  purposes; however, inhomogeneity 

within p e l l e t s  i n  t h e  density range of i n t e r e s t  precluded t h e i r  use. 

Originally,  ThO2-UO2 p e l l e t  

Shipping Cask 

The shipping cask, designed t o  hold 120  rods, i s  loaded i n  the  

hor izonta l  pos i t ion  i n  the f a c i l i t y  and then discharged v e r t i c a l l y  at  

i t s  dest inat ion.  For loading, the  cask i s  held on a dol ly  i n  the horizon- 

t a l  pos i t ion  and secured t o  the  cubicle door with turnbuckles. 

l a t t i c e  s t r u c t u r e  which i s  provided i n  the  cask t o  pos i t ion  the rods i s  

p a r t i a l l y  i n s e r t e d  i n t o  the loading cubicles t o  f a c i l i t a t e  loading by 

tongs. After loading, the l a t t i c e  i s  r e t r a c t e d  i n t o  the cask, the top  

secured, and the  cask removed by means of an overhead bui lding crane. 

During production, two casks w i l l  be used i n  a s h u t t l e  system. 

The 
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Fig. 18. Gamma Scanner. 
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CONCEPT OF OF'EXATION 

The f a c i l i t y  and process equipment were planned s o  t h a t  the  radia- 

t i o n  exposure t o  operating personnel would be held t o  an absolute minimum. 

I n  operations where f u e l  mater ia l  i s  present,  the work i s  viewed through 

lead  g lass  windows, and a l l  necessary manipulations except where noted 

are performed with remote controls  o r  with the  nonarticulated cast le- type 

manipulators. I n  most cases, each viewing window i n  the f a c i l i t y  i s  

complemented with two i d e n t i c a l  glove-manipulator por t s .  

area of operation i s  described below. 

Each spec i f ic  

Powder-Preparation Shaft  

Placement and design of t h e  equipment i n  the  powder-preparation 

s h a f t  were planned f o r  dust  confinement, but it was recognized t h a t  

during operation there  would be an accumulation of dust on the outside 

surfaces  of the  equipment. The equipment w a s  not designed for maximum 

dust confinement because of the  prohibi t ive expense. I n  t h e  equipment 

s h a f t ,  no d i r e c t  manipulation i s  required as a l l  operations are 

performed remotely with e i t h e r  e l e c t r i c a l  or mechanical l inkages.  

t r a n s f e r  of t h e  loaded f u e l  b o t t l e  from the  blender t o  the  v ibra tor -  

feeder  assembly i s  accomplished through t h e  use of three manipulators. 

Manipulator-to-manipulator t r a n s f e r  i s  required t o  accomplish t h i s  

operation. 

Tne 

Vibratory Compaction 

Design of the vibratory compaction and welding cubicle w a s  t o  con- 

f i n e  areas  i n  which f u e l  i s  openly handled. The f u e l - f i l l i n g  assembly 

i s  separated from the main cubicle and i s  ac tua l ly  i n  the powder prepara- 

t i o n  area because of the  dusting problem associated with t h i s  component. 

Toe v i b r a t o r  i s  housed i n  a separately enclosed compartment i n  the  lower 

r i g h t  corner of the cubicle t o  f a c i l i t a t e  maintenance and transmits i t s  

force through a piston, alpha sealed with a neoprene diapbragm. Access 

t o  the v i b r a t o r  i s  from the operating area.  



37 

,- 

One area where handling of the f u e l  with gloved hands and,hand 

tongs i s  required i s  i n  the  v ibra tory  compaction welding cubicle .  

operations of removing a rod fram the  fuel e leva tor  and placing it i n t o  

the  v ibra tory  chuck, unchucking and placing the  rod i n  t h e  welder, 

removing the  rod from the  welder, and t r ans fe r r ing  t h e  rod t o  the  clean- 

ing cubicle  require  more dexter i ty  than can be accommodated by the  c a s t l e  

tong. 

cubicle .  

The 

A t  no time i n  the operations a re  the re  more than two rods i n  t h i s  

Decontamination 

The u l t rasonic  decontamination system w 11 accommodate one f u e l  r o  

Handling of t he  f u e l  rod and operation of the  u n i t  are done at a t i m e .  

with a manipulator. 

cubicle  for smearing the  f u e l  rod and t r ans fe r r ing  smear samples. 

decontaminated f u e l  rod i s  t r ans fe r r ed  t o  the  inspect ion cubicle  through 

a small-diameter pass-through por t .  

A glove por t  i s  provided i n  t h e  decontamination 

"lie 

Inspection and Loading 

Transfer of t h e  rod t o  the  densi ty  checker and densi ty  scanning are 

After  scanning, the  rod i s  helium leak  checked a f t e r  done remotely. 

being placed i n  the  t e s t  chamber with a gloved hand and hand tong. The 

attachment of t he  hanger f i t t i n g  requi res  dexter i ty  beyond the  capabil-  

i t i e s  of the c a s t l e  manipulator and i s  done w i t h  tongs and a gloved hand. 

The loading of t h e  f u e l  rod i n  the  shipping cask i s  performed with a 

manipulator. 

OPERATING EXPERIENCE 

Mockup 

The accelerated nature of the  program made it imprac t ica l  t o  con- 

s t r u c t  an integrated-mockup; therefore ,  each piece of equipment w a s  

' evaluated independently. I n  addi t ion,  t he  powder-preparation equipment 

w a s  p a r t i a l l y  mocked up. 

(Fig.  19)  w a s  performed i n  two sec t ions  because of t he  working height  

l i m i t a t i o n  of the  ava i lab le  laboratory area.  

The mockup of the powder-preparation equipment 
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D n i n g  the  mockup period, a la rge  number of assembly and design 

e r r o r s  were corrected.  I n  the  powder-preparation equipment, the major 

problem areas  were i n  the  jamming of t he  j a w  crusher and i n  the  design 

of t he  b a l l  mill. I n  the  v ibra tory  compaction u n i t ,  major  modifications 

were made t o  the  fuel-feeding system and t h e  f u e l  rod-holding chuck. 

Tne i n i t i a l  design of the welder had a variable-speed rod-rotat ing dr ive 

motor; however, the  high-frequency a rc - s t a r t i ng  mechanism caused e r r a t i c  

behavior of the  synchronous stepping motor; thus,  a change t o  a constant-  

speed motor w a s  necessi ta ted.  No i n i t i a l  d i f f i c u l t i e s  w e r e  experienced 

with the  u l t r a son ic  c leaner  except f o r  the  extremely slow drying cycle.  

Modifications were made t o  cor rec t  t h i s  inadequacy. The major d i f f i c u l t y  

with the  g m a  scanner w a s  experienced i n  the  alignment of t he  gamma- 

beam col l imator .  The s i z e  of the  col l imator  was changed during t h i s  

period from a 1/8-in. c i r c u l a r  t o  a l/8- X 3/8-in. rectangular  s l o t .  

Preliminary Check-Out 

Cell-containment checks were made before introducing the  s tand-in 

(Th-3 w t  9 U238)02 i n t o  the  system. 

with a l l  gloves, bag-out por t s ,  and service e n t r i e s  i n  the  operating 

condition. After  some minor a l t e r a t i o n s ,  t h e  a i r  inleakage rate w a s  

measured t o  be 0.004 c e l l  vol/min a t  1 i n .  of water pressure d i f fe rence .  

This measured value i s  w e l l  below the  maximum recommended value of 

0.01 c e l l  vol/min a t  2 in .  of water pressure.  

The containment checks were made 

The noise l e v e l  associated with t h e  pneumatic v ib ra to r  was checked 

by the  ORNL I n d u s t r i a l  Hygiene Group. 

t h i r d  l e v e l s  w a s  below tolerance while t h e  noise l e v e l  on the  f i r s t  

floor d i r e c t l y  i n  f r o n t  of t h e  v ib ra to r  w a s  s l i g h t l y  above the  permissible 

value (maximum of 90 db compared t o  permissible l e v e l  of 86 db) .  

ear pro tec tors  are provided f o r  the  use of t h e  operators i n  t h i s  area. 

Instrument and func t iona l  checks were made on each piece of equipment 

before  operation. 

minor operat ional  problems. 

operators  were t r a ined  i n  the  operation of the  equipment. 

The noise l e v e l  on the  second and 

Special  

These checks corrected a number of alignment and 

I n  t h i s  preliminary check-out period, 
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Operating Experience with Stand-in Oxide 

Daring the  i n i t i a l  operation of the  f ab r i ca t ion  equipment with stand- 

i n  oxide (depleted U-Th oxide),  it soon became evident t h a t  t h e  powder- 

conditioning equipment w a s  t he  area of major concern. Despite e f f o r t s  

t o  contain dust within the  system, an unexpectedly l a rge  quant i ty  of  

oxide dust w a s  seen t o  accumulate on the  e x t e r i o r  of t h e  equipment. 

Obviously, t h i s  very abrasive dust can cause excessive w e a r  of bearing 

and bearing surfaces .  The abrasive nature of t he  powder caused extensive 

t rouble  with the  b a l l  m i l l .  The requirements of t he  m i l l  t o  be ro t a t ed  

about th ree  axes simultaneously required the  use of severa l  types of 

bear ings.  Extensive modifications were necessary t o  obtain a su i t ab le  

working s i tua t ion .  Even a f t e r  apparently solving the  bearing problem, 

o ther  modifications were necessary because of t he  wearing of  bearing 

surfaces  causing extraneous mater ia l  t o  be introduced i n t o  the  f u e l .  

Before operation, there  w a s  concern t h a t  t h e  c l a s s i f i e r  screens might 

b l i n d  during operation; however, during the  cold runs there  w a s  no 

evidence of screen bl inding.  The remainder of t he  powder-conditioning 

equipment has performed s a t i s f a c t o r i l y .  

complete system of approximately 2 kg w a s  observed during t h e  cold runs. 
The mater ia l  holdup i n  the  

During the  operation of t he  v ib ra to r  system, severa l  modifications 

were necessary. The need t o  observe the  feeding of the f’uel i n t o  the  

rod required t h e  el iminat ion of the  dust boot over the  end of t h e  feeder  

trough. 

w a s  f e l t  t h a t  adequate feeder cont ro l  could not be obtained without 

observing the  feeding. 

u t i l i z e  a s l i g h t l y  modified Swagelok tube coupling. 

a standard 1/2-in. pipe t o  1/2-in. tube male connector with spec ia l ly  

machined s p l i t  ferrule. The original. chuck w a s  replaced because of t he  

expense and d i f f i c u l t y  of replacing it i n  the  event of a f a i l u r e .  

t h e  cold operations,  f a i l u r e  of the  Swagelok chuck w a s  usually observed 

after 10 t o  1 2  rods; therefore ,  it i s  planned t o  change the  Swagelok tube 

coupling a f t e r  t he  compaction of s ix  rods. Also, a number of failures 

i n  t h e  other  components of the  vibrator-chuck assembly a re  an t ic ipa ted  

because of the  extremely high l e v e l s  of acce lera t ion  associated with the  

Although t h e  el iminat ion of the  boot increased t h e  dusting, it 

The chuck f o r  holding the  rod w a s  changed t o  

This coupling uses 

During 
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"Branford" v ib ra to r  ( reportedly as high as 20,000 t o  100,090 times t h e  

acce lera t ion  due t o  g r a v i t y ) .  

a l l  f a s t ene r s  on the  u n i t ,  spare components t o  the  e n t i r e  v ibra tory  

compaction assembly are considered absolutely e s s e n t i a l .  

Along with da i ly  maintenance checks on 

I n  operating t h e  v ib ra to r ,  it w a s  found t h a t  t he  freedom of the  

anvi l ,  t o  which the  rod t o  be f i l l e d  i s  at tached and upon which t h e  

pneumatic hammer impinges, i s  a very important f a c t o r .  

be allowed t o  move a f i n i t e  dis tance ( i n  the  order of 1/16 i n . )  t o  

obtain the  desired compaction. 

ca te ,  a reduction i n  compacted densi ty  of from 8 t o  lC$ i s  observed. 

Some d i f f i c u l t i e s  were experienced with the  "Branford" v i b r a t o r  due t o  

component f a i l u r e s  within the  v ib ra to r  u n i t .  

Tne a n v i l  must 

If the  a n v i l  i s  not allowed t o  recipro- 

After demonstrating the  a b i l i t y  of t he  powder-preparation equipment 

t o  produce powders of t h ree  s i z e  f r a c t i o n s  f o r  loading i n t o  the  f u e l  

tubes,  it w a s  decided t o  modim the  system t o  produce powders of a 

binary-s ize  d i s t r ibu t ion .  The decis ion t o  operate the  system with two 

s i z e  f r ac t ions  was  based on two f a c t o r s :  

t o  t he  te rnary  i n  compaction densi ty  t h a t  i s  a t t a i n a b l e  and ( 2 )  t he  

binary i s  much easier t o  operate, espec ia l ly  with a remote system. During 

the  cold runs, the  binary s i z e  d i s t r i b u t i o n  w a s  optimized and now cons is t s  

of a charge of 55% of a c l a s s i f i e d  -6 +16 mesh f r a c t i o n  and 45$ of an 

unc la s s i f i ed  b a l l - m i l l  f rac t ion .  The b a l l - m i l l  f r a c t i o n  which i s  

produced by cont ro l l ing  the  charging r a t e  of t he  mill and the  amount of 

mi l l i ng  time has the  following approximate composition: 

(1) the  binary system i s  equal 

-16 +50, 4c$o 

-140 +200, 7$0 

-50 +140, 21% 

-200 +325, 16% 
-325, 16% 

With t h i s  d i s t r ibu t ion ,  20 cold samples w e r e  compacted that  had an average 

bulk densi ty  of 9C$ of t h e o r e t i c a l  with a deviat ion from rod-to-rod of 

less than 1%. 
these  rods w a s  w e l l  wi thin the  spec i f ied  *2$ with the majori ty  showing a 

deviat ion of less than 1 1/2qb. 
r e s u l t s  of t h i s  nature had not been predicted from laboratory experience. 

The density p r o f i l e  measured with t h e  gamma scanner within 

Tne results w e r e  most g ra t i fy ing  as 
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CONCLUSIONS 

Through t h e  design, construction, and operat ion of t he  Kilorod 

F a c i l i t y  and i t s  f ab r i ca t ion  equipment, the  p r a c t i c a b i l i t y  and economics 

of r e fab r i ca t ion  of Th(U233)02-bearing f u e l  a r e  being assessed. 

Although t h e  f ab r i ca t ion  process used i n  the  f a c i l i t y  probably 

represents  t he  simplest  remote f ab r i ca t ion  route  t h a t  can possibly be 

used i n  t h e  f ab r i ca t ion  of such fue l s ,  it nevertheless poses problems 

of s ign i f i can t  proportion, p a r t i c u l a r l y  with the  equipment. It i s  our 

judgment t h a t  t he  problems encountered i n  design, construction, and 

simulated operation have been s a t i s f a c t o r i l y  solved. The equipment has 

now undergone extensive t e s t s  under simulated conditions using depleted 

uranium; however, t h e  a p p l i c a b i l i t y  of t h e  process and equipment cannot 

be evaluated m l l y  u n t i l  the  campletion of t he  i n i t i a l  runs with U 

It is  c e r t a i n  t h a t  improvements i n  f u e l  cycle technology and a b e t t e r  

understanding of t he  fuel cycle economics w i l l  r e s u l t  from t h e  operation 

of the  f a c i l i t y .  

233 .  
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APPENDIX A 

Fuel Rod Assemblies 

1. 47 1/8-in. Fuel Rod - D-51175 

2. 19-in. Fuel Rod- D-54.899 
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I 
I /9 REEF 

I t- I 1 I I 

b 

17-3/16 I o .  
A I  um-Oxid4 

Spr i  ng lnconsl-X 
Top Slug 

I. Weld i n  accordance w i t h  A W S  welding Iymbols. 
2. 
3 .  

Welding proeei. i s  t o  bo ~nert-9.0 ehielded-arc non-consumbls e l w t r o d .  (he1 i a r c ) .  
Weid penetrat ion shal l  be 0.035” m l n .  w i t h  Complete f w i o n ,  f r e e  from slag 
inclusions, tungsten pickup. vo ids,  cracks. pinholes.  undercutting. .xc.itiv. 
ox idat ion.  or rolI-~ver. 

or e x c e e i ~ v e  o x i d a t i o n  s h a l l  bo C ~ Y M  f o r  r e l s c t i o n .  

standard leak r a t e  Of 7 I( 1 r 9 C C  - ret. 

standard lark r a t e  s h a l l  be C.U.(I f o r  r e j e c t i o n .  
Dye penetrant l i t  end sloium weld (Rrt # I  t o  h r t  #2) i n  rccord.ncs w i t h  WET-IIDT-I! 

U .  Weld s h a l l  be v i s u a l l y  in8pact.d dur ing and * f tw welding. Any v i s i b l e  defects 

5. Each Meld s h a l l  be teated Mi th  a I m a i t i v e  h o l i u n  leak d r t a c t o r  c&lIbr.ted t o  a 
Any ind icated leakage g r e a t w  than 

6 .  

I 

. .  
I 

I 
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APPENDIX B 

Penetrations 

1. C e l l  4 Service Index - D-50424 

2. 

3. 

4. 

5. 

6. Bag-Out Port  (Off-set)  - D-51191 

7. 

8. 

Castle Manipulator Assembly Sheet 1- D-45015 

Castle Manipulator Assembly Sheet 2 - D-45016 

Lead Plug for Glove Ports  - D-45021 

Bag-Out Port  Adapter - D-56683 

Rotary Control Shaft  Assemblies - D-51192 

B a l l  Valve Control Shaft  Assemblies - D-51193 
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' WA 

j_-- -~ 

PARTS LIST 
DESCRIPTIO)( (WE. Sm. EfC.1 

D-51199 

D-51 199 Rod 

StoCk 
Stock se-c L A - 4 L L S  

S t l  Rollpln I / 8  . i n &  I I I/* 

Stock 2 O-ring. 11-6227-8 3/8 x 9 / 1 6  x 3/32 
Stock I F l e x i b l e  s h a f t  RS-UBI x long 

/AM0 WA,E,,L ,r"O/R c / BAL CE"X Y O .  x -  2991 9 R 
ACY/,UC MRNUdh 6' X T L  
Icrank l o .  H-22W6, Balcrank Ine., C i n c i n n a t i  9 .  Ohio. 
, W h i t e  I n d u s t r i a l  D i v i s i o n .  10 East  W t h  S t . ,  New 'lork 16. 1. 1. 

I I I 
I 

.. I 1 

I 
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*Am 
NO. 

I 
2 
3 
U 

5 
5 
7 
6 1  

\- 

DESCRIPTION (NAME. Sm. ETC) YLmML %NO. & 
S t l  D-50371 I Housing  

0-50371 I Bushing S t l  
0-53371 I Bushing S t l  

S t l  
S t l  
Teflon 
Neoprene 

D-50371 I Rod 
Stock I Hex n u t  3/6-151(C 
Stock 2 Washer 13/32 I D  X 7 / a  OD x 1/15 
Stock 2 ~ - ~ i ~ ~ .  UI-an-a 3/a  I 9 / 1 8  3 / 9 2  
Stock I Flexible C O u F L / N Q  

c \ 

. j  

i 

! 

I 
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APPENDIX C 

Equipment 

Powder Preparation 

1. Installation Drawing - D-53483 

2. Jaw Crusher Assembly - D-51212 

3. Ball Mill Assembly- D-51215 

4.  

5. Classifier Assembly - D-53500 

6. Blender Assembly - D-5l2.25 

7. 2-in. Feeder Valve Assembly - D-51221 

8. 1-in. Feeder Valve Assembly - D-51200 

9. Feed Valve Motor Control Circuit - D-54471 

Ball Mill Assembly, Modifications - D-56699 

10. Bypass Valve Assembly - D-50421 

11. 2-in. Bypass Valve Assembly - D-56677 

12. Recycle Hopper Assembly- D-46558 

Vibratory Compactor 

1. Vibrator Main Assembly - D-51189 

Vibrator Chuck Subassembly - D-51176 

Vibrator Chuck Modifications - D-54270 

Vibrator Filler Tube Subassembly - D-51180 

Vibrator Filler Tube Modifications - D-56684 

2. 

3. 

4.  

5. 
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6. Fuel Tube Elevator Assembly- D-45022 

End-Cap Welder 

1. 

2. 

3 .  

Remote Welder Main Assembly- D-52450 

Remote Welder Subassembly A - E-52451 

Remote Welder Subassembly B - E-52452 

Density Checker 

1. 

2. 

3 .  

4. 

5. 

Density Checker Main Assembly - E-54877 

Density Checker Subassembly A - E-54878 

Density Checker Subassembly B - D-54879 

Density Checker Subassembly C - D-54880 

Density Checker Electrical Layout- Q-2535-12 
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P w r S  I o .  2 and IY  are obtained fro. A e r q u i p  Corr.. Yaman Dir.. Lo. hgeles.  Cal i f .  
Par! No. 8 i 5  a c lass Y.  cy l inder  bow 2.50. H - 2Do. Bel lo f ran R o l l i n g  Diaphrap., 
Bell,ofram Corp.. Burl ington. tksa .  
Par! No. 22 and 2V are obtained f r a  k Y s r t a r  Carr Supply Co.. Chicago. Ill. 
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@ COVER 
M A T L  5ST 
N O . R E Q D L  
5 C A L E  I"= I" 

&45"CHAMFER TYP 

I& 0 D X 065 WALL TfT 

NACE B R A l E N P  

0 BODY - 
MATL 5 5 T N P E  347 
NO. R E Q D  I 
SCALE 1''21' '  

1.125 D l A  7Yp 
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A- n 

I L , I  I i t  

I DAJ. YX & 6 FLANGE MATL SST 

N O . R E Q D I  
SCALE \"=I"  

4 
i A 

@ ROTOR 

1 7 4  PH 
This Owg 
This Dwg f lange SST 

SST 
"0" r i n g  - I 7/8 II 2 I / Y  x 3/16 Ilsoprme 

HAMFER h X 4 5 '  

M A T L  \ 7 4  Ptl 

SCALE ( " = I "  
NO XEQDI 

BYPASS VALVE 
DETAIL 8 ASSEMBLY 

CLAsSlFlcATKm 

/ 



m 
i, 

c 

I’ 



I 
I 

I 

I 



r
l 

D
 

/' 



D
 



h
 

t” 



/
'

 

I 
I 

I 
I 

s Y
 

, 1 
I 

I 
I 

, I i 

3 J 
a 

/
 



c 

I- - Ll, . _ _ .  

REFERENCE DRAWINGS DWG no. 

mUR/UM-U233 FU€L R O D  fAC/L /TY  =30/9 



- I:.- 

76 

I PARTS LIST 

045023 
Stock 

I I 5  I Stock I I 

M S C R I F "  ( W E  SUE. ETC) YlimML 

Tube s tas1  
s t e a l  

Guide S t e a l  
R ~ l l p l n  3/32 d l a  x I St..l 
Link S t e e l  

Plunger srce I 

R o l l p i n  5/32 d i a .  I I 

Crank =I 

Spr ,"g  Music Wire 
Steel Soc hd CUP p o i n t  s e t  screw X6-32 I I / V  

Drum s h a f t  S t e e l  
Drum Stse l  
Washer, 17/32 I D  x I" OD I 1/16 O i l i t s  
Shaf t  c o l l a r  S t e e l  

St.el RoIIDI". 1/16 d i a .  I 3 1 4  
SST T a ~ e  3/16 *ode I ,005 x 15 f e e t  

D E T A I L S  SHEET 1 ID4502 
IW502. DETAILS SHEET2 
I 

THORIUM -UZ99 FUELROD F A C I L I T Y F  3015 

ELEVATOR 
ASSEMBLY 

urm o* DII- u*- wc tam N A ~ W L  LABORITMY 
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.22 _____/ ITEM 2 4  I R A N 5  MTG 

\T ''Y N.TAC 5TAMPINC 1 

i EIOWN RECORDEU -41 RG 62U S/N Ob-992-0194 

I P C  2100 CGNNECTOQ 

r 
A 

U 7 \ 

IC 51 b-4:'- DUlVE UOmU LIMIT SWS. 
MOTOR CONTROL cw 

5iO-SYN 

4 I 
j 

G j  

I 

! 

I' I 

I 

ISOLATING 

j~ _ _ _ _ _ _ _ _  ~ 

PULSER CIRCUIT 
NOTE: MODIFY " X ' T E R M I N A L  AT TUANSLATOU 81 

MDVlUC INTERNAL CONNECTlON T O  JUNCT!ON 
OF 4 C 1 C  UO5.5EE DWG. 9-2536-2  

I I -7 
I 

I 
I \ u ~ - 5 9 A / U  SIN 06-992-1504 I I . POWEP SUPPLY 

I-- 27,000 C O N N E C T O R  

I DMi No. REFERENCE DRAWNGS 

.wIym W J .  GRETER 
BLDG . 
3019 K I L O R O D  CELL 4 

DENSITY CHECKER 
INSTRUMENT CABINET 

LI~I IS  01 BIMEUSIQ~S nuis 

INTERCONNECTION SCHEMATIC 

SIDE VIEW 
SCALE. %;:!" 

FRONT VIEW 
%ALE: %;: I "  

mitwist srrcintt 
INSTRUMENTATION AND COMROCS D M W N  

OAK RIDGE NATIONAL LABORATORY I i t A C l l O l S :  *;j6 

I SCALE: AS NOTED I ' Y IO-2535-12 R C  
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APPENDIX D 

Equipment Purchase Specifications 

Technical Specifications for Remote Weigher 

Remotely Operated Ultrasonic Cleaner 
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TECJXNICAL SPECIFICATIONS FOR REMOTE WEIGHER 

I. SCOPE 

. 

This spec i f ica t ion  covers the  design, fabr ica t ion ,  and t e s t i n g  of 

a remotely control led automatic weighing machine. 

REFE€ENCES 

None. 

REQUIREMENTS 
A. General Description 

1. The machine w i l l  be a p a r t  of a remotely control led process- 

ing l i n e .  

d i f f e r e n t  quant i t ies  of three d i f f e r e n t  powders preparatory 

t o  blending. 

It w i l l  be used t o  weigh and batch three  

2. The machine s h a l l  include: 

- a. Ziree e l e c t r i c a l l y  or mechanically control led feed 

mechanisms. 

A s ingle  scale  assembly capable of weighing, i n  sequence, 

three predetermined quant i t ies  within +I$ accuracy. 
b .  - 

Changeover may be e i t h e r  automatic or accomplished 

manually with the  a id  of manipulators. 

F i l l  and dump controls  s h a l l  p e m i t  

f u l l y  automatic operation, nonautmatic  operation, or 

any combination of automatic and nonautomatic f i l l  and 

dump. 

A v i s u a l  ind ica tor  which s h a l l  be l e g i b l e  a t  a distance 

of 10  f t .  

or on a remote ind ica tor .  The scale  of the ind ica tor  

s h a l l  be c a l i b r a t e d  i n  grams and ha l f  grams. 

- e .  A dump system. 

- d. 

Readout may be e i t h e r  a t  the machine i t s e l f  

3. 

4 .  The materials t o  be weighed and batched are :  

Supply and d-ischarge hoppers w i l l  be supplied by the  Company. 

- a. 

b. - 
- c .  

Powder No. 1 - 522 g of -6 +16 mesh pDwder. 

Powder No. 2 - 130.5 g of -59 +140 mesh powder. 

Powder No. 3 - 217.5 g of -203 mesh powder. 

Powders Nos. 1 and 2 a r e  very dry and abrasive and flow 

l i k e  dry sand. Powder No. 3 flows l i k e  dry t a l c .  Sample 

powders cannot be supplied by t h e  Company. 
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B. Materials and Equipment 

C.  

D. 

1. 

2 .  

3.  

4 .  

5 .  

6 .  

A l l  operations s h a l l  be e l e c t r i c a l l y  or mechanically con- 

t r o l l e d .  Hydraulic or pneumatic operators or controls  

s h a l l  not be used f o r  any p a r t  of the system. 

The maximum permissible voltage a t  any control  or instrument 

with which t h e  operator comes i n  contact s h a l l  be 110 v ac.  

The maximum s i z e  of the  machine, not including hoppers f u r -  

nished by the  Company, s h a l l  be 3 f t  by 3 f t  by 3 f t .  

The machine s h a l l  be f i t t e d  with a l i f t i n g  eye located 

approximately over the center  of gravi ty  t o  permit handling 

with a 1/2-ton crane. The machine s h a l l  hang reasonably 

l e v e l  from the crane hook. 

Materials: A l l  p a r t s  which w i l l  come i n  contact with the  

powders being weighed s h a l l  be made from any 300 series 

stainless s t e e l .  F l a t  surfaces s h a l l  have a 2B sheet finish 

or equivalent.  Welds, i f  required, s h a l l  be ground smooth. 

A l l  other materials, insofar  as pract icable ,  s h a l l  be any 

300 series s t a i n l e s s  s t e e l .  

Manufacturer's Data 

1. The S e l l e r  s h a l l  furn ish  t h e  following information with the 
- 

bids  : 

- a. Sketch or photographs of the  proposed equipment showing 

pr inc ipa l  dimensions and accessory components. 

Complete descr ipt ion and sequence of operations. 

Complete descr ipt ion of proposed remote controls  and 

operators.  

b.  - 
- c .  

2 .  The S e l l e r  s h a l l  furn ish  t h e  following information with the 

equipment on ae l ivery  : 

- a. Three copies of complete operation and servicing 

ins t ruc t ions .  

Acceptance and Tests 

1. The S e l l e r  s h a l l  demonstrate the  a b i l i t y  of t h e  equipment 

t o  be furnished t o  meet the  requirements of t h i s  specif ica-  

t i o n  p r i o r  t o  shipment. Tests s h a l l  be performed a t  the  

S e l l e r ' s  s i t e  and s h a l l  be a t  t h e  S e l l e r ' s  expense. 
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E. 

2 .  Tie Seller shall notify the Company at least 10 days in 

advance of such tests. 

Acceptance shall be at the Seller's site upon satisfactory 
completion of the tests specified above. 

3.  

Packaging and Shipping 

1. The equipment shall be securely crated and/or skidded to 

prevent damage or contamination of the working surfaces 

during handling and shipping. 

2. The Seller shall include a complete set of installation, 
operating, and service instructions with the equipment 

upon shipment. 
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TECHNICAL SPECIFICATIONS FOR ULTRASONIC CUANER 

0 

n. 

I. SCOPE 
This spec i f ica t ion  covers t h e  design, fabr ica t ion ,  and t e s t  of a 

remotely operated u l t rasonic  cleaning system. 

11. REFERENCES 
None. 
--_- 

111. REQUIREMENTS --- 
A. General Description -- 

The system will be p a r t  of a processing l i n e  and w i l l  be used 

f o r  cleaning zirconium rods 1/2-in.-diam by 48 i n .  long. Tile 

cleaning medium w i l l  be water. The system s h a l l  include: 

1. 

2. 

3.  

4 .  
5. 

A car r iage  t o  support and r o t a t e  the  rod during the  follow- 

ing operations.  The car r iage  s h a l l  be capable of being 

r a i s e d  above the  l e v e l  of t he  tank t o  permit t he  rod t o  be 

placed and removed by a remotely operated manipulator. 

A complete u l t r a son ic  cleaning system, including pravisions 

for remotely cont ro l led  f i l l i n g  and draining of the  tank. 

Tl?e tank s h a l l  d ra in  completely. 

A water spray system t o  r i n s e  t h e  rod a f t e r  the  cleaning 

operation and t o  thoroughly wash down the  i n t e r i o r  of the  

tank after each cleaning operation. 

A warm a i r  drying system t o  dry tlne rod after f i n a l  r i n se .  

The tank and at tached components s h a l l  have a l i f t i n g  eye 

or lug,  loca ted  approximately over t he  center  of gravi ty ,  

f o r  handling with a crane. 

B. Equipment 

The tank s h a l l  be made from any 300 s e r i e s  stainless s t e e l  and 

s h a l l  be a l l  welded construction. Ttie i n t e r i o r  surfaces  s h a l l  

have a 2B sheet  f i n i s h  or equivalent .  

ground smooth. 

A l l  welds s h a l l  be 

The m a x i m u m  tank width and length s h a l l  be 15 i n .  and 60 in . ,  

respect ively.  

(car r iage  raised) s h a l l  be 40 i n .  from the  f l o o r .  

The height  of t he  rod i n  loading pos i t ion  
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The car r iage  assembly s h a l l  be made of any 390 series s t a i n l e s s  

steel. It s h a l l  be equipped with powered r o l l e r s  or other  

device t o  r o t a t e  the  work piece during t h e  cleaning, r ins ing ,  

and drying operations.  The mechanism f o r  r a i s i n g  and lowering 

the  car r iage  s h a l l  be operated e i t h e r  e l e c t r i c a l l y  or mechani- 

c a l l y .  Hydraulic or pneumatic systems s h a l l  not be used. The 

work piece s h a l l  be he ld  i n  a hor izonta l  pos i t ion  at  all times. 

Ti?e tank s h a l l  be f i t t e d  with a sp lash- t igh t  cover t o  seal t h e  

tank during cleaning and r in s ing  operations.  

may be opened and closed i n  conjunction with t h e  car r iage  

r a i s i n g  mechanism. 

"lie tank cover 

The spray r i n s e  assembly s h a l l  spray water i n  a manner t h a t  t he  

work piece,  the  carr iage,  and t h e  i n t e r i o r  of t h e  tank a re  

thoroughly r insed .  

The warm air dryer s h a l l  be capable of thoroughly drying the  

work piece i n  less than 5 min. 

Controls and operators s h a l l  be e i t h e r  e l e c t r i c a l  or mechanical. 

No hydraulic or pneumatic cont ro ls  or operators  s h a l l  be used. 

All operations s h a l l  be remotely cont ro l led  from a console 

loca ted  at least 30 f t  from the  processing l i n e .  Mechanical 

cont ro ls  s h a l l  be operable by means of nonart iculated manip1d-a- 

t o r s  (supplied by the C o m p a n y ) .  The maximum permissible vol tage 

on any cont ro l  or instrument a t  the  console shall be 110 v ac.  

1 The power supply and u l t r a son ic  generator s h a l l  be loca ted  a t  
' least 30 f t  from t h e  processing l i n e .  The u l t r a son ic  generator 

s h a l l  have an output of approximately 500 w a t  25 kc. 

The transducers s h a l l  be lead zirconate .  

This equipment shall comply with appl icable  requirements of t h e  

Federal  Communications Commission. 

C.  Operations Sequence 

1. Raise carr iage,  place rod on car r iage  (by manipulators).  
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2. Lower carriage into cleaning water (tank may be filled 
either before or after raising the carriage to receive rod) .  

3. Cleansing cycle. 

4. Drain. 

5. Rinse and drain. 

6. Dry (5 min maximum). 
7. Raise carriage, remove rod. 

D. Manufacturer's - Data 

1. The Seller shall furnish the following information with the 

bid: 

- a. Sketch or sketches of the proposed equipment showing 
principal dimensions and accessory components. 

Complete description and sequence of operation. 

Complete description of proposed remote controls and 
operators. 

- b. 
- e. 

2. The Seller shall  furnish the following information for 

approval prior to the start of fabrication: 
- a. Assembly drawings. 

b. - M i l l  test reports or certifications for all materials 
to be in contact with work piece or ultrasonic cleaning 
medium. 

3. The Seller shall furnish the following information with the 

equipment on delivery : 

- a. Three copies of complete operation and servicing 

instructions. 

E. Tests and Acceptance 
1. The Seller shall demonstrate the ability of the equipment 

to meet the requirements of this specification by means of 

operating tests to be performed at the Seller's site and 

at the Seller's expense. 

The Seller shall notify the Company at least 10 days in 
advance of such tests. 

2 .  

3. The Seller shall furnish a certified report of such tests. 
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4 .  Acceptance shall be at the Seller's site upon satisfactory 

demonstration that the equipment furnished meets the 

requirements of this specification. 

F. -- Packaging and Shipping 
1. The equipment shall be securely crated and,/or skidded to 

prevent damage or contminsrtion of the working surfaces 

during handling and shipping. 

2. The Seller shall include a complete set of installation, 
operating, and service instructions with the equipment 

during shipment. 
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APPENDIX E 

Drawing Index 



. 

. 



d- 
I
 
I
 

W
 

0
 

0
 

rr) 

0
 

z
 

6
 

n
 

m
 
I
 

n
 

0
 

U
 

I 
I

'
 

I 

- 
I IPI 

I 

I 
t

I
 

1 
I

1
 

I 

C
I
 

0
 

c
 

0
 

0
 

c
 

Y
 





i 

99 

I 

1-3. 
4.  

56. 

7-26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 

4 2 4 6 .  
47. 
4%. 
49. 
50. 

76. 
77-78. 

79. 
80. 
81. 
82. 
83, 
84. 
85. 

86-666. 

Om-3539 
UC-25 -Metals, Ceramics, and Materials 

TID-4500 (26th ed . )  

INTERNAL DISTRII31TTION 

Central  Research Library 
Reactor Division L i b r a r y  
ORNL - Y-12 Technical Library 
Document Reference Section 

Laboratory Records Department 
Laboratory Records, ORNL R.  C .  
ORNL Patent Office 
R. J. Beaver 
R.  E. Brooksbank 
C .  A. Burchsted 
J. A .  Burka 
W .  L. Carter 
F. L. Culler 
F. C .  Davis 
0. C .  Dean 
W .  S. Ernst ,  Jr. 
J .  H Frye, Jr. 
R.  G. G i l l i l and  
W. R. G r i m e s  
W .  0. Harms 
M. R. H i l l  
R. L. Heestand 
E.  J. Kelly 
E. M. King 
C. E. Lamb 

51. J.  A.  Lane 
52. C .  E. Larson 
53. A.  L. Lot ts  
54. H. G .  MacPherson 
55. R. W .  McClung 
56. E.  C .  Mil ler  
57. J. F. M7xdock 
58. A .  R .  Olsen 
59. F. L. Peishel  
60. S. A .  Rabin 
61. J. L. Scot t  
62. J. D. Sease 
63. G .  M. Slaughter 
64. C .  M. Smith 
65. J. A .  Swartout 
66. J. W .  Tackett 
67. W. C .  Thurber 
68. D. B. Trauger 
69. A .  M. Weinberg 
70. M. E .  Whatley 
71. R .  G.  Wymer 
72. A.  A .  Burr (consul tan t )  
73. J.  R.  Johnson (consul tan t )  
74. C .  S .  Smith (consul tan t )  
75. R.  Smoluchowski 

( consultant ) 

EXTERNAL DISTRIBUTION 

C .  M. Adams, Jr., MIT 
D. F. Cope, OR0 
Research and Development, OR0 
D. E .  Baker, GE Hanford 
E r s e l  Evans, GE Hanford 
J. L. Gregg, Cornell  University 
J.  Simmons, AEC, Washington 
E.  E. Stansbury, University of Tennessee 
D.  K. Stevens, AEC, Washington 
Given d i s t r ibu t ion  as shown i n  TID-4500 (26th e d . )  under Metals, 

Ceramics, and Materials Category (75 copies - OTS) 

i 




