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_Sumnary 
This technical paper summarizes the h i s t o r y ,  development and  
fabr ica t ion  of  Fas t  Flux Test Reactor dr iver  fuel pins a t  The  
Babcock and Llilcox Coapany's Parks Tobinship Fabrication F a c i l i t y  
in k'estern Pennsylvania. 
w i t h  emphasis placed on the developinent e f f o r t s  which led t o  the 
spec i f i c  p roduc t ion  prac t ices  used today. 
p r o d u c t i m  equiprrient i s  shown t o  high1 i g h t  the  s tandardizat ion 
which has  taken place.  Years of continuous production operation 
have enabled t e s t i n g  and refinement of techniques a n d  equipment 
systems t o  t h e  ex ten t  t h a t  manufacture of LMFBR fuel i s  now per- 
formed rout inely within the cons t ra in ts  o f  a l l  regulatory s a f e t y  
and safeguards c r i t e r i a ,  including ALAFA (As Low As Reasonably 
Achievable) control philosophy. 

The basic process s teps  a re  described 

Typical c.onventiona1 

. 

History 
The Babcocl; and  I4ilcox Company m a i n t a i n s  i t s  FFTF fue ls  f a b r i -  

. .  
cation plant a t  Parks Township i n  G!estern Penn.sylvania. . '  

(SLIDE 1 )  
Since 19721 more t h a n  two core l o a d i n g s  o f  dr iver  fuel have been 
f a b r i c a t e d  f o r  urje i n  the  Fast  Flux Test  Fac i ' l i ty  be ing  built a t  

R i c h l a n d ,  !lashington as p a r t  o f  the  U.S. Lf4FER program. Babcock 
and Ie/ilcox began a c t u a l  par t ic ipa t ion  i n  t h e  FFTF LEIFBR f u e l s  
procurement program with the manufacture of 500 qua l i f i ca t ion  
fuel p ins  from November 1972 t h r o u g h  March 1973. 
cat ion \:as followed by a production order  re lease  i n  Harch o f  

1373 f ro3  our custoner ,  Kestinghouse Hanford Company. 

This q u a l i f i -  

In tlovernbttr 1975, t he  contract  f o r  t h r :  f i r s t  FFTF core was com- 
pleted with del ivery o f  over 20,000 fuel  pins. In January 1976, 
a second cont rac t  r w  received f r om ls!estinghouse Hanford for  t h e  

.manufacture  of 35,500 fuel p i n s  f o r  FFTF Cores 3 a n d  4 .  Approx i -  
mately tr:o-thi rds of t h i s  second production contract  has now been 
completed. 
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The-Babcock and  It'ilcox plutoniuci fuel fabr ica t ion  plant  presently 
has the capabi l i ty  of producing and cer t i fy ing  1000 FFTF fuel 
pins pcr rconth .  
p e l l c t  fabr icat ion area,  a 4400 f t 2  asseilibly and  inspection area,  
p l u s  s u p p o r t  areas f o r  conversion, scrap recovery, and laborator ies .  
Developncnt of  Stand i rd  F a b r i c a t i o n  Precesses  .- 

The f a c i l i t y  cons is t s  of a 5600 f t 2  powder and  

. I .  P1 u t o n i  urn Oxide  Preparation 
Upon r ece ip t ,  governnent-furnished plutonium oxide i s  sampled 
by Nuclear lilaterials Control t o  determine any shipper- 
receiver difference ' a n d  by Qual i ty  Control t o  ver i fy  the  
plutonium assay, i s o t o p i c  analysis  and  the  impurity levels .  
The material i s  then released t o  the Fianufacturing Dephrtrnent 
for mixed oxide blending. 
One o f  t he  most i r p o r t a n t  process improvements was real ized 
a t  t h i s  step. P r io r  t o  mixed oxide b l e n d i n g ,  Pu02 was c m -  

. 

ventionally calcined, b a l l m i l l ~ d ,  and  screened t o  remove 
halogen i r p u r i t i e s  arid t o  irr.?i-ovc powder a c t i v i t y  f o r  pressing. 
These preparatory s teps  were cos t ly  due t o  the man-hours 

2. 

involved and r e l a t ive ly  high losses. 
o f  t o t a l  personnel radiat ion exposure was. a t t r i bu ted  t o  the 
h a n d l i n g  of unmixed PuOz during these process s teps .  
cooperative e f for t s  with P u O 2  suppl ie rs ,  the halogen impurities 
were removed by improved-calcining p r io r  t o  rece ip t  a t  our 

A s i g n i f i c a n t  percentage 

Through 

f a c i l i t y .  
qua l i f ica t ion  program, approved by our c u s t m e r ,  we were per- 
mitted t o  eliminate the i n i t i a l  PuO2 pr2paration' s tep .  
Nixed Oxide Prermration 
A t  this s tage,  PuO2, depleted uranium oxide powder (UOz), and 
recycle mixed oxide pok:der are  mixed i n  a V-shell blender. 
(Sub-lot  s i ze  i s  nominally 25 kilograms.) The U O 2  powder i s  
received from t h e  Babcock a n d  I4ilcox Low Enriched Uranium 
Fac i l i t y  i n  Apol l o ,  Pennsylvania. 

Subsequently, a f t e r  a t h o r o u g h  e v a l u a t i  on and  

Xecycle ponder comprises 
up t o  50; o f  the f i n a l  batch mix. 
After  br ie f  sublot mixing, the PuO2-UO2 recycle powder i s  
jetmilled t o  reduce p a r t i c l e  s i z e  and thoroughly blend t h e  
oxides. Powders of Ciffcrent  or ig in  \:hich have d i f f e r e n t  - .  



physical cha rac t e r i s t i c s  can be reconsti tu tcd  a t  t h i s  s t e p  
i t o  a por:lder mixture of uniform physical cha rac t e r i s t i c s .  

The j e t n i l l  operation i s  another important process inlprove- 
rnent which overcame labor-intensive and  sonictimes unrel iable  
bal  lmil l  ing steps t o  achieve  required honiogenei ty. 
(SLIDES 2 G 3)- By closely control l ing the i n e r t  gas  pressure 
and feed r a t e s ,  i t  was shown t h a t  nicrohononeneity comparable 
t o  co-precipitated mixed oxide could be achieved, a n d ,  a t  the 
same t i n e ,  t h r o u g h p u t  ra tes  could be improved. 
Powder t h r o u g h p u t  rates greater  t h a n  f ive  kilograms per hour  
are maintained d u r i n g  the operation. 

(SLIDES 4 ti 5 )  

. .  
This important improve- 

ment i s  readi ly  a d a p t a b l e  t o  remote operation. 
Mixed oxide po\;der t h a t  has been j e tmi l l ed  can be sieved t o  
break up any p l u t o n i u m  enriched zones t h a t  may occur. 
due t o  the recent advanced developnents i n  the j e t n i  11 i n g  

However, 

3. 

process, this s tep  is  now o p t i o n a l .  Homogeneity a f t e r  j e t -  
m i l l i n g  i s  now conparable t o  powder t h a t  has been je tmi l led  
and screened. 
In-process control samples are  taken a t  this p o i n t  from each 
50-60 kg l o t  t o  ver i fy  plutonium assay and impurities. 
Ceramic Processinp 
The f i r s t  s tep i n  ceramic processing i s  the addition o f  

organic material for control of density and oxygen-io-metal 
ratio (O/H) .  
operation cons is t s  o f  adding the  organic material by mechani- 
ca l ly  blending batches i n  a Turbula blender ( S L I D E S  6 t 7 ) .  
Convent ional  blending u s i n g  V-shell or other  ro ta ry  blenders 
d i d  not adequately mix  the l i g h t  weight, small percentage 
organic additions with the  heavy mixed oxide. 
a f te r  months of development t h a t  the u n i q u e  motions of the 

Due t o  a t h i r d  process improvement, the 

I t  was found 

Turbula  provided a n  exce l len t  mixture o f  the hetrogeneous 
materials.  Turbula-mixed batches ? r e  recombined in a V-shell 
blender t o  re-establ ish l o t  i den t i ty .  
The mixed oxide pol::der i s  then  slugged t o  approximately 502 
o f  theoret ical  densi ty ,  granulstcd a n d  sieved in order t o  
improve feed cha rac t c r i s t i c s  t o  the p e l l e t  press dies .  

I 
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Following these process steps, additional organic i s  added 

. .  to t h e  mixed oxide a s  a d ie  lubricant .  Press feed batches 
o f  up t o  twenty-eight kilograms a re  then mixed in a V-shell 
blender. 
hydraulic press and fuel pe l l e t s  formed ( S L I D E S  8 9 ) .  
Pellets a re  pressed a t  approximately 2.5 tons/square inch t o  

I 

The granular mixed oxide i s  fed in to  a Hydronet 

. .  

. -  

approximately 755: of' theoret ical  density.  
fourth process irnproven:ent was real ized.  The small cross- 
sect ional  s i z e  of the FFTF pe l l e t s  requires r e l a t ive ly  low 
hydraul i c  press pressure to  achieve densi ty .  Consequently, 
t he  highest press precision i s  needed a t  the low rar,gc of  t h e .  
dual' a c t i n g  press.  
provfded by Hydronet enable us t o  meet the  s t r ingen t  densi ty  
control 1 irni t s  re1 iably.  
The unfired (green) p e l l e t s  are charged t o  a pre-s inter ing 
furnace under a n  argon-hydrogen atmosphere t o  remove the 

Here i s  where the 

Precision low-pressure loop modifications 

--organic binder and  d ie  l u b r i c a n t .  
F i n a l  p e l l e t  sintering i s  accomplished i n  a ccntinuous 'push-  
type furnace.. Pe l l e t s  are loaded i n t o  molybdenum boats and 
are pushed t h r o u g h  the furnace which i s  heated t o  a tex;lper- 
ature of g rea te r  than 1500°C. 
atmosphere is a l so  an argon-hydrogen mixture. 
In addition t o  increasing t h e  p e l l e t  densi ty ,  t he  s in t e r ing  

The f i n a l  s i n t e r  furnace 

process i s  controlled t o  Keet sub-stoichionetr ic  O/N r a t i o  
and p e l l e t  s ize  specif icat ions.  

ra te  are a l l  c losely controlled t o  meet f ina l  p e l l e t  
a t t r i b u t e s .  
boats  are discharged from the furnace. 
Once the ent i re  mixed oxide p e l l e t  l o t  i s  sintered, Quality 
Assurance takes  c e r t i f i c a t i o n  samples f o r  plutoniun assay, 
uranium assay plutonium iso topic  analysis  a n d  homogcneSty. 

-Pel le ts  are then "dry-ground" using a Royal !,laster cen ter less  
grinder (SLIDES 10 e( 7 1 ) .  
improven:ent tosk place. 
sludge t h a t  must be viet processed ciicxically p r io r  t.o 

. I n  f a c t ,  temperature, s t o k i n g  r a t e ,  gas  mixture, and  g a s  f1oL.r 

In-process control samples a re  pulled a s  the 
~ 

Here another  impor tan t  process 
Conventional viet g r i n d i n g  c rea tes  a 
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* rccycl ing. Recently develcped dry grinding using d u s t  

- . collectors enable d i r e c t  recycle of a l l  grinder d u s t .  
After  grinding, p e l l e t s  are  checked by Qual i ty  Assurance 
for inpuri t i e s ,  dimensions, density and visual appearance. 

Upon c o q l c t i o n  o f  a l l  t e s t s ,  Quality Control  must issue a 

. .  

4. P i n  Lodding a n d  !*!cldinq 

formal re lease of p e l l e t  l o t s  f o r  pin loading. . 

The pe l l e t s  a r e  loaded i n t o  the previously prepared and 

. inspected cladding tubes which  are inserted i n t o  a sphincter  
aperature mounted on the  glovebox. Inside the glovebox, 

. .  fuel pe l l e t s  are weighed and then placed on to  a loading 
. f ixture  where the length of the fuel column i s  measured. 

. .  

. 

Uranium oxide insulatory pe l l e t s  a re  added t o  b o t h  ends o f  

the fuel co lumn,  and then the fuel  s tack  is  inser ted i n  the 
tube, t h r o u g h  the sphincter.  
D u r i n g  l o a d i n g  of a pel1e.t l o t ,  Quality Assurance takes l o t  

' c e r t i f i ca t ion  samples f o r  O/i4, Total Gas Release ( T G R )  , and 
No i s t ure mea s ureinen t s . 
Prior t o  welding the second end cap  t o  the c l a d d i ' n g ,  the  end 
of t h e  cladding must be vigorously cleaned t o  remove a l l  
contamination and t o  ensure a h i g h  i n t e g r i t y  weld. 
Once the ends a re  cleaned, up  t o  eighty fuel pins are placed 
i n t o  a welding chamber. 
backfi l led with h i g h  puri ty  helium gas. 
welding of  the  second end.cap is then performed using 
automated e lec t ronic  welding cont ro l le rs .  
and processes have been develo?ed t o  the extent t h a t  less 

The chamber i s  then evacuated and  
Tungsten i n e r t  gas 

Welding equipment 

t h a n  0.63 of welds a re  reworked o r  rejected. 

To determine i f  any leaks are present i n  the welded pins ,  
they are placed i n  a vacuum chaniber a n d  the chamber i s  

. evacuated. The presence of helium i n  the de tec tor  ind ica tes  
a leak. 
A very s t r ingent  dircensional and  v i s u a l  inspection i s  t hen  
perforred by QuGl i t y  Control p?rsonnel. Items inspected 
incliidc fuel pin length,  conccntr ic i ly ,  and a l ignrxnt  of  the 

5. Fuel Pin Finishing 
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holes i n  the end cap .  Visual inspection Checks, include 
surface defec ts ,  scratches,  inclusions,  and p i t s ,  

I 

A1 7 i terns 
. must riieet s t r i c t  custoner spec i f ica t ions  p r i o r  t o  acceptance. 

Following dircensional a n d  visual inspect ion,  the fuel pins 
are X-rayed t o  determine i f  any porosity or lack of fusion is  
present i n  the weld zone and t o  ver i fy  conponent placement. 
Accepted' p i n s  a re  then f ina l  cleaned which takes six separate  
steps. The p i n s  a r e  placed i n  a h o t  a lka l ine  cleaner ,  r insed 

. 

i n  tap water, imrnzrsed i n  n i t r i c  ac id ,  and  sequent ia l ly  
rinsed i n  t a p  water; cold deionized water and f i n a l l y  h o t  
deionized water. 
impurit ies and assures the residual f luor ide  and  chloride a re  
w i t h i n  specif ied l imi t s .  
the spec ia l ly  designed cleaning f i x t u r e ,  which ensures no 
contact between p i n s .  
Final  Qual i ty  Control inspection f o r  surface clean1 iness and 

- 
Cleaning by this process removes a l l  

Up t o  1C3 p i n s  can be cleaned i n  

. residual f luoride and chloride i s  performed. 
Cer t i f ied  pins a r e  released by Quality Assurance f o r  l o a d i n g  
i n t o  shipping containers.  Just prior t o  l o a d i n g ,  the Health 
and Safety Section smears each pin t o  be ce r t a in  no contani- 
na t ion  i s  present. 
t u b e  within the shipping container which holds 120 fuel p i n s .  
Pins a r e  then shipped by' government t ransportat ion t o  Hafiford 
Engineering Development Laboratory ( H E D L )  i n  R ich land ,  
!lashington for bundle assembly, s torage and/or inser t ion  i n t o  
the FFTF development breeder reactor .  
Besides the s t r ingen t  Reactor Development Technology (RDT) 

qual i ty  requirements, FFTF p l u t o n i u m  breeder fuel must m e t  
ever increasing Federal ana S ta te  safeguards and health and  
s a fe ty  rcquirenents. 
sidered sens i t ive  in fo r ik t ion  and therefore  cannot be 
described i n  d e t a i l ,  i t  can be s a i d  t h a t  we do m a i n t a i n  
accountabi 1 i ty and secur i ty  pro9rarns \.;hich s a t i s f y  or exceed 

- a l l  ex is t ing  governrwnt rcgulations.  
The kLAiiA phi1oso;)hy i s  r t r e s s e d  in a l l  aspects  o f  health 2nd 

s a f e t y  a n d  i t  i s  contir:::i;l iy dcxonstratet  t ha t  ~xposurt3s tc? 
personnel a re  vie11 bclc;,: required leve ls ,  

Each p i n  i s  p l aced  in to  a polyethylene 

A I  t h o u g h  o u r  safeguards program is  con- 
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' This presentation has attempted t o  provide a br ie f  surr;l~ary o f  
Babcock and Iti lcox FFTF manufacturing operations s t ress ing  
where developnlents have led t o  a c o r m r c i a l l y  acceutable and 
r e l a t i v e l y  economic processes. A1 t h o u g h  support operations 
such as recycle,  scrap recovery, and  reconversion, have not  
been addressed, i t  is.' hoped t h a t  you generally understand how' 
breeder fuel manufacture . i s  nov rout inely perfomled a t  Babcock 

. 

. .  and PCilcox. I would be glad t o  expand' on any area covered and , 

t o  answer questions following t h i s  meeting. T h a n k  you f o r  your 
a t t en t ion .  

.. . 
. .  
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