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FABRICATION OF FE33UILT BONUS REACTOR SUPEFU-EATER FUEL ASSEMBLY 

G. M. Slaughter E.  A. Franco-Ferreira E.  C .  Kirstowskyl 
K. K. Klindt2 E. L. Long, Jr. G. M. Tolson' 

'ABSTRACT 

A superheater f u e l  assembly f o r  the  Boiling Nuclear 
Superheat (BONUS) Reactor t h a t  had been destruct ively 
dismantled f o r  examination has been successfully r ebu i l t  
a t  Oak Ridge. This report  describes the renovation of 
salvaged pa r t s ,  the  procurement of replacement par t s ,  
the  fabr ica t ion  of a new set of f u e l  rods, and f i n a l  
assembly i n t o  the  r ebu i l t  un i t .  Procedures developed 
and adopted f o r  w e l d  and braze qual i f icat ion,  process 
control,  t e s t ing ,  and inspection t o  ensure prociuct 
r e l i a b i l i t y  a re  a l s o  covered. 

The or ig ina l  design of the  Inconel-clad U02 fuel rods 
w a s  modified t o  ease fabr ica t ion  and upgrade service per- 
formance. I n  addition s teps  were taken t o  ensure a f i n e  
grain s i ze  i n  the  Inconel 600 cladding tubing a f t e r  

I brazing of spacers. 

The reconstruction of t he  un i t  w a s  basical ly  a rod- 
type f u e l  element fabr ica t ion  operation. 
rods were made and incorporated i n t o  the  f i n a l  assembly. 
Cracking i n  the  weld regions resul ted i n  leaks t h a t  
re jected four  rods. The findings of a metallographic 
examination of some of the  cracked regions are discussed. 

Thirty-two f u e l  

INTRODUCTION 

To assist i n  the  failure analysis  of a superheater f u e l  assembly from 

the  Boiling Nuclear Superheat Reactor, a spare unirradiated un i t  w a s  

'Inspection, Welding, and Nuclear Engineering Department of the 

21nspection Engineering Department, ORNL. 

Engineering Division, Oak Ridge Gaseous Diffusion.Flant. 



. 
2 

obtained and examined.3 The purpose of the  examination w a s  t o  obtain 

base-line information on . the  charac te r i s t ics  of a typ ica l  f u e l  assembly 

from the  i n i t i a l  core loading i n  the as-fabricated s t a t e .  
I n  order t o  examine the f u e l  rods and associated components, we had 

t o  p a r t i a l l y  dismantle the  superheater assembly. 

of several  f u e l  rods disclosed t h a t  a s l i g h t  redesign of t he  f u e l  rods 

and deviation from the  o r ig ina l  manufacturing procedures were desirable .  

The un i t  w a s  subsequently r ebu i l t  a t  Oak Ridge using manufacturing pro- 

cedures t h a t  provided s igni f icant  improvements over those used f o r  the 

or ig ina l  core loading. 

requirements : 

1. repair ing the  spare element f o r  reactor  use, and 

2. 

Destructive examination 

The rebuilding of t h i s  assembly s a t i s f i e d  two 

proving out the  s u i t a b i l i t y  of the  proposed fabr ica t ion  modifications 

on an ac tua l  f u e l  assembly. 

This report  documents the  d e t a i l s  of the  manufacture of Assembly 

No. 29, including component procurement, inspection, fabr ica t ion  pro- 

cedure qua l i f ica t ion  and examination, and analysis  of weld-cracking 

d i f f i c u l t i e s  encountered on cer ta in  f u e l  rods during fabr ica t ion .  

reasons f o r  spec i f ic  changes i n  manufacturing pro'cedure, mater ia ls  

specif icat ion,  and weld j o i n t  design from those used on the  o r ig ina l  

core loadings are a l so  discussed i n  the appropriate portions of t h i s  

The 

document. 

DESCRIPTION OF SUPERHEATER FUTL ASSEMBLY 

A general descr ipt ion of the  reactor  core components and t h e i r  

functions,  as w e l l  as the operating charac te r i s t ics  of the BONUS system, 

has been given previously. 3 , 4  However, a br ie f  descr ipt ion of t he  

superheater fuel assembly and component pa r t s  i s  repeated here f o r  

reference. Figure l i s  a perspective drawing of the Core I superheater 

- 3J. E. 'Cunningham e t  a l . ,  BONUS Reactor Fuel Assemblies - An -- 
Invest igat ion of Fai lure  and Method of Correction, ORNL-3910 (December 1965). , 

4Boiling Nuclear Superheater (BONUS) Power S ta t ion  - Star tup Summary 
Report, CEND/PR WRA-257 (February 1966). 

. 
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SUPERHEATER 
S T A N D  P IPES 
& C O N N E C T O R S  

S U P E R H E A T E R  
FUEL 

E L E M E N T  

S U P E R  H E A T E R  
FUEL A S S E M B L Y  

1 .  PRESSURE TUBE 7. LOWER TUBE SHEET 13. SATURATED STEAM INLET STANDPIPE 
2. COOLANT TUBE 8. PASS CROSSOVER FLOW LINER 14. SUPERHEATED STEAM OUTLET STANDPIPE 
3. FUEL PELLET 

4. UPPER END CAP 10. PROTECTIVE SHROUD ' 16. CONNECTORS FOR ROTATJNG FUEL ASSEMBLY 

5. LOWER END CAP 1 1 ,  ,TUBE SUPPORT FERRULES 17. FUEL HANDLING LIFTING LUG 
6. UPPER TUBE SHEET 12. SUPPORT SPRING 18. EXPANSION BELLOWS 

9. EMERGENCY SPRAY PAN 15. STEEL RADIATION SHIELD 

Fig. 1. Perspective of Superheater Fuel Assembly with Associated 
Pipe Connections. 
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assembly with associated standpipes and connectors. 

r ebu i l t  f u e l  rod and coolant tube subassembly with d e t a i l s  of the  welded 

j o i n t  construction i s  shown i n  Fig.  2. Further d e t a i l s  and assembly 

A sketch of the  

drawings are  given i n  Appendix A. For comparison, a similar view of the 

Core I design i s  shown i n  Fig. 3 .  

Each superheater assembly i s  composed of 32 fuel-rod-and-coolant- 

tube subassemblies, a s h e l l  subassembly, the i n l e t  and o u t l e t  t r ans i t i on  

pieces and l i n e r s ,  the  upper and lower crossover box l i n e r s  and covers, 

lower end f i t t i n g s ,  and a protect ive shroud. The s h e l l  assembly forms 

the  basic support s t ruc ture  f o r  the assembly, posi t ions the  f u e l ,  and 

provides a pressure ba r r i e r  between the  moderator and the  superheated 

steam. When a fuel-rod subassembly i s  inser ted i n t o  a pressure tube and 

edge welded, the resu l t ing  annular space between the pressure and coolant 

tubes forms an insu la t ing  gap where stagnant steam resides .  The annular 

space between f u e l  rod and the coolant tube serves as the main coolant 

channel where heat i s  t ransferred from f u e i ’ t o  steam. 

shroud protects  the  thin-walled pressure tubes ‘from damage during handling. 

The l i n e r s  serve the important funct ion,of  d i rec t ing  steam flow so 

A Zircaloy-2 

t h a t  it makes four  p a r a l l e l  passes i n  t ravers ing through each superheater 

assembly. The l i n e r s  a l so  provide an insu la t ing  steam gap. The housing 

a t  the top of the  assembly contains an in l e t , and  ou t l e t  flow l i n e r  and a 

crossover box l i n e r ,  w h i l e  the  housing a t  the ’bottom contains two cross- 

over box l i n e r s .  

i n l e t  standpipe a t  the  top, steam flows downward i n  the f i r s t  pass along 

two p a r a l l e l  rows of f u e l  rods (eight individual rods) located adjacent 

Upon entrance t o  the  superheater assembly from the 

t o  the bo i l e r  region of t he  reactor .  

bottom of the  assembly, t r ave l s  upward i n  the  second pass along the  

The steam reverses d i rec t ion  a t  the 

second bank of e ight  p a r a l l e l  rods, reverses again a t  the  top of the 

assembly, flows downward along the t h i r d  bank of rods, reverses again a t  

the  bottom, and completes i t s  f i n a l  pass through the  f u e l  region by 

t ravel ing upward along the  four th  bank of f u e l  rods. 

The lower end f i t t i n g s  loca te  and sea t  the assembly wi th in . the  core 

. 

. 

st ructure .  The supgort spring minimizes the  load imposed on the  t o p  

support and compensates for d i f f e r e n t i a l  thermal expansion between super- 

heater f u e l  assembly and reactor  vesse l  during operation. 
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ORNL DWG 65-12482R 

@ INNER/ SPRING- INCONEL X 

@ TOP CAP INCONEL 604 

@ DISK - STAINLESS STEEL PLATE 

@ UPPER SUPPORT CAP - 348 STAINLESS STEEL 

@ COOLANT TUBE SPACER RING- 

@ COOLANT TUBE - 348 STAINLESS STEEL 

@ NOSE CONE FAIRING-INCONEL 604 

@ BOTTOM CAP- INCONEL 604 

@ CLAD TUBE - INCONEL 

@ INTERNAL SPACER - 347 STAINLESS STEEL 

@ FUEL RETAINER DISK- 347 STAINLESS STEEL 

@ FUEL PELLET- SINTERED UO, 

@ CLAD TUBE SPACER RING -1NCONEL 

600 
348 STAINLESS STEEL 

NOTE ALL DIMENSIONS ARE IN INCHES 
600 

Fig. 2. Perspective of Fuel-Rod and Coolant-Tube Subassembly with Details of New Design. 
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CAP-TO-COOLANT 

LOWER s u p w R T  WP m- 
CLe9 TUBE WELDMENT 

ooia WALLTUBE 

@ INNER SPRING-INCONEL X 

@ LOWER SUPPORT CAP-INCONEL 600 

0 UPPER VENT WELD 0 END CAP -INCONEL 6W 

@ BOTTOM VENT noLC 

@ CLAD TUBE - INCONEL 600 
@ UPPER SUPPORT C A P - M ~  STAINLESS STEEL 

@ COOLANT TuaE SPACER RING- 

@ INTERNAL SPACER - 347 STAINLESS STEEL 

@ FUEL RETAINER DISK- 347 STAINLESS STEEL 

@ FUEL PELLET- SINTERED UOz 

@ CLAD TUBE SPACER RING-INCONEL 

348 STAINLESS STEEL 

@ TUBE-34a STAINLESS STEEL 

NOTE 
ALL DIMENSIONS ARE IN INCHES 

600 

. 

De 
Fig. 3. Perspective of Fuel-Rod-and-Coolant-Tube Assembly with 

t a i l s  of Original Design. 

The superheater assembly i s  designed t o  be uncoupled, rotated 180°, 
and recoupled. This reversing fea ture  allows one t o  achieve a more uni- 

form burnup of f u e l  with a corresponding gain i n  r e a c t i v i t y  l i fe t ime.  

Shel l  Subassembly 
. _  

The superhea ter -she l l  subassembly ,consis ts  of the  upper and lower 

tube sheets,  32 pressure tubes, 16 f e r ru l e s ,  and the emergency cooling 

pan, all brazed together i n  the form of an in t eg ra l  support s t ruc ture .  

A modified niobium-stabilized, type 348 s t a in l e s s  s t e e l  with increased 

nickel  content and lower-than-normal l i m i t s  on B, Co, and Ta, i s  the 

main material of construction. Dimensional specif icat ions on the  pres- 

sure tubing used i n  the  fabr ica t ion  process are: 

0.833 k 0.001-in. OD X 0.018 k 0.001-in. wall thickness; maximum 

oval i ty  of 3 m i l s ;  maximum bow of 0.040 i n .  /over the 62.5-in. length. 

The brazing a l loy  i s  Nicrobraz 50 (Ni-13$ Cr-lO$ P) .  

seamless tubing of 

. 

I . 
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Fuel-Rod-and-Coolant-Tube Subassembly 

The fuel-rod-and-coolant-tube subassembly i s  composed of a f u e l  rod 

and a coolant tube welded together at  the  upper support cap. The coolant 

tube portion of the assembly consis ts  merely of a seamless tube with f i v e  

spring-type spacer r ings brazed on the  outer surface of the  tube. These 

spacer r ings (0.833-in. OD x 0.023-in. w a l l  thickness x 0.375 in .  wide) 

a re  spaced along the  tube a t  in te rva ls  of 1 2  t o  15 in .  The main function 

of the spacers i s  t o  maintain the annular insu la t ing  gap (0.0315 in .  

nominal) between coolant and pressure tubes. 

sidered i n  t h e i r  design include: (1) 

face t o  minimize vibrat ion and wear; (2) maintaining minimim metal-to- 

metal contact with pressure tube t o  minimize heat l o s s  from the coolant 

tube; (3) 

\ Other fac tors  t h a t  were con- 

provision f o r  adequate bearing sur- 

provision f o r  adequate drainage of condensate a t  the tube-to- 

spacer j o in t ;  and ( 4 )  
absorption. 

use of minimum volume of material  t o  reduce neutron 

( b t h  coolant tube and spacer r ings are  constructed from modified 

type 348 s t a in l e s s  steel. Each coolant tube i s  0.710 f 0.0015-in. I D  by 

0.0125 f 0.0015-in. w a l l  thickness with a m a x i m u m  ova l i ty  of 3 m i l s .  

One end of the tube i s  expanded f o r  f i t - u p  i n  making the fusion weldment 

between the support cap and the  coolant tube. 

Fuel Rod 

The fuel rod consis ts  of a cladding tube, f u e l  p e l l e t s ,  end caps, 

nose-cone f a i r ing ,  upper support cap, inner  spring, i n t e rna l  spacer, fue l -  

r e t a ine r  disks,  and the cladding-tube spacer r ings.  Void space i s  pro- 

vided within the rod a t  both ends f o r  accumulation of f i s s i o n  gas. The 

. 

fue l - re ta iner  disk,  which establ ishes  the  axial posi t ion of the  f u e l  

column, i s  perforated t o  allow free movement of f i s s i o n  gas; the  holes 

are sized t o  prevent la rge  fragments of f u e l  from f a l l i n g  in to  the void 

space. The in t e rna l  compression spring prevents sh i f t i ng  of the f u e l  

column during t ransportat ion and handling. The cladding-tube spacer 

r ings of t r iangular  cross sect ion maintain the  annular' coolant channel 

of 0.085 in .  (nominal) required f o r  steam flow. The fuel-rod-and-coolant- 

tube subassembly i s  welded t o  the  s h e l l  subassembly at  the  top end only; 

. 
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hence, the f u e l  rod and coolant tube are f r e e  t o  move ax ia l ly  with respect 

t o  one another t o  avoid damage from di f fe ren t ia l . therma1 expansion 

encountered i n  service.  

PROCUREDENT AND INSPECTION OF COMPONENT PARTS 

A major task  i n  the  rebuilding of Assembly No. 29 was t o  fabr ica te  a 

new s e t  of f u e l  rods. Pr ior  t o  ac tua l  fabr ica t ion ,  however, the  task  

entai led modification of shop construction drawings t o  conform with the 
h 

i proposed and adopted design changes, revis ion of procurement specif icat ions 

f o r  f u e l  p e l l e t s ,  cladding tubing, end caps, and cladding-tube spacers as 

well  as the  purchase and inspection of these items. 

. 

We monitored t h i s  pa r t i cu la r  phase of the assembly rebuilding program * 

ra ther  closely t o  ensure t h a t  the  qua l i ty  standards required f o r  upgrading 

r e l i a b i l i t y  of the f u e l  assembly were m e t .  

material as well as the  process h is tory  i n  converting material i n t o  

desired pa r t s ,  f o r  instance,  w a s  carefu l ly  followed and noted. 

t ion ,  special  a t t en t ion  w a s  given t o  those f a c e t s  of work t h a t  bore 

d i r ec t ly  on previously encountered problem areas, l i k e  excessive grain 

growth i n  cladding, hot cracks i n  weld metal, e t c .  

The composition of s t a r t i n g  

I n  addi- 

O u r  experience i n  procuring and inspecting various component pa r t s  . 

used i n  rebuilding Assembly No. 29 i s  recorded below. 

Fuel Pe l l e t s  . 

The pellets required f o r  loading the  new fuel rods a re  of the same 

general character as those specif ied i n  the  Core I design; namely, con- 

ventional s intered so l id  r igh t -c i rcu lar  cylinders of U02 with 3.25% 
enrichment i n  235U. 

drawing i n  Appendix A, while the applicable specif icat ion (NRS-12) i s  

presented i n  Appendix B. 

specif icat ions i s  the  requirement on chips, derived'from our mechanical 

property s tudies  -for the EGCR Program. 

Dimensional d e t a i l s  of the  py l l e t  appear on a 

The only s igni f icant  deviation from Core I 

. 

, 



9 

Under a competitive bid contract  award, Nuclear Fuel Services of 

Erwin, Tennessee, produced and delivered 75 kg of s intered U02 p e l l e t s  i n  

the  summer of 1965. Virgin uE16 w a s  connected to UO;! powder, and p e l l e t s  

prepared d i r ec t ly  from t h i s  powder source are designated as Batch 1. 

Batch 2, on the  other hand, r e fe r s  t o  reprocessed U02 powder. The chemical 

conversion and powder consolidation s teps  employed t o  produce p e l l e t s  by 

each of the routes a re  l i s t e d  below. 

Batch 1 Route 

1. Hydrolysis of m6, ammonium diuranate prec ip i ta t ion  and pyrohydrolysis 

t o  UO;! having a surface area of 5.450 m2/g. 

Wet agglomeration with 1 w t  5 PVA and 0 .2  w t  

and screen. 

Compact granules a t  35,000 ps i .  

Presinter  green compacts at 8001 f o r  6 h r  i n  C02; maximum heating 

and/or cooling rate 200 V/hr. 

2. sterotex; vacuum dry 

3 .  

4. 

5. 
6 .  

Sinter  p e l l e t s  f o r  3 h r  a t  2700 f 45?' i n  dry hydrogen. 

Centerless grind s in te red  p e l l e t s  with '!Five S ta r  Ci\mcool" coolant. 

Batch 2 Route 

1. Oxidation of clean hard scrap t o  U308, acid dissolut ion t o  uranyl 

n i t r a t e ,  p rec ip i ta t ion  t o  AlxT and pyrohydrolysis t o  U02. 

2 .  Same as s tep  2 'above. 

3 .  

4. Same as s t ep  4 above. 

5 .  

6 .  Same as s t ep  6 above. 

\ 

Compact granules a t  40,000 p s i .  

S in te r  p e l l e t s  for 3 hr  a t  2710 f 45°F i n  hydrogen. 

The c e r t i f i e d  chemical analyses on p e l l e t s  prepared i n  each batch 

a re  shown i n  Appendix C .  

deviation; t he  i so topic  analysis w a s  3.24%. 

s l i g h t l y  out of specif icat ion on the  second batch, and the isotopic  con- 

t e n t  was high (3.31% as compared t o  a maximum of 3.30% spec i f ied) .  

f ac to r s  were discussed with appropriate pro jec t  personnel and it was 

determined t h a t  the  fue l  would be acceptable f o r  t h i s  application. 

The f i rs t  batch m e t  the  specif icat ion without 

The i ron  content w a s  

These 

Pe l l e t s  were given a 1.5% dimensional and v i sua l  inspection by 

Nuclear Fuels Services and a 100% visual inspection by ORNL p r io r  t o  

. 

. 
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loading. 

the  edge design of the f l a t  face.  

ments of the specification; t h e  length dimension of these p e l l e t s  averaged 

0.646 in .  

t he  production run i s  i l l u s t r a t e d  i n  Fig. 4 .  

These pellets were very e a s i l y  chipped on the edges because of 

A l l  p e l l e t s  m e t  the  dimensional require- 

The general appearance of a typical group of UO;! p e l l e t s  from 

Fig.  4 .  Ty-pical Group of U02 Fuel Pe l l e t s .  

From each of the 31 boats i n  which the p e l l e t s  were  f i r e d ,  one p e l l e t  

was selected f o r  immersion density measurement. 

boats 8, 13, 20, and 26, f a i l e d  t o  meet the  m i n i m  required density of 

10.30 g/cm3. 
and 10.262 g/cm3. 

Four samples, representing 

The respective values obtained were 10.285, 10.262, 10.213, 
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Nuclear Fuels Services e lected t o  r e s in t e r  these four  boats of 

p e l l e t s  t o  increase the  density.  After resinter ing,  the  dens i t ies  were 

10.52, 10.44, 10.32, and 10.33 g/cm3. 

p e l l e t s  from boats 6, 7, and 16 after grinding. The following results 

were reported: 6 = 10.370; 7 = 10.475; 16 = 10.285. The sampling after 

grinding w a s  f o r  information only and was  not considered t o  a f f ec t  the ' 

acceptab i l i ty  of t he  previous density tes t .  

from 10.37 t o  10.53 f o r  the  s i x  s intered boat loads. 

A random sampling was  made on 

Batch-2 dens i t ies  ranged 

Although within the  limits of acceptabi l i ty ,  both the density and 

the  diameter of the  p e l l e t s  were on the low side of the  specif icat ion.  

These f ac to r s  caused considerable d i f f i c u l t y  i n  meeting the s tack weight 

requirement. 

Fuel Cladding 

The Inconel 600 tubes f o r  the f u e l  cladding were purchased t o  

Specification NRS-13 (see Appendix B ) .  

of the  tubes i s  included i n  Appendix A. 

A sketch showing the  diameters 

After competitive bidding, a fixed-price contract  w a s  awarded t o  

Wall Tube and Metal Products Company, Newport, Tennessee, f o r  purchase 

of the tubing. Although some d i f f i c u l t i e s  were i n i t i a l l y  encountered i n  

obtaining sa t i s fac tory  inside surfaces on the  tubes, the  problem was 

resolved by the vendor and approximately 140 lengths of l/4-hard tubing 

were procured. 

Inspection of the  tubing was witnessed a t  the vendor's plant .  The 

l iquid-penetrant inspection w a s  performed using Magnaflux v i s ib l e  red 

dye, solvent cleaner, and l iqu id  developer. Areas containing dye 

indications were cut out and scrapped; or, i f  the  indications were numer- 

ous, the  e n t i r e  tube length w a s  reje.cted. Spot inspection a t  Oak Ridge 

using Magnaflux postemulsification f luorescent  penetrant (ZL-22) showed 

many dye indicat ions.  Examination of these indicat ions showed t h a t  none 

exceeded the m a x i m u m  permitted. 

The u l t rasonic  inspection was performed using a water-immersion 

technique. 

a length of tubing supplied by the vendor from the  l o t  of tubing t o  be 

The notches f o r  t he  ca l ibra t ion  standard were cut by ORNL i n  
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. 

inspected. 

he l ix  of the  tubing through the  inspection s t a t i o n  w a s  such t h a t  the  

defect alarm was  consis tent ly  t r iggered on the  1/4-in. notch f o r  three 

successive ro ta t ions .  During the  tubing inspection, a f e w  re jec tab le  

areas were found and these were marked and scrapped. 

A focused transducer was  used f o r  the  inspection. The feed 

The w a l l  thickness w a s  u l t rasonica l ly  monitored during the  u l t rasonic  

f l a w  inspection. 

gaging was made a f t e r  the tubing was  cut t o  length; the w a l l  thickness 

varied from 0.0175 t o  0.020 in .  An 0.019-in.-maximum w a l l  thickness w a s  

permitted by the  specif icat ion.  After obtaining approval, t he  increased 

w a l l  thickness was accepted ra ther  than r i sk ing  the danger of decreasing 

the w a l l  thickness t o  under 0.017 in .  i n  a centerless-grinding operation. 

I n  addition t o  t h i s ,  a 20% sampling f o r  u l t rasonic  

Air gage measurement of the  inside diameter w a s  performed on d l  

cut lengths.  This inspection produced some marks on the  inside surface 

of the tubing, but close examination of several  marks indicated they 

were super f ic ia l .  

Vendor's c e r t i f i c a t i o n  analysis  of t he  heat used i n  the  tubing and 

ORNL chemical analyses are  shown i n  Table 1, and the mechanical propert ies  

as presented by the  supplier are i n  Table 2. 

I End Caps 

The end caps were machined f r o m  Inconel 604 bar stock a t  ORNL. This 

a l loy  conforms t o  the  composition of Inconel welding f i l l e r  wire; it w a s  

f e l t  t h a t  t h i s  would improve the weldabili ty of the  tube;to-end-cap 

closure jo in t s .  

The Inconel 604 bar w a s  u l t rasonica l ly  inspected using an immersion 

. technique a t  Oak Ridge. No indicat ions of i n t e rna l  f l a w s  were found. 

After machining, a l l  end caps were inspected dimensionally, visual ly ,  

-and with Magnaflux ZL-22 fluorescent penetrant.  No dye indicat ions 

were found except those due t o  machining burrs,  t ea r s ,  e t c . ,  which were 

readi ly  removable. 

ORNL and shown i n  Table 3 .  

The chemical analysis  of t h i s  material w a s  made a t  

. 
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Table 1. Chemical Analysis of Cladding Tubing 
(Heat NX- 0109 ) 

Chemical Analysis, w t  $ 
Element 

ORNLb Manufacturer's 
Cer t i f ica t ion  

Fe 6 

N i  77 

C r  1 5  

S i  0 

co 

N-b 

. T i  

cu  

A 1  

B 

Mn 

C 

' S  

P 

50 

1 

5 

12 

7:5 

14.0 

0.19 

0.060 

<O .005 

0.18 
0.06 

0.3 

0.002 

0.002 

0.005 

6.59 

77.49 

15.45 

0.18 

0.07 

0.15 

0.04 

0.007 

%et chemical analysis.  

bSpectrographic analysis.  

Table 2. Mechanical Properties of  Tubing 

Yield Strength Tensile Strength Elongat ion 
( p s i  1 (ps i  1 ( 4 )  
35,700 83,200 40 

35,700 84,000 36 
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Table 3. Chemical Analysis of 
Inconel 604 Bar f o r  'End Caps 

Chemical Analysis 
Element ( w t  73 

Wet 
Chemistry Spe c t rography 

Fe 
N i  
C r  
S i  
co 
Nb 
T i  
cu 
Al 
B 
Mn 
C 
s 
P 

7.50 
74.1 
16.0 
0.09 

0.05 . 
0.01 
0 .do1 
0.004, 

8 . 3  

15 .O 
0.13 
0.065 
2.9 
0.16 
0.02 
0.1 
0.003 

Cladding Tube Spacers 

The Inconel 600 cladding tube spacers were explosively formed from 

seamless tubing a t  the Y-12 Plant of Oak Ridge. 

selected because it offered a su i tab le  means of meeting the  t i g h t  

tolerances required. 

Explosive forming w a s  

Fabri  cation 

These spacers were made by two d i f f e ren t  procedures: t he  f i r s t  or  

" i n i t i a l "  and the  " f i n a l . "  A rubber l i n e r  w a s  used t o  ge t  a good vacuum 

and explosively form a f inish-s ized p a r t .  The " i n i t i a l "  procedure could 

not be used on the most of the spacers because (1) the  d ie  was  not strong 

enough, and it opened up on successive shots and the spacers got larger ;  

(2) it' became increasingly more d i f f i c u l t  t o  obtain a good vacuum. 

there  was not time t o  rework the too ls ,  an improvised "f inal"  procedure 

Since 

.. 

, 

51nformation supplied by W. T. Carey, Y-12 Plant .  



was used. 

i n  Appendix C. 

shown i n  Figs. 5 and 6. 

A more detailed description of these two procedures i s  shown 
Photographs of the explosive forming tools used are 

Figure 5 shows the assembled die without the explosive. The two 

halves are bolted togeth on the end i s  used f o r  carrying 

and supports the par t  du The two rubber hoses and the 

t ee  are used fo r  evacuation ( a  simuar Tee on the opposite side i s  not 

shown), and the flanges t o  sea l  off the rubber tube (not shown) are 

bolted on each end. 

Figure 6 shows the die halves separated. The contoured section i n  

the center holds ten spacers; t h e  enlargement at each end allows space 

f o r  the machining of the center section; the conical opening on each end 

i s  the sealing surface f o r  the inner tube. This picture was  taken a f t e r  

the par ts  were finished and the die surfaces were improved. 

Comments summarizing the die design and suggesting improved 

fabrication procedures are presented i n  Appendix C. 

_-  

Fig. 5 .  Assembled D i e  Without the Explosive. 



Fig. 6. Spl i t  Explosive Sizing Die. 

Inspection 

The spacers were given a visual  and a fluorescent penetrant inspec- 

t ion  by ORML personnel. 
removed from.the acceptable l o t  f o r  later repair ,  i f  required. 

Those containing s m a l l  dye indications were 

The chemical analysis f o r  the spacers i s  shown i n  Table 4 .  

Miscellaneous Components 

The sleeves and end adaptors were machined from bar stock. The 

springs were wound from Inconel X-750 weld wire a t  O a k  Ridge. 

chemical analysis of t h i s  material was made at  ORNL and i s  shown i n  

Table 5 .  The coolant spacers were machined from tubing. A l l  these 

items were visually and dimensionally inspected. 

The 

The coolant tubes were spares from the or iginal  manufacture and 

were used as received from Combustion Engineering Nuclear Division. 
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Table 4 .  Chemical Analyses of 
Inconel 600 f o r  Cladding- 

Tube Spacers 

~ ~~ 

Chemical Analysis 
( w t  $1 

Element 

Spectrography Wet 
Chemistry 

Fe 
N i  
C r  
S i  
co 

' N b  
T i  
cu 
A l  
B 

6.68 7.5 
77.0 
15.4 14.0 
0.09 0.15 

0.080 
< 0.05 

0.15 
0.02 
0.2 
0.003 

Table 5. Chemical Analyses of 
Inconel X-750 Springs 

Chemical Analysis 
( w t  $1 

Element 

Spe c t r ogr aphy Wet 
C hemi s t  ry  

Fe 
N i  
C r  
S i  
co 
Nb 
T i  
cu 
Al 
B 
Mn 

6.39 7.4 
71.7 
15.1 14.0 
0.35 . 0.57 

0 .O$O 
1 . 2  
2.7 
0.08 
0.6 
0.0003 
0.5 

. 
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The perforated fuel-retainer  disks,  standpipe, and tube sheet assemblies 

were recovered from the disassembled element and reused. The nose-cone 

f a i r ings  were made a t  ORNL. 

FABRICATION OF FUEL-ROD-AND-COOLANT-TUPE SUBASSEMBLIES 

Design Modifications 

A s  discussed previouslyJ6 it w a s  decided t o  redesign the  f u e l  rods 

i n  order t o  make them more e a s i l y  fabr icable  and more r e l i ab le  i n  

operation. The primary areas affected by the redesign were the  fue l -  

rod end closures. Two spec i f ic  a i m s  were involved: (1) t o  eliminate 

the vent-hole plug welds and (2) t o  change from the  socket-type t o  edge- 

type j o i n t  design a t  both end-closure welds. The basic  changes were 

carr ied out within the  confines of the or ig ina l  f u e l  containment envelope 

specified by Combustion Engineering Nuclear Division. 

Previous work7 a t  ORNL on the  Experimental Gas-Cooled Reactor Program 

demonstrated t h a t  an edge-weld j o i n t  design produces a r e l i ab le  and eas i ly  

fabr icated end closure f o r  thin-walled tubing. 

lower end caps were redesigned t o  incorporate the edge-weld jo in t .  

Figure 7 shows the  resu l t ing  configurations f o r  the fuel-rod end caps. 

The threaded stud on the  top end cap accommodates the  ex is t ing  investment- 

cas t  support hanger, while a s i m i l a r  threaded stud on the  bottom end cap 

accommodates a newly fabricated nose-cone f a i r ing ;  thus,  the  overa l l  

shape of the  f u e l  rod remains unchanged. 

The assembly sequence f o r  t he  top end cap i s  shown i n  Fig.  8.  

Thus, both the upper and 

A t  

the  l e f t  are  shown the cladding tube and end cap ready for assembly. I n  

the  center,  the end cap i s  pressed i n t o  place ready f o r  welding and the 

cas t  support hanger i s  i n  posi t ion t o  be screwed on. The f inished 

assembly i s  shown a t  the r igh t .  

. 

6J. E. Cunningham -- e t  a l . ,  BONUS Reactor Fuel Assemblies - An 
Investigation of Fai lure  and Method of Correction, ORNL-3910 (December 1965) . 

7W. D. Manly and J. H. Coobs, 'haterials Development Program f o r  Gas- 
Cooled Reactor Project  a t  the  O a k  Ridge National Laboratory," pp. 15047 
i n  Gas-Cooled Reactors, A Symposium Sponsored J o i n t l y  by the Franklin 
I n s t i t u t e  and the  American Nuclear Society, Delaware Section, Monograph 
No. 7, Journal of the  Franklin I n s t i t u t e ,  Lancaster, Pennsylvania, May 1960. 
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Fig. 7. Typical  End Cap and Tube-to- 
End-Cap Edge Weld. 

Fig. 8. Assembly Sequence f o r  Top End Cap. 
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The assembly sequence f o r  the bottom end cap i s  shown i n  Fig.  9. 
The s teps  from l e f t  t o  r i g h t  are similar t o  those shown i n  Fig.  8. 

The screwed-on f i t t i n g s  a t  each end of the f u e l  rods were perma- 

nently secured i n  pos i t ion  by a p in  inser ted  through the s ide of each 

f i t t i n g  and i n t o  a blind hole d r i l l e d  i n  the  threaded stud i n  the  end 

cap. 

f ixed  by plug welding. 

of t h i s  type i n  a bottom end f a i r i n g  i s  shown i n  Fig. 10. 

These pins  were made of Inconel 62 welding wire and were securely 

A longi tudinal  cross sect ion of a typ ica l  j o i n t  

I n  order t o  accommodate the shortened end cap and edge-weld j o i n t  

design while keeping the  f u e l  rod overa l l  length the  same as the  or ig ina l ,  

the  cladding tube had t o  be lengthened from 56.000 k 0.010 in .  t o  

60.187 * 0.010 i n .  

a support sleeve had t o  be inser ted  between the top  end cap and the  top  

of the f u e l  column, and the lower support sleeve had t o  be lengthened. 

Since the f u e l  p e l l e t  s tack  length w a s  l e f t  unchanged, 

J 

. 

Fig. 9. Assembly Sequence f o r  Bottom End Cap. a<. 
- 



Fig. 10. Cross Section of Bottom End Cap and Fairing. The tube-to- 
end cap and the pin-to-fairing welds are evident. Etchant: Glyceria 
regia. 7x.  

The purpose of these sleeves is to keep the unsupported cladding from 

collapsing during reactor operation. 

The need for vent holes in the end caps (as called for in the original 
design) was easily circumvented. 

the final end cap into each fuel rod in a helium-filled, inert-atmosphere 
welding chamber. 

This was done by inserting and welding 
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No other design modifications were made, and a l l  other aspects of the 

BONUS replacement f u e l  element were as or ig ina l ly  designed by CEND. 

I 
Y Fuel Element Fabrication Sequence 

The various operations used i n  rebuilding superheater f u e l  Assembly 

No. 29 are  l i s t ed  i n  sequential  order below. 

1. Inspect component par t s ,  t h a t  is ,  cladding and coolant tubing, 

f u e l  p e l l e t s ,  spacers, and end caps. 

2. Braze spacers onto cladding and coolant tubing. This opera t ion .  

was performed on commercial equipment under subcontract. 

3. Inspect brazed tube-to-spacer j o in t s .  

4. Weld bottom end caps in to  f u e l  tubes. 

5 .  Load bottom spacer sleeve, perforated disk, and UO;! f u e l  i n to  

f u e l  tubes. 

6. Place loaded f u e l  tubes i n t o  inert-atmosphere welding chamber 

and vacuum outgas f o r  4 h r  a t  570°F. 

7. Backfil l  chamber with helium. Load an Inconel X-750 compression 

spring and top  spacer sleeve in to  each f u e l  rod. 

place.  

Press top end cap in to  

8 .  
9. Inspect both end closures.  

Weld the top  end cap i n  place. 

10. Assemble the  threaded end f i t t i n g s  onto the fue l  rods and 

secure i n  place. 

11. Inse r t  the completed f u e l  rods in to  the coolant tubes. 

12. 

13. Dye-penetrant inspect the top-support-hanger-to-coolant-tube 

Weld the top support hanger t o  coolant tube. 

welds. 

14. Load the fuel-rod-and-coolant-tube subassemblies i n to  the 

pressure she l l .  

15. Transfer the pressure s h e l l  t o  ORGDP f o r  f i n a l  assembly 

operations. 

The various operations w i l l  be discussed i n  d e t a i l  i n  subsequent 

sections.  
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Spacer Brazing 

A specif icat ion (NRS-14) w a s  prepared t o  cover the brazing of 
spacers t o  both the  cladding and coolant tubes. > 

' Cladding Tubes 
' 

It was  proposed' t h a t  the  large grain s i ze  i n  the  cladding tubes of 

the  o r ig ina l  BONUS f u e l  element w a s  a r e s u l t  of the long-time high- 

temperature brazing cycle which w a s  used. 

was the  poss ib i l i t y  of germinative grain growth. 

were taken t o  overcome these d i f f i c u l t i e s .  These were: 

fb5 addi t ional  complication 

Two spec i f ic  measures 

1. The f u e l  cladding tubing had a l/4-hard m i l l  temper before 

brazing. 

2. Spacers were brazed on the cladding tubes before they were 

loaded with fue l .  

The purpose of requiring a l/L;-hard m i l l  temper i n  the tubing w a s  

t o  prevent excessive grain growth. This temper w a s  selected as optimum 

after numerous grain s i ze  s tudies .  The var iables  studied were brazing 

t i m e ,  brazing temperature, and m i l l  temper. 

I n  order t o  l i m i t  the  time a t  temperatures above 1600°F t o  10 min, 

t he  cladding tubes were brazed without f u e l  inside.  

loaded with fue l ,  t h e i r  large masses would have precluded the poss ib i l i t y  

of using a rapid thermal cycle f o r  brazing. 

If the tubes had*been 

The adequacy of the  grain s i ze  control achieved by the above means 

i s  shown i n  Figs.  11 and 12. 

as-received l/4-hard tubing. 

at the brazing temperature of 18509, and Fig.  l l c  i s  the grain s ize  a f t e r  

20 min a t  1850°F. 
which went through the  production brazing cycle. 

Figure l l a  shows the microstructure of the 

Figure l l b  i s  the grain s i ze  after 10 min 

Figure 1 2  i s  the microstructure of an actual  tube 

The ac tua l  brazing of cladding-tube spacers proceeded as outlined 

below. 

1. Five Inconel 600 cladding-tube-to-coolant-tube spacers were 

slipped on each cladding tube and spaced according t o  the applicable drawing 

' 5 .  E. Cunningham -- e t  a l .  , BONUS Reactor Fuel Assemblies - An 
Invest igat ion of Fai lure  and Method of Correction, ORNL-3910 (December 1965). 
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Fig. 11, Microstmcbe of kconel  6.00 Cladding Showing G r a u  Size 
af (a) As-Received Tubing, (b) Tubing af'ter Beating a t  185O0F for 10 min, 

ing after Rea at 18510°F for 20 min. Etchant: oxa lk-ae id  
I@. 1OQX. 
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Fig. 12. Microstructure of Actual Cladding Tube That Has Gone Through 
Brazing Cycle. Etchant: Glyceria regia. 

(Appendix A). 
by a capacitor discharge welder set at 200 wsec output. 

Each spacer was secured to the tube by one spot weld made 

2. A slurry of powdered Nicrobraz-50 (Ni-13$ C1-10$ P) brazing 
alloy in a volatile acrylic binder was preplaced at each braze joint, that 

is, the three tangency locations of each spacer-to-tube interface. 
3. The tubes were crated and shipped to the brazing vendor, 

Ferrotherm Company, Cleveland, Ohio, for brazing. 
ORNL supervision. 

They were brazed under 

4 .  The tubes were brazed in a single lot in a continuous, belt- 

hearth furnace in a dry hydrogen atmosphere of at least -70°F dew point. 

The brazing thermal cycle was specified as 10 min or less above 1600°F 
with a maximum temperature of 1850°F. 
generated by a thermocouple contained inside a cladding tube as it passed 
through the furnace is shown in Fig. 13. 

A typical thermal cycle trace 

. 
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Fig. 13. Typical Thermal Cycle Used i n  Brazing Spacers t o  Cladding 
Tubes. 

After brazing, the  tubes were crated and returned t o  ORNL f o r  inspec- 

t i on  and subsequent assembly operations. A cross-sectional view of a 

typ ica l  sa t i s fac tory  cladding-tube-to-spacer braze i s  shown i n  Fig.  14. 

A l l  tubing-spacer.braze j o i n t s  were inspected a t  ORNL a f t e r  receipt  

from the  Ferrotherm Company. The following tubes appeared t o  have 

inadequate braze mater ia l  'for the f u l l  circumference of the jo in t :  0-1, 
0-2,  0-3,  0-6, 0-7, 0-10, 0-12, 0-15, 0-18, 0-20, 0-22, 0-23, 0-25, 0-26, 

0-29, and 0-39. 

A review of these tubes by pro jec t  personnel resul ted i n  an acceptance 

f o r  use of 0-1, 0-2, 0-10, 0-15, 0-20, 0-22, and 0-25, and f o r  "use i f  

necessary" of 0-3 and 0-12. 

Coolant Tubes 

The coolant tubes were type 348 s t a in l e s s  s t e e l  and were available 

as surplus material from Combustion Engineering Nuclear Division. 

However; we had t o  fabr ica te  new spacers from type 348 s t a in l e s s  s t e e l  

tubing. 
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Fig. 14. Typical Cladding-Tube-to-Spacer Braze. Good general flow and 
filleting are .evident, although a few scattered voids were obtained. 
As-polished. 5X. 

The brazing of the coolant-tube spacers proceeded as outlined below: 
.1. Five type 348 stainless steel coolant tuhe-to-pressure tube 

spacers were slipped on each coolant tube and spaced according to the 

applicable drawing. Each spacer was secured to the tube by one spot weld 

made by a capacitor discharge welder set at 200 wsec output. 
2. A slurry of powdered Nicrobraz-50 brazing alloy in a volatile 

acrylic binder was preplaced at each braze joint. 

3.  The tubes were crated and shipped to the brazing vendor, 

Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, for brazing. 
Westinghouse was selected as the alternate vendor when the original 
brazing vendor was unable to maintain adequate hydrogen purity. 

I 

4 .  The tubes were brazed in a batch-type retort furnace in a dry 

hydrogen atmosphere of at least -94OF dew point. 
thermal cycle, as read from monitor thermocouples, is shown in Fig. 15. 

A typical brazing 
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Fig. 15. Typical Thermal Cycle Used i n  Brazing Spacer t o  Coolant 
Tube. 

5 .  The coolant tubes,were brazed i n  the  two l o t s  itemized below. 

We used the  or ig ina l  CEND numbers f o r  tube ident i f ica t ion .  

Braze Lot Number 1 Braze Lot Nuniber 2 

1389 1289 1419 . 1502 1497 1362 
1490 1386 1379 1376 1381 1374 
1495 1491 1499 1393 1500 
1501 1391 1297 1506 1380 

, 1293 1295 1504 1387 1390 
1288 1493 1498 1377 1513 

1460 

6. After  brazing, the tubes were crated and returned t o  ORNL for 

inspection and subsequent assembly operations. 

Inspection revealed t h a t  the  brazing, i n  general, met t he  requirement 

of the minimum 3/16-in. coverage. 

Spacers on a l l  34 subassemblies had a s l i g h t l y  roughened surface 

where excess brazing a l loy  was removed. 

grinding marks on the  tube wall. 

area.  

braze material  had a rough surface condition. 

a t yp ica l  coolant tube-to-spacer braze i s  shown i n  Fig. 16. 

Tubes 1274, 1380, and 1381 had 

Tube 1274 a l s o  had a dent i n  the  ground 

A l l  34 tubes had from 1/8- t o  3/8-in. camber. On tube 1460, the  

A cross-sectional view of 
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Fig. 16. Typical Coolant-Tube-to-Spacer Braze. Good bonding i s  
evident. As-polished. 5x. 

Welding of Bottom End Caps 

During qua l i f ica t ion  of the  end-cap welding procedures, several  test  

samples were made. These were inspected i n  the same manner as the pro- 

duction welds ( i . e .  by l eak  t e s t ,  radiography, and l iqu id  penetrant, as 

described below under Inspection of Fuel Rods). I n  addition, extensive 

metallographic sectioning was used t o  ver i fy  weld in t eg r i ty  and adequacy 

of penetration. 

Both the  tubing and bottom end caps were u l t rasonica l ly  cleaned i n  

acetone p r i o r  t o  assembly. 

i n  the,  cladding tubes. 

f i l l e r  metal i n  the  setup shown i n  Fig.  17. 
chuck and mechanically ro ta ted  under the welding torch a t  a constant 

speed by a direct-current  motor. 

welds. 

tubes and approximately 0.030 t o  0.040 in .  below the weld j o i n t  t o  

The end caps were then pressed i n t o  place 

An edge weld w a s  made without the addition of 
The tube was secured i n  a 

Current t r aces  were recorded f o r  a l l  

A massive copper c h i l l  block was placed around the outside of the 
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Photo 81856 

Fig. 17. Equipment Used f o r  Welding End Caps t o  Cladding Tubes. 

minimize rol lover  of weld metal. The c h i l l  block w a s  carefu l ly  brushed 

clean a f t e r  each use. 

To make the weld, the tubing-and-end-cap assembly w a s  ro ta ted  a t  

a constant speed under the  torch p r i o r  t o  a r c  i n i t i a t i o n .  The a r c  w a s  

started with the a id  of a high-frequency a r c  s t a r t e r .  

was established, the work was ro ta ted  1 1/2 revolutions.  

tapered t o  ex t inc t ion  during an addi t iona l  1/2 revolution. 

conditions used f o r  a l l  the  bottom end-cap welds a re  (1) torch  gas, 

argon at  15 cfh; (2) electrode, 1/16-in.-diam, 2% thor ia ted  tungsten; 

( 3 )  a rc  gap, 0.020 t o  0.030 in.;  ( 4 )  welding current,  16 t o  19 amp, 

d i r e c t  current,  s t r a i g h t  po lar i ty ;  and (5) welding speed, 6.8 in./min. 

After the a r c  

The a r c  was  

The welding 

A closeup view of a typ ica l  bottom end-cap weld i s  shown i n  Fig. 18a. 
A metallographic cross sect ion of a bottom end-cap weld i s  shown i n  

Fig.  18b. 
u n t i l  a f t e r  the top  closure. 

Except f o r  v i sua l  examination, weld inspection was deferred 

. 
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Loading of Fuel Rods 

After the bottom-end cap welds were completed, a lower spacer sleeve 

and perforated disk were loaded in to  each f u e l  rod. Both of these items 

were made of type 348 s t a in l e s s  s t e e l  and are  shown i n  Fig. 19. 
. 

Fig. 19. Lower Spacer Sleeve and Perforated Disk. 2X. 

The U02 f u e l  p e l l e t s  were then loaded i n t o  the  f u e l  rods. These 

p e l l e t s  had been previously inspected and made up i n t o  stacked lengths 

of 54 5/8 k 3/16 in .  a s  specified by the applicable drawing. These 

stacked lengths had a specified weight of 1825 2 25 g per f u e l  rod. 

f u e l  weights fo r  each rod a re  l i s t e d  i n  Appendix D. 

The 

Outgassing of Fuel Pe l l e t s  

The f u e l  rods, complete with f u e l  p e l l e t s  but without compression 

springs, upper space sleeves, and top end caps, were loaded i n t o  an iner t -  

atmosphere welding chamber f o r  outgassing. 

under vacuum i n  a furnace extension t o  the welding chamber. 

t h i s  setup can be seen i n  Fig. 20 which shows the  8-in.-ID X 58-in.-long 

clamshell furnace i n  place over the vacuum outgassing r e t o r t .  

The outgassing was performed 

A view of 

The outgassing cycle consisted of baking the f u e l  rods fo r  4 hr  a t  

570°F under a dynamic vacuum of about t o r r .  The rods were then 
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Fig. 20. Inert-Atmosphere Chamber and Furnace Extension. 

cooled t o  room temperature under vacuum before the welding chamber was 

backfi l led with high-purity helium (6 ppm H2, 6 ppm H20, 9 ppm N2 + CO, 

1 ppm 02, 21 pprn A r ,  < 1 ppm C02). 

I n  order t o  qual i fy  t h i s  outgassing cycle, a special  tes t  was  con- 

ducted p r io r  t o  operations on any f u e l  rods. I n  t h i s  test ,  t en  randomly 

selected f u e l  pellets were placed i n  a length of cladding tubing and 

outgassed as described above. Before they w e r e  removed from the welding 
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chamber, the pe l le t s ,  under the protection of a helium atmosphere, were 

removed from the tube and placed i n  a glass t ransfer  bott le.  

then sent fo r  an assay of moisture content. 

w a s  0.52 ppm, well within the 10 ppm specified i n  NRS-12, Appendix B. 

This was 

The reported moisture content 

Assembly of Top Closure Components 

After the chamber was backfilled with high-purity helium, the top 

spacer sleeves, compression springs, and top end caps were inserted in to  

the f u e l  rods. 

with the f u e l  rods f o r  outgassing. 

These components were placed i n  the welding chamber along 
A view of these items i s  shown i n  

Fig. 21. 

Fig. 21. Top Spacer Sleeve, Compression Spring, and Top End Cap. a<. 

Welding of Top End Caps 

The top end-cap welding procedure was  qualified i n  a manner similar 

t o  tha t  described above f o r  the bottom end-cap welds. 

Prior t o  removal from the helium-filled welding chamber, the top 

end cap was welded i n  each fue l  rod. 

cap, an edge-weld jo in t  was used. 

Like f o r  the closure a t  the bottom end 

It w a s  made by mechanically rotat ing 
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the tube in 

torch. The 
a horizontal position in front of the stationary welding 
apparatus used for this operation is shown in Fig. 22.. The 

frequently cleaned copper chill block used in making the bottom end-cap 
welds was also used in making these welds. 

The fuel rod was rotated at a constant speed in front of the torch 

prior to arc initiation. Because of the difficulties in starting an 

arc in a helium-filled welding chamber, argon was introduced through the 

welding torch at the same time that the high-frequency arc starter was 
energized. Once the arc was established, the torch gas was immediately 

switched to pure helium. Like the bottom end caps, the workpiece was 

rotated 1 1/2 revolutions at full welding current. 

a 1/2 revolution of arc taper to extinction. 

usgd for all top end cap welds are (1) torch gas, arc initiation with 
argon at 15 cfh and welding with helium at 15 cfh; (2) welding chamber 
gas, helium at 5 to 10 cfh; (3) electrode, 1/16-in.-diam, 2$ thoriated 
tungsten; ( 4 )  arc gap, 0.020 to 0.030 in.; (5) welding current, 16 to 18 amp, 
direct current, straight polarity; and (6) welding speed, 6.8 in. /min. 

This was followed 'by 

The welding conditions 

A closeup view of a ty-pical top end-cap weld is shown in Fig. 23a, 
while a metallographic cross section is shown in Fig. 23b. 

The top end-cap welds were made on a batch basis. For each welding 

batch, a sample qualification weld was made prior to actual fuel rod 

welding. This was done to.verify the quality of the welding chamber 

atmosphere and the settings for all welding parameters. 

examination revealed these welds to be satisfactory. 

Metallographic 

In addition to the qualification welds, a sample of the welding 

chamber atmosphere was taken for each welding batch. These samples 
were submitted for mass-spectrometer analysis. These analyses were 

compared with the original gas bottle analyses as further verification 

that no atmospheric contamination had occurred. The gas analyses for all 

the chamber welding batches are presented in Appendix D. 
After completion of the top end-cap welding, the fuel rods were 

sent for a complete nondestructive evaluation prior to any further 

operations. 
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Fig. 23. Top-End Cap Weld. ( a )  General photograph. (b)  Metal- 
lographic cross  section. Etchant: Glyceria regia .  
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Inspection of Fuel Rods 

A few f u e l  rods were helium leak  tes ted  by the  Inspection Engineering 

Department; however, the  i n s t a b i l i t y  of the leak detector instrument 

(Veeco MS-9A) a t  the high-sensi t ivi ty  range prevented the reproducibi l i ty  

necessary for' a va l id  tes t .  

5 x 10-l' s t d  cm3/sec. 

conditions w a s  found t o  leak a t  a r a t e  i n  excess of 1 x 

The reproducibi l i ty  w a s  on the order of 

One of the  f u e l  rods, No. 0-38, tes te?  under these 

s t d  cm3/sec. 

This leak r a t e  l e f t  no question as t o  the unacceptabili ty of the rod. 

Because of the instrument d i f f i c u l t i e s ,  a l l  rods were t ransferred t o  

the leak t e s t  f a c i l i t i e s  i n  Bldg. 9201-3 a t  Y-12. The instruments used 

were CEC Model 24-120. Of the  35 rods, 32 were found t o  be acceptable 

and the tes t  data are  shown i n  Appendix C .  One of these rods required 

repair;  t h a t  i s ,  the weld w a s  ground away, the  end cap w a s  reinserted,  

and the weld w a s  remade successfully.  

t o  leak i n  excess of the permissible r a t e  were 0-14, 0-28, 0-38, and 

The f u e l  rods which were found 

0-40. 

excess of the maximum l i m i t  of the instrument of 1 x 
The meter readings on rods 0-24 and 0-32 were one divis ion above the bac/k- 

ground (columns E and D i n  Appendix C - 3 ) ;  however, a check on the back- 

ground l eve l  subsequent t o  the  tes t  on these rods showed tha t  the  back- 

ground l eve l  had raised one divis ion and tha t  the rods were not leaking. 

I n  general, one division r i s e  i n  meter reading above background w a s  not 

considered as leakage. 

Each of these,  whe,n f irst  detected, produced leak r a t e  readings i n  

s t d  cm3/sec. 

\ 

, 

The point  of leakage on rods 0-28 and 0-40 w a s  located by helium 

sn i f f ing  and with Zyglo penetrant. 

these rods and rewelded with new end caps. 

leakage; 0-40 showed no leak and 0-28 leaked a t  a r a t e  greater  than 

1 x lom5 s t d  cm3/sec. 

penetrant.  .Rod 0-40 w a s  included i n  the 32 accepted rods. 

The welds were removed from each of 

The rods were retested f o r  

This leak w a s  located by helium sn i f f ing  and with 

After leak tes t ing ,  penetrant inspection w a s  performed on each 

I -  

* 

closure weld using type ZL-22 f luorescent penetrant with a 30-min 

penetration time, type ZE-3 emulsifier with a 1-min emulsification t i m e ,  

and type ZP-4 dry developer. No indications were reproducible except on 

two of the rods previously rejected by the helium leak t e s t .  
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Radiography of the  welds w a s  done with the cent ra l  x-ray beam 

directed toward the weld and a t  an angle of approximately 30" t o  the rod. 

A special  f i x tu re  w a s  used t o  hold the  rods and f i l m  i n  posit ion.  

re jectable  indicat ions were found on the radiographs. 

No 

The r e su l t s  of the  dimensional inspection of the acceptable rods 

were sa t i s fac tory  and the data  are  a l so  shown i n  Appendix C.  Metallo- 

graphic examination of the  leaking areas o f  the  f u e l  rods revealed tha t  

a weld-cracking problem exis ted.  This i s  discussed i n  d e t a i l  i n  a 
subsequent sect ion of t h i s  report .  

Assembly oY Threaded End F i t t i n g s  

After passing the  nondestructive t e s t i n g  evaluation, the f u e l  rods 

Once these f i t t i n g s  were were equipped with the  threaded end f i t t i n g s .  

screwed i n t o  place, they were secured by pinning as described e a r l i e r  

and shown i n  Fig. 10. 

Inser t ion  of Fuel Rods i n t o  Coolant Tubes 

The fue l  rods were manually inser ted i n t o  the  coolant tubes. Because 

of .a close f i t  between the t r iangular  spacers on the f u e l  rods and the 

inside surface of the coolant tubes, it w a s  necessary t o  use a removable 

lubricant  t o  prevent damage during assembly. 

solution of s t e a r i c  acid i n  e thyl  alcohol, which w a s  hand painted on each 

fuel-rod-to-coolant-tube spacer and allowed t o  flow on the inside of 

each coolant tube. After assembly, the  fuel-rod-coolant-tube subassemblies 

were rinsed out with 190-proof e thy l  alcohol. 

\ 

The lubricant  used w a s  a 

After t h i s  operation, they 

were vacuum baked f o r  4 hr  a t  570°F t o  v o l a t i l i z e  any residual  s t e a r i c  

acid.  

A correlat ion of the f u e l  rod ident i f ica t ion  numbers with the 

ex is t ing  CEND numbers of the coolant tubes i n t o  which they were loaded 

i s  l i s t e d  i n  Appendix D. 

tube spacer and on the  outside of the  top support cap. 

The f u e l  tubes were numbered on the top cladding- 



Welding of Fuel Rods to Coolant Tubes 

After vacuum baking, the fuel-rod-and-coolant-tube subassemblies 

were ready to have the coolant tubes welded to the fuel rods. 

involved the making of a socket-type weld between the upper, flared edge 
of the coolant tube and the upper support hanger of the fuel rod. These 

welds were made manually with the addition of type 347 stainless steel 
filler metal at a current of 20 to 25 amp and a welding syeed of 
approximate- 4 in. /min. 

After welding, all welds were dye-penetrant inspected and accepted. 

This 

The weld buildup was then dressed down as necessary so that the sub- 
assemblies would fit into the pressure shell. 

typical coolant-tube-to-fuel-rod weld is shown in Fig. 24a. A cross 
section of a coolant-tube-to-fuel-rod test weld is shown in Fig. 24b. 

The appearance of a 

I . 

Fig. 24. Coolant -Tube -to -Fuel -Rod Weld. (a) General photograph. 
(b) Cross section. 4 0 ~ .  Etchant: glyceria regia. 



41 

Loading of Subassemblies i n to  Pressure Shell 

The f'uel-rod coolant-tube subassemblies were manually inserted in to  

the existing BONUS fue l  element No. 29 pressure she l l .  

end of the pressure s h e l l  pr ior  t o  loading of the subassemblies i s  shown 

i n  Fig. 25. 

assigned numbers i s  shown i n  the chart of Fig. 26. 
end of the loaded fue l  assembly i s  shown i n  Fig. 27. 

A view of the top 

The physical location of the f u e l  rods according t o  t h e i r  

A view of the  top 

- Photo 81852 
- =  

. 
Fig. 25. Top End of Pressure Shell Frior t o  Loading of Fuel-Rod-and- 

Coolant-Tube Subassemblies. 

I *  
I 
~* 

ORNL-DWG 66-8465 

1 NO. 29 STAMPED HERE 

Fig. 26. Location of Fuel Rods i n t o  Pressure Shell. 



Photo 8 

Fig. 27. 
Support Caps. 

Top End of Loaded Fuel Element Before Welding Pressure Tubes t o  

57 
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The fuel  assembly was  t ransferred t o  ORGDP f o r  edge welding the 

subassemblies t o  the  pressure tube upper ends and r e ins t a l l a t ion  of the  

steam-flow l i n e r s ,  crossover boxes, and standpipes. 

FABRICATION OF REMAINDER 'OF FUEL ASSEMBLY 

The standpipe subassembly and upper portion of the top  end box had 

been machined off superheater Assembly No. 29 t o  permit us t o  remove the 

f u e l  rods and coolant tubes f o r  examination. The reason f o r  t h i s  examin- 

a t ion  w a s  discussed i n  the introductory sect ion of t h i s  report .  The 

standpipe and s h e l l  portions of t h i s  assembly were t ransferred from ORNL 

t o  the ORGDP Fabrication Shops f o r  remachining the weld j o i n t s  i n  prepar- 

a t ion  f o r  the  f i n a l  closure welds. Both the  standpipe and tube sheet 

subassemblies were t ransferred in to  separate, hinged-top wooden boxes f o r  

cleanliness protection and t o  f a c i l i t a t e  handling. Within the  boxes, each 

was encased i n  a p l a s t i c  covering and mounted on Styrofoam padding. 

notice was posted on the ex ter ior  of each box, "HANDLF: CONTENTS ONLY WITH 

WHITE, CLEAN GLOVES. I t  

A 

Cleanliness control specified f o r  the or ig ina l  f u e l  building was  

s t r i c t l y  observed f o r  the  rebuilding of Assembly No. 29. All machining 

was done without cut t ing o i l s  and by operators wearing clean, l i n t - f r e e  

white gloves. Tube ends were sealed with p l a s t i c  caps while machining 

the  tube sheet j o i n t  edges. Turnings were blown off with dry a i r ,  and 

the pressure tubes were washed with laboratory-grade alcohol bePore 

inser t ing  the fue l  elements. 

cleaning were followed while remachining the  standpipe subassembly. 

Welds w e r e  checked f o r  cracks using penetrant, cleaner, and developers 

ce r t i f i ed  by the vendor t o  meet the minimum NavShips 250-1500 require- 

ments f o r  su l fur  and halogen contents. All residue w a s  washed from each 

weld %th  the  su l fur -  and halide-free cleaner before continuing the next 

Similar precautions f o r  cleanliness and 

pass o r  a t  the  completion of the weld. 

During the process of rebuilding, components were shielded i n  p l a s t i c  

wrappings and a l l  pa r t s  were handled with white gloves. 

the un i t  f o r  shipping, a l l  ex ter ior  surfaces were washed with alcohol- 

saturated,  l i n t - f r ee  cotton pads. 

Before seal ing 



Tube Sheet Subassembly Reworking 

As received a t  ORGDP, the  pressure-shell  subassembly had been m i l l  

cut through the upper cover p l a t e  near the edge weld and across the  

transit ion-to-tube-sheet weldments. A l l  f u e l  rods had been freed by a 

square cut through the  pressure-tube edge welds. 

on the  lower tube sheet.  

No cuts  had been made 

To ready t h i s  component f o r  reassembly required dressing the  tube 

sheet j o i n t  edges f o r  welding, cut t ing away tube sheet cover p l a t e s  from 

the crossover l i n e r s ,  and other inc identa l  buildup and repa i r  work. 

The f i rs t  s t e p  f o r  rebuilding consisted of but ter ing weld extensions 

onto the in l e t -ou t l e t  compartment edges of the f u e l  box upper tube sheet.  

Buttering w a s  intended t o  recover the length loss effected by the  sever- 

ance cut ( the width of the m i l l  cut t ing t o o l  plus  j o i n t  cleanup los ses ) .  

Welding consisted of several  overlay beads by the  gas tungsten-arc 

process, using c e r t i f i e d  f i l l e r  wire. The completed welds were accepted 

by a radiographic check. 

The subassembly w a s  t ransferred onto a flatbed-type mil l ing machine - 
f o r  necessary machining. Shims were inser ted between compartments and 

C-clamps were incorporated t o  lock the tube sheets onto the  s ta t ionary  

bed. The buttered edges were squared t o  a common facing plane, i n t e rna l  

shoulders were restored f o r  the cover p l a t e  seats, and new bevels were 

machined. The subassembly w a s  reversed, and w i t h  the  lower tube sheet 

locked squarely onto the bed, attachment pa r t s  were machined off i n  the 

following order: 

With a l l  external  pa r t s  removed, frame cuts  were made alongside of the 

cover p l a t e  edge welds. Special a t ten t ion  w a s  given t o  the  depth of 

these cover p la te  cuts  t o  preclude damage t o  the crossover l i n e r s .  

the  assembly guide, the  sleeve end, and the  guide sleeve. 

Two items were noted during inspection of the  upper tube sheet t h a t  

required correction. F i r s t ,  several  prominent casting and/or madining 

l i n e s  were found on the  i n t e r i o r  w a l l  of the  upper sheet.  

stress-concentration l i n e s  were removed by buffing. Second, f u l l  pene- 

t r a t i o n  of ^ the  cover-plate-to-tube-sheet weldments had not been achieved. 

To assure a good repa i r  j o i n t ,  the  l i p  height of the  shoulder sea t  was 

These po ten t i a l  
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reduced t o  3/32 i n .  t o  improve the  welder's access ib i l i t y  f o r  making the 

c r i t i c a l  root pass (Appendix B, "BONUS Superheater Repair Welding, I' 

UCN-1, Par t  B) . 
A l l  or ig ina l  pa r t s  except the crossover p l a t e  covers were salvable. 

The guide sleeve cap, spring, seat washer, and f u e l  assembly guide were 

reusable as removed. The guide sleeve, shortened by the  t o o l  cut,  w a s  

buttered and remachined t o  the  design length. 

flow l i n e r s  were salvaged by cut t ing away the  cover p la tes  back t o  the 

posit ioning pins.  

t h a t  these thin-walled l i n e r s  could be firmly chucked without indenting 

or t ear ing  the metal surface. 

Upper- and lower-crossover 

This required the  use of special  clamping f ix tu re s  so  

Three new cover p l a t e s  were fabricated.  P la te  edge bevels were 

modified t o  45" by 1/16-in.-high land, again t o  f a c i l i t a t e  be t t e r  access 

i n t o  the weld root.  

1/16 i n .  t o  create  an ou t l e t  passage f o r  the i n e r t  backup gas used i n  the  

welding operation. 

The diameters of the  p l a t e  holes were increased 

Standpipe Subassembly Reworking 

Major rework on t h i s  component required the squaring and beveling 

of edges of the t r ans i t i on  casting f o r  f i n a l  j o i n t  setup and the repair ing 

of surface abrasions on the  l i ne r s .  During the  or ig ina l  detachment cut,  

the  thin-walled l i n e r  surface was  damaged; besides two s m a l l  m i l l  nicks, 

a groove 4 x 1/16 x 0.010 in.  deep had been inadvertently cut on a l i n e r  

face.  To make t h i s  groove accessible f o r  repa i r ,  trimming of the t ran-  

s i t i o n  casting an addi t ional  l / 8  i n .  w a s  required. 

castings were squared t o  the cutback plane. 

Both t r ans i t i on  

The surface defects  on the l i n e r s  were f i l l e d  i n  w i t h  a tungsten- 

a rc  weld, using 0.035-in.-diam type 348 s t a in l e s s  s t e e l  f i l l e r  wire 

with the  welding machine adjusted f o r  minimum heat output. 

through t o  the  0.030-in.-thick l i n e r  w a s  experienced. 

crowns of these repa i r  welds were blended in to  the  base metal and polished 

with emery cloth,  as w a s  the  sagged metal l i n e  t h a t  developed on the 

underside surface of each weld. 

No burn- 

The reinforcement 
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Welding 

4 

Fuel Element 

The i n i t i a l  weldment involved tying the  f u e l  rods i n t o  the  assembly 

by joining the support caps t o  the  pressure tubes. To a t t a i n  proper 

f i t up ,  it w a s  necessary t o  pinch each tube t i g h t l y  t o  the  associated 

support cap with needle-nosed p l i e r s ,  taking care t o  favor a 1/64-in.-high 

pressure tube l i p  so  t h a t  any weld rol lover  would be directed inward. 

Each rod w a s  tacked twice while the  subassembly w a s  tabled (Figs. 28 

and 29) .  The 32 j o i n t s  were manually welded i n  the  f la t  posi t ion with 

the  s h e l l  subassembly strapped v e r t i c a l l y  against  a posi t ioner  face as 

shown i n  Figs.  30 and 31. 

reference UCN-1, Par t  C (see Appendix B).  

with a 1oX magnifying lens .  

12 tubes were marked and corrected with addi t ional  touch-up welding so  

t h a t  the diffusion crown bridged smoothly across both edges. 

Welds were made i n  accordance with standard 

All 32 j o i n t s  were examined 

No cracks or  undercuts were evidenced, but 

\ 

Upper Cover P la te  

Moderate tapping w a s  required t o  force the upper crossover l i n e r  

i n t o  the  compartment. The up2er p in  w a s  centered i n  an upright posi t ion 

after in se r t ing  the cover p la te .  The edge j o i n t  and the pin-to-plate 

j o i n t s  were welded i n  accordance with standard reference UCN-1, Par t  B, 

a f t e r  f lushing argon through the tube assembly f o r  2 hr .  

ments on the edge j o i n t  and the pin were not f i n i s h  ground inasmuch as 

a l l  blended smoothly i n t o  the base metal. 

Weld reinforce-  

Lower Cover P la t e  

The tube sheet subassembly was rotated 180" on the  f i x t u r e  f o r  

seal ing the 'two lower tube sheet cover p la tes .  

the  crossover l i n e r s ,  measurements were made of the extension of a l l  

coolant tubes off the tube sheet face; none .exceeded specif icat ions.  

Preliminary t o  in se r t ing  
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Fig. 29. 
Crossover Box. 
were as received. 

Tacked Pressure-Tube-to-Support C a p  Jo in t s  i n  the  Upper 
Fused-out sections on the support-cap r ing  inside surface 
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Fig. 
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31. Manual Edge Welding of Support Caps t o  Pressure Shell. 
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Figure 32 shows the  f i n a l  posi t ion of the coolant tubes p r i o r  t o  

in se r t ing  the  crossover l i n e r s .  One crossover l i n e r  dropped i n t o  posi t ion 

easily, but the second would not s l i p .  This interference was  corrected 

by reaming all tube holes i n  the  l a t t e r  crossover l i n e r  an addi t ional  

10 mils. 
through the  assembly f o r  2 hr. 

four  s ides  of both p la tes .  

cracked. 

l i p s  where the weld heat had been concentrated. 

the  o r ig ina l  1/4-in.-high l i p s  had been remachined on the lower tube 

sheets.  Burnthrough was  cut off by mil l ing the  tube sheet l i p s  down t o  

a 3/32-in. height, making the  j o i n t  geometry similar t o  t h a t  used on the 

upper tube sheet cover j o i n t .  All cracks w e r e  ground out. F ina l  cover- 

p l a t e  edge welds and plate-to-pin welds were dye-penetrant t e s t ed  and 

proved crack f r ee .  

reinforcement crowns of the p in  weldments were ground f lu sh  with the  

cover p l a t e s  t o  f a c i l i t a t e  subsequent posit ioning of the guide sleeve 

f ix tu re s  . 

Preparatory t o  welding the cover p la tes ,  argon was flushed 

Two weld tacks were made on each of the 

When inspected, fou r  tacks were found 

More important, burnthroughs were noted on the tube sheet w a l l  

It should be noted t h a t  

Figure 33 shows the  completed edge welds. The 

Fig.  32. 
Crossover Liners. 

Lower Tube Sheet Crossover Boxes Pr ior  t o  I n s t a l l a t i o n  of 
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I PH-65- I650 

Fig. 33 .  Lower  Tube Sheet with Cover P la tes  Welded and Assembly 
Guide Sleeve Attached. 

Lower Tube Sheet Components 

A special ly  fabr icated holding f i x t u r e  enabled the posi t ioning of 
the lower guide sleeve onto the  tube sheets.  The guide sleeve f i l l e t  

weld i s  shown i n  Fig. 33 .  A check showed that the  sleeve was  ax ia l ly  

s t r a igh t  but t h a t  it was  mispositioned 0.006 and 0.011 in .  from the  

tube center point on the  short  and long centers of t he  rectangular tube 

sheet, respectively.  

p rac t i ca l  tolerance.  

These deviations were considered t o  be within a 

Figure 34 shows the  lower tube sheet with the  assembly guide, guide 

spring, guide washer, and guide sleeve top attached. 

and welded i n  accordance with design specif icat ions except the assembly 

guide. Before making t h i s  attachment, it was necessary t o  build up the  

tube sheet corner edges t o  compensate f o r  metal cut away during 

burnthrough zone correction. 

A l l  were joined 
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Fig. 34. Completed Assembly of Seat Par ts .  Note t h a t  the o r ig ina l  
weld bead of the washer t i e  p in  extends pas t  the inside surface and onto 
the washer face where it would in t e r f e re  with a f l a t  sea t .  

Tube Sheet t o  Standpipe 
0 

Both completed subassemblies were integrated i n  a special ly  con- 

s t ruc ted  welding fixture f o r  f i n a l  joining. 

shown i n  Fig. 35 with the  welding completed.) 

provided two f ixed  anchor points  f o r  each subassembly t o  assure correct  

axial alignment. Two anchor clamps a t  the midsection, shown i n  Fig. 36, 

mate and lock the tube-sheet t r a n s i t i o n  j o i n t .  A f ixed  guide sleeve 

r ing  holder, which served t o  posi t ion the  bottom of the s h e l l  subassembly, 

i s  shown i n  Fig. 37. 
s l id ing  gear mechanism. 

f i t t e d  in to  the standpipes and trued the axial alignment. Wheels mounted 

onto the  long a x i s  of the frame f a c i l i t a t e d  posit ioning by the  welder 

f o r  f l a t  welding. 

(This complete f i x t u r e  i s  
This stiff-framed fixture 

Figure 38 shows the top standpipe anchor with i t s  

Close-f i t t ing post i n s e r t s  on t h i s  mechanism 

0 

. 
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Fig. 35. Overhead V i e w  of Fuel A s s e m b l y  Lying Loosely i n  the  Wheel- 
Mounted Welding Fixture,  Which Is Seated on a Travel Cart. 

The two subassemblies were pushed together i n  the welding f i x t u r e  

a f t e r  correct ing the  o r ig ina l  t ransi t ion-l iner- to-pressure tube i n t e r -  

ference by se lec t ive ly  enlarging a few l i n e r  holes. F ina l  upper tube- 

sheet- to- t ransi t ion welds a re  shown on Fig.  39. 

accordance with spec i f ica t ion  UCN-1, Par t  A. 

confirmed them t o  be free of indicat ions of defects  as did dye-penetrant 

t e s t s .  

s ide but were ground off the short  s ide f o r  meeting envelope dimensions. 

These were welded i n  

Radiographs of both welds 

Reinforcement crowns were l e f t  i n t a c t  on the edge of the  long 

/ 



Fig. 36. Fixture and Clamping Devices f o r  Anchoring the Pressure 
Shell  and Standpipe Subassemblies While Welding. 
weld has been completed and the uni t  has been shimmed t o  preclude tube- 
sheet deformation during leak-test  pressuring. 

I n  t h i s  view the joint  

Fig. 37. Lower Tube-Sheet.Gulu+Sleeve Holder Anchor on the Welding 
Fixture. 
sheet side walls from bulging while undergoing pressure tes t ing.  

Also shown i s  the clamping method used t o  prevent the lower-tube- 
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I 

Fig. 38. Sliding Gear Mechanism of the Welding Fixture for Anchoring 
the Standpipe Flanges. 

Fig. 39. Final Upper Tube-Sheet-to-Standpipe Weld Joints Showing 
Lower Anchor Support for Maintaining Dimensional Trueness. 
points to a shallow surface defect in the transition casting surface 
exposed by the dye developer just below the weld joint. 

The arrow 
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Inspection of Shell Assembly 

fi 
A liquid-penetrant test was conducted on the two original transition- 

to-standpipe extension welds since stress imposed by the final weld would 

be concentrated at this assemb?.y joint. 
\ 

One defect was found, as shown 

in Fig. 39. However, both this defect and the adjacent groove, which 

appeared to be an undercut, were adjudged below the true weld line. No 

serious flaw was visible on the radiographs of the joints. This was only 

a surface defect as proved by the subsequent leak check. 

Linear Measurements 

The distance between the standpipe flange faces and the lower tube- 

sheet face measured 16 ft 13/16 in., or 3/16 in. less than the 
16-ft 1-in. k 3/64-in. length required by drawing specifications. 

no measurement had been made of this dimension before cutting the fuel 

assembly, no exact figures can be assessed to the shortening effected in 

the rebuilding operation. It can be assumed, however, that as much as 

1/8 in. was lost by cutting back the transition casting to expose the 

transition liner for repair. 

the edge squaring operations and from weld contraction. 

the AEC, to install a 1/4-in.-thick washer-type spacer &to the existing 
guide washer. It was felt that the additional 1/16 in. 6f spacer thick- 
ness would be practical to compensate for metal contraction in the weld 
joints made below the lower tube sheet face. 

approved. 

weld, as shown on Fig. 40. Note that this washer provides a flat seat 
face for the fuel assembly in the reactor in contrast to the original 

guide sleeve washer (Fig. 34). 
original washer and would have prevented flat seating. 

Since 

Minor losses might also be expected from 

A recommendation was made to Combustion Engineering, Inc., through 

The 1/4-in. spacer was 

It was attached to the original guide washer with a peripheral 

The tie-pin-weld bead extended onto the 
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Fig. 40. Modified Assembly Seat with 1/4-in.-Thick Corrective 
Spacer Incorporated onto the Original Washer. 
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Pressure Test 

Preparatory to running the leak test, stress calculations were con- 
ducted of the tube sheets as a pressure vessel. These indicated that the 

thin-walled sides of the crossover compartments would be overstressed and 

would be permanently deformed unless reinforcements were supplied. 

Figures 36 and 37 show the clamping and shim components ultimately used 

on the upper and lower tube sheets, respectively. 
the unit was pressurized with helium to 300 psi and held at this pressure 
until all weld joints had been sniff tested. 

any rebuilt joints or original assembly welds. 

With these installed, 

No leaks were detected in 

Figure 41 shows the fuel assembly mounted on the shipping frame 
The ready for restrapping and insertion into the shipping cylinder. 

fuel assembly was rolled from the weld fixture onto the shipping frame 

to prevent bending. 
seal-welded around the unit before the tiedown straps were locked. 

sealed assembly was pushed into the shipping cylinder, where dry air was 

bled across the unit for 2 hr before closing the container end flanges. 

The assembly was enclosed in polyethylene, which was 

The 

Fig. 41. Unstrapped Fuel Assembly on Original Shipping Frame Ready 
for the Seal Welding of the Plastic Cover. 
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Welding and Dimensional Inspection 

All assembly- joints of the rebuilt fuel assembly were welded by a 
qualified welder, using a specially adapted weld specification, UCN-1 

(Appendix B),that was developed and tested for the job. 

qualification test records are attached in Appendix B, UCN-1. 
composition of filler metals used in making the weld joints was in accor- 

dance with ASTM 371-53T, Grade ER-347. Certificates of analyses are 
included in Appendix C - 7  including the one for the box cover plate base 
metal. 

The welder 

The 

All welding was witnessed by inspectors who gave preliminary approval 
to the joint setup and its cleanliness and to the purging systems employed. 

During weld progression, the inspectors approved each bead pass by 

appearance. Final welds passed the liquid-penetrant test. 

Inspectors' reports of each weld are shown in Appendix C-5. 
Radiographs were made to verify the soundness of the buttered weld exten- 

sions onto the, upper tube sheet inlet-outlet edges before consummating 

the cleanup welding. 

and the original transition standpipe extension joint were radiographed 

for weld approval. 

In addition, the final tube sheet transition joints 

All radiographed welds were accepted as defect-free. 
Necessary measurements were made while rebuilding the assembly to 

be sure that the dimensional tolerances were met. These were categorized 

into joint details and axial and exterior definitions. 

With regard to the.first, dimensions of machined parts and areas for 
agreement with design prints were checked; inspectors reconfirmed that 
the associated parts properly mated before approving the weld setup. 

parts and other joints were remachined to the drawing details. 
inspectors approved the final fitups of these accepted joints. 

All 

Welding 

r Special attention was given to the proper fitting of crossover liners. 

Preliminary measurements confirmed that the extension of the new coolant 

tubes from the lower tube sheet base were not excessive. In conformance 

with specifications, the crossover liner was not forced into the lower 

tube sheets. 

\ 

Axial trueness of the rebuilt assembly was obtained with the welding 

fixture. This unit was designed in strict accordance with drawing 

. 

.. . 
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I 

dimensions; measurements confirmed the accuracy of the  constructed f ix tu re  

anchor points.  

f irmly locked i n  the  weld f ix tu re .  

assembly had cooled t o  room temperature. 

Pr ior  t o  the  attachment welds, both subassemblies w e r e  

The clamps were released u n t i l  the  

Dimensional checks were made t o  confirm t h a t  the rebuilt assembly 

would f i t  i n t o  the  reactor  without interference.  

made using dimensions adopted f o r  the  o r ig ina l  f u e l  fabr icat ion,  

Appendix C-4. 

tube-sheet-to-transit ion jo in t ;  the weld reinforcement crowns along the 

short  edges of the  tube sheet were found excessive. 

by grinding the weld crowns f lu sh  with the  base metal. 

Leak Test 

Basic measurements were 

All measurements were within tolerance except a t  the upper 

These were corrected 

The rebuilt  f u e l  assembly w a s  subjected t o  a 300-psi helium leak tes t  

i n  accordance with the specif icat ions.  All r ebu i l t  weldments and the 

' or ig ina l  standpipe welds were probed, using a CEC Model 24-12OA mass 

spectrometer. 'All j o i n t s  were tes ted ,  and no leaks were observed. 

METALLOGRAPHIC EXAMINATION OF DEFECTS I N  THE WELD REGIONS 

During the  helium l e a k , t e s t i n g  of the replacement f u e l  rods, minute 

These defects ,  pinpointed with the aid of dye leaks were found i n  four.  

penetrants and addi t ional  helium leak t e s t ing ,  were found t o  be i n  the  

geAeral a rea  of the welds. 

tubing mater ia l  from two rods were subsequently submitted f o r  metallo- 

graphic examination. 

the  fuel-rod specimens a f e w  m i l s  away from the defect regions. 

sections were then successively reground and polished u n t i l  the  defects  

were located.  

End caps and a port ion of the associated 

Longitudinal sections were made through the ends of 

The 

Fuel Rod 0-40 

A leak w a s  detected i n  the  upper end cap of f u e l  rod 0-40 and appeared 

t o  be i n  the  immediate v i c in i ty  of the  weld. 

of polish,  a region w a s  located t h a t  contained an intergranular crack, 

By examining several  planes 

which extended through the l i p  of the end cap. This region i's shown i n  
Fig.  42 along with the same weld but 180" around the f u e l  rod. A s  shown 



I 



63 

i n  t h i s  f igure ,  the  crack i s  not i n  the weld metal but r a the r  along the 

terminus of the heat-affected zone, as indicated by grain growth i n  the  

end cap. 
revealed a second phase t h a t  followed the intergranular  crack, as shown i n  

Fig. 43.  Three addi t ional  observations worth noting were (1) the  crack i n  

the end cap occurred a t  the beginning and end of the weld, as evidenced by 

the  two d i s t i n c t  fusion l i n e s  i n  the weld m e t a l ;  (2) a lower melting 

a l loy  had apparently run out of the weld metal and collected i n  the gap 

between the end cap and cladding; and ( 3 )  the  defective region extended 

around the end cap l e s s  than 1 m i l  circumferentially,  as determined by 

metallography. 

Examination of the f a i l e d  region a t  a higher magnification 

^6962 -“B n 

. 

Fig. 43.  Appearance of the Fai led Region of the  End Cap Shown i n  
the Previous Figure but at a Higher Magnification. Etchant: copper 
regia .  

I -  
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Fuel Rod 0-28 

A defect w a s  located i n  the cladding-weldment in te r face  of the lower 

end cap of f u e l  rod 0-28 during nondestructive t e s t ing .  

machined off close t o  the weld i n  the hope of salvaging t h i s  f u e l  rod. 

Consequently, only a s m a l l  amount of cladding was  attached t o  the  end- 

cap weldment f o r  metallography. Examination of a longi tudinal  sect ion 

through t h i s  specimen disclosed a network of intergranular  cracks t h a t  

extended from the  inner  surface of the  cladding i n t o  the  weldment, as 

shown i n  Fig. 44. Also, a s m a l l  in tergranular  crack, found i n  the end- 

cap mater ia l  near t he  root  of the  weld, can be seen i n  t h i s  f igure .  

Similar t o  the defect ive region i n  f u e l  rod 0-28, a lower melting con- 

s t i t u e n t  apparently ran out of t he  weld m e t a l  and col lected a t  the 

claddinmnd-cap in te r face .  The cracks were located a t  the beginning 

The end cap w a s  

X 

3 

Fig. 44. Appearance of the  Defective Region i n  the Cladding and 
Weld Metal of t he  Lower End Cap of Fuel Rod 0-28. Etchant: copper regia .  

. 

. 
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and-end-of-pass region of the weld; two l i n e s  of fusion were seen i n  the 

weld metal. 

the  s ides  of the cracks. 

Close inspection revealed a second phase t h a t  followed along 

A new end cap was welded i n  place i n  f u e l  rod 0-28; however, it again 

f a i l e d  t o  pass inspection. 

few m i l s  of the weld metal. The defective region was located with the 

a i d  of a dye-penetrant t e s t ,  sectioned longitudinally near the defect,  

and examined metallographically. 

the  f i r s t  plane t h a t  contained any unusual fea tures  i s  shownin Fig. 45. 

We found i n  the  cladding a network of intergranular  cracks t h a t  apparently 

began a t  the inner surface and continued through the  w a l l  of the cladding. 

After l i g h t l y  etching the specimen, a wide grain boundary was  noted i n  

the  end cap mater ia l  near the weldments, as shown i n  the  following figure. 

A leak  was detected i n  the cladding within a 

Several planes of po l i sh  were examined; 

Fig. 45. Appearance of a Longitudinal Section Through the DeJ 
Note the network of intergranular  cracks 

Etched l igh t :  
Region of Fuel Rod 0-28. 
cladding and the wide grain boundary i n  the end cap. 
aqua regia .  
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Also, a low-melting const i tuent  from the weld metal was  found along the 

end-capcladding in te r face .  

po l i sh  approximately 1 m i l  below the one described above a re  shown i n  

Fig.  46. 

cap mater ia l  as well as the cladding. 

i n  the weld metal confirmed t h a t  the  cracks occurred i n  the  beginning- 

and-end-of-pass region. 

magnification revealed the low-melting a l loy  from t h e  weldment apparently 

ran down the  cladding-end-cap in te r face  and wetted a few grain boundaries. 

The low-melting a l loy  then apparently penetrated the cladding and end- 

cap mater ia l  along grain boundaries, r e su l t i ng  i n  a hot-short condition 

that caused cracks i n  the cladding and end cap. 

these grain-boundary 

i n  Fig.  47. 

showed no unusual microstructural  fea tures  except t h a t  a small amount of 

The r e s u l t s  of the examination of a plane of 

This plane of po l i sh  revealed intergranular  cracks i n  the  end- 

The presence of two fusion l i n e s  

Examination of the  defect  region a t  a higher 

1 

An area showing some of 
11 r ive r s "  and associated intergranular  cracks i s  shown 

Examination of the same weld, but 180" around the  end cap, 

Fig. 46. Intergranular  Cracks i n  Cladding and End Cap Approximately 
1 m i l  Below the  Plane Shown i n  Fig. 45. Etchant: copper regia .  
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Fig. 47. Intergranular  Cracks and Second-Phase ' 8 i v e r s " i n  the 
Cladding. Etchant: copper regia .  

mater ia l  from the  weld metal had collected i n  t he  space between the 

cladding and end cap. This specimen was  submitted f o r  e lectron micro- 

probe analysis;  the r e s u l t s  a re  discussed i n  Appendix E. 

General C m e n t s  

The cause of the weld cracking problem w a s  not completely resolved. 

However, several  i n t e re s t ing  f a c t s  were noted; t h a t  i s ,  a high phosphorous 

content, much greater  than t h a t  found i n  the as-received material, was 
associated with the cracked regions. Also, t h i s , c r a c k  always occurred a t  

the  beginning-and-end-of -pass region (weld overlap area) , suggesting a 

possible concentration of phosphorous during welding. 

problem i s  associated with a complex in te rac t ion  of mater ia l  composition, 

weld j o i n t  design, and welding procedure. 

It appears t h a t  the 
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SUMMARY 

BONUS superheater f u e l  assembly No. 29 was successfully r e b u i l t  a t  

The Oak Ridge and has been shipped t o  the  reactor  s i te  i n  Puerto Rico. 

design of the f u e l  rods was  changed somewhat from t h a t  of the  or ig ina l  

reactor  loading t o  make them more eas i ly  fabr icable  and more r e l i ab le  

i n  operation. The socket-type end-closure welds were replaced by edge 

welds and the vent-hole plug welds were eliminated. 

with a 1/4-hard temper w a s  subst i tuted f o r  annealed tubing i n  order t o  

prevent germinative grain growth, and the brazing cycle w a s  shortened. 

, 

Inconel 600 tubing 

L 

The ac tua l  fabr ica t ion  processes were conducted with no undue d i f -  

f i c u l t i e s  except t h a t  a weld-cracking problem w a s  encountered i n  four  

f u e l  rods. Thirty-two rods were successfully made and incorporated in to  

the  f u e l  subassembly. The standpipe and s h e l l  sections were then completed 

and the  f inished un i t  readi ly  m e t  the required 300-psi helium leak t e s t .  

Although s tudies  are currently continuing t o  determine the  cause, 

the reason f o r  t he  cracking problem has not been resolved completely. 

However, we found an abnormally high phosphorous content i n  the cracked 

. 

regions. 
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spec: NRS-12 
Date: May 18, 1965 

NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee 

Rev: NO: Rev. 0 
Page: 1 of- 8 

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS 
-_ 

I. SCOPE: 

This spec i f ica t ion  defines 3.25 enriched f u e l  p e l l e t s  made of uranium dioxide, 
approximately 0.50 OD, 1/2 t o  one inch long f o r  use i n  BONUS Super Heater Fuel 
Elements . 

11. MATERIALS: 

The Company s h a l l  supply t o  the  S e l l e r  t he  uranium hexafluoride t o  complete the  
f u l l  core loading plus a 25$ surplus.  

The S e l l e r  s h a l l  pay f o r  all uranium metal losses .  

The S e l l e r  s h a l l  pay the  cost  of reprocessing a l l  scrap mater ia l  t o  UF6. 
cost  s h a l l  also include t h e  cost  of t ransportat ion.  

The uranium hexafluoride will be enriched t o  the  specif ied 3.25 by weight i n  235U. 
The S e l l e r ' s  conversion and fabr ica t ion  processes s h a l l  be such t h a t  the  isotopic  
composition of t he  f in i shed  uranium dioxide f u e l  p e l l e t s  s h a l l  not d l f f e r  from 
t h a t  of the uranium hexafluoride by more than .O5$ of t h e  contained amoufi%. 

. 

Example: 

This 

If the  UF i s  enriched t o  3.254&, then the  isotopic  analysis  may vary from 6 3.20 t o  3.30. 

111. REFEFENCES: 

B-48864, " U O ~  Pe l l e t  I t .  

TID-7015, Section I, "ORXL Master Analytical  Menualtt* 

Analytical  Chemistry, 32, 610 (1960), "Determination' of O/U Ratio i n  U02", 
H. Kubota. 

* 
This document is  evai lablo from t h e  Offices of Technical Services, Departmefit 

of Cormerce: Washingbn 25, D.. C.  
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spec: NRs-12 
Date: Msy 18, 1g65 
Rev.  NO: Rev. 0 
Page: 2 of 8 

NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee 

Subject: SPECDICATION FOR URANIUM DIOXIDE PELIXTS - 

IV. lUNUFACTURING FEQUIFEMENTS: 

The uranium dioxide p e l l e t s  s h a l l  be manufactured from v i r g i n  powder i n  accordance 
with Dwg. B-48864, "UO Pe l le t" ,  and with t h i s  spec i f ica t ion .  Oxidized and re-  
duced used scrap s h a l l s e  iden t i f i ed  a s  spec ia l  blend batches. A complete h is tory  
of t h e  scrap material  and process s h a l l  be maintained. 
apply t o  v i rg in  powders s h a l l  a l so  apply t o  spec ia l  blend batches. 

Acceptance tests which 

V. CHEMICAL COMPOSITION: 

The f in i shed  f u e l  p e l l e t s  s h a l l  conform 

Total  Uranium 
Carbon 
Nitrogen 
Iron 
Halides 
Fluoride' 
Calcium, Si l icon,  

& Alwninun? 

t o  t h e  following chemical ana lys i s :  

Not less than 88.0 w t  
500 PPm (ma4 
100 ppm (max) 
100 ppm (max) 
100 ppm (max) 

25 PPm (max> ' 

Sum shall not exceed 300 ppm 
. 

The sum of t h e  following impurit ies s h a l l  not exceed the  equivalent thermal--- Teutron 
capture cross sec t ion  of 20 ppm of boron: 

A coef f ic ien t  of 
a s  follows: 

CBE' = 

Boron Gzdolinium 
Cadmium Europium 
S i l v e r  Samarium 

boron equivalent (CBE) may be calculated f o r  t h e  above elemen5 

(atomic weight boron) x (ua impurity) 

(atomic weight impurity) x (ua  boron) 

is  defined as': Themal-neutron absorption cross  sect ion.  'a 

The following l ist  contains boron equivalent coef f ic ien ts  f o r  t h e  high cross- 
sect ion impurit ies l i s t e d  above: 

Boron 1.0 Gadolinim 4.1-91 
S i lve r  8.9 x Eurpoium 0.434 
CadmLum 0.325 Samarium 0.524 

4 



81 

. 

NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

spec: NRS-12 
Date: May 18, 1965 
Rev. NO: Rev. 0 

Union Carbide Corporation Page: 3 of 8 
Oak Ridge, Tennessee 

SPECIFICATION FOR uRANIl.84 DIOXIDE PELLETS Subject: 

V I .  

V I 1  . 

V I 1 1  . 
c 

IX . 

The oxygei-to-uranium r a t i o  of t he  f inished f u e l  p e l l e t s  s h a l l  be within the  range 
2.00 t o  2.01. 

DENSITY: 

The bulk density of t he  f u e l  p e l l e t  s h a l l  be 94-97$ of t heo re t i ca l  density f o r  
uranium dioxide bodies. Consider t heo re t i ca l  density t o  be 10.96 g/cm3, 

DIMENSIONAL : 

The f u e l  p e l l e t  s h a l l  conform t o  the  dimensional tolerances given on Dwg. 48864. 

DRYNESS : 

The f inished p e l l e t s  s h a l l  be s u f f i c i e n t l y  dry so t h a t ,  when run i n  a CEC No. 29- 
32l.A so l id s  moisture analyzer or equal a t  300°C f o r  one hour, t he  weight loss  s h a l l  
not exceed 10 ppm. 

SURFACE FINISH AND CONDITION: 

A. 

B. 

Chipping 

Chipping on the  outs ide cy l indr ica l  surface s h a l l  not exceed 10% of the  out- 
s ide  cy l indr ica l  surface area.  Chipping on each end of the p e l l e t  s h a l l  r o t  
exceed 25% of the  surface area of one end of t h e  p e l l e t .  
g rea t e r  than 1/16-in. i n  l a t e r i a l  dimension nor g rea t e r  than l /32-in.  i n  dep%h. 
The vendor may submit a v isua l  standard f o r  chipped p e l l e t s  f o r  t he  Ccmpasy's 
approval t o  expedite v i sua l  inspection. 
t he  above s h a l l  be scrapped. 

N o  chip shal l  be 

P e l l e t s  t h a t  a r e  defective based oc 

Cracks 

Radial cracks exceeding 25% of the  diameter s h a l l  be cause f o r  re jec t ion .  
Radial cracks a r e  defined a s  cracks observed a t  t he  end or ends of the p e l l e t  
which a r e  approximately i n  a r ad ia l  d i rec t ion .  

Circumferential cracks s h a l l  be cause f o r  re jec t ion  i f  the  crack i s  continuous 
over an a rc  of 45 deg or more. A c i rc -mferent ia l  crzck is defined a s  a crack 
observed a t  the end of the  p e l l e t  o r  on the  circumferential  surface and which 
runs approximately p a r a l l e l  t o  t he  circumference or perpendicular t o  a r ad ia l  
d i rec t ion .  A circumferential  crack of 180 deg s h a l l  be alloiled provided no 
more than one crack per  p e l l e t  e x i s t s  and t h a t  t h i s  crack is  located ii t he  
center  one t h i r d  of t he  p e l l e t .  
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spec: m - 1 2  
Date: May 18, 1965 

Page: 4 of 8 

NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAl\rlICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee 

SPECIFICATION FOR URANIUM DIOXIDE PELLETS 

Rev. NO: Rev. 0 

- - 

- Subject: 

C. Sponginess o r  Microcrackiq 

Excessive sponginess o r  microcracking, a s  i l l u s t r a t e d  i n  Fig. 1, s h a l l  be cause 
f o r  re jec t ion .  

X. ACCEPTANCE TESTS: 

A. Nondestructive 

1. 

2. 

3. 

4. 

V i s u a l .  - The f u e l  p e l l e t s  s h a l l  be subjected t o  100$ v i sua l  inspection 
t o  assure conformznce with Section I X  of t h i s  spec i f ica t ion .  The inspectioi 
s h a l l  be performed under d i r e c t  daylight f luorescent i l luminat ion of a t  
least 100 footcandles.  

Dimensional. - One percent of each day 's  production of p e l l e t s ,  randomly . 
selected,  s h a l l  be dimensionally inspected t o  assure conformance t o  
Section V I 1  of t h i s  spec i f ica t ion .  
dimensional tolerances,  t he  e n t i r e  day's production s h a l l  be 100% 
dimensionally inspected. 

If any of these p e l l e t s  do not meet 
\ 

Density. - One p e l l e t  from each boat of p e l l e t s  (about 1$), selected 
randomly, s h a l l  be measured and weighed t o  determine bL;Lk density.  
of these  p e l l e t s  do not meet t h e  densi ty  as spec i f ieg  i n  SecSon VI cf 
th i s  spec i f ica t ion ,  every p e l l e t  from t h a t  boat load shall be subjected 
t o  densi ty  determination and s h a l l  be accepted o r  re jec ted  accordingly. 

If a ry  

Dryness. - One percent of the  f in i shed  p e l l e t s  shall be se lec ted  rasdoniy 
f o r  dryness t e s t s  p r i o r  t o  packaging. 
heating the  p e l l e t s  t o  300°C f o r  one hour i n  a CEC No. 26-32lA Solids  
Moisture Analyzer or equal. 

The dryness test  s h a l l  cons is t  of' 

If t h e  weight. loss f o r  each group of p e l l e t s  from one dryness t e s t i x  
oven l o t  does not exceed 10 ppm, a l l  p e l l e t s  represented by t.har dryress 
t e s t i n g  oven l o t  s h a l l  be accepted. If t h e  weight loss of any of t h e  
weighing groups i n  a dryness t e s t i n g  oven lot. is  g rea t e r  than 10 ppm, 
the  p e l l e t s  represented by t h a t  dryrless t e s t i n g  oven l o t  s h a l l  be rejected 
unless t h e  S e l l e r  i s  able t o  demonstrate a 95-95$ cozlfidence l e v e l  that. 
t he  p e l l e t s  meet t he  dryness requirements i n  Section Vi11 of t h i s  speci-  
f i ca t ion .  
ing sufficien-b addi t iona l  dryness t e s t s .  

The S e l l e r  s h a l l  demonstrate t h i s  confidence l e v e l  by corduct.- 

* 
A boat load i s  t h a t  quant i ty  of p e l l e t s  i n  the  s in t e r ing  zone of the  furnace , 

a t  one time. 

_ _ _ _ _ ~  
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NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee  

spec: NRS-12 
Date: May 18, 1965 

~ 

Rev. NO: Rev. O 
Page: 5 of 8 

~ 

Subject: SPECIFICATION FOR URANIUM DIOXIDE P E U T S  

. 

. 

Fig. B-1. Photograp 
Sponginess and Microcrack 
The p e l l e t  on the r igh t  i 
i n  the center i s  borderl i  
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NRS-12 , NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 

spec: 
Date: May 18, 1965 __ 
R e v .  No:Rev. 0 
Page: 6 of 8 

Oak Ridge, Tennessee I 

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS 

B. Destructive 

1. Oxygen-to-Uranium Ratio, Total  Uranium, Carbon, and Nitrogen 

a. Sanpling: Two p e l l e t s  s h a l l  be selected randomly from each of the 
first 10 boat loads f o r  determination f o r  oxygen-to-uranium ra t io ,  
t o t a l  uranium, f luor ide ,  carbon, and nitrogen. A t  l e a s t  one 
analysis  s h a l l  be performed on each of t he  two p e l l e t s .  

If the  above sampling shows t h a t  t he  p e l l e t s  meet t he  specif icat ion,  
t he  sampling s h a l l  be reduced so t h a t  t h ree  p e l l e t s  s h a l l  be taken 
from each blending batch.* 
beginning, middle, and end of each blending batch. 
from each of these p e l l e t s  s h a l l  be sent  t o  t h e  Company f o r  t e s t ing .  
If any of t he  three  p e l l e t s  from each blending batch f a i l  t o  meet 
t he  specif icat ion,  sampling s h a l l  rever t  t o  the  o r ig ina l  cycle ( i . e . ,  
10 consecutive furnace l o t s  s h a l l  be sampled). 

One p e l l e t  each s h a l l  be taken Trom t h e  
Duplicate samples 

c 

b. Method of Analysis: The oxygen-to-uranium r a t i o  s h a l l  be determined 
by the  polargraphic method ref.erenced i n  Section I11 of t h i s  spec i f i -  
cat ion or by an approved a l t e r n a t e  method. 

Total  uranium s h a l l  be determined by the  potentiometric or volumetric 
methods according t o  procedures recommended by t h e  Compazy+* or by an 
approved a l t e rna te  method. 

c.  Qual i f icat ion of S e l l e r ' s  Analytical  Procedure: Standard samples will 
be furnished t o  the S e l l e r  by the  Company f o r  qua l i f i ca t ion .o f  the  
S e l l e r ' s  ana ly t i ca l  procedure. 
pressing of t he  p e l l e t s .  

Th i s  qua l i f ica t ion  s h a l l  be prerequis i te  

* 
A blending batch i s  defined a s  t h a t  quant i ty  of uranium dioxide powder t h a t  is  

blended together so t h a t  t he  chemical and isotopic  compositions may be assumed 
t o  be newly  identical-. 

I 

** 
Three su i tab le  methods f o r  t he  determination of t h e  uranium content of uranium 

dioxide a re  found i n  the  ORNL Maste'r Analytical  Manual, published a s  TID-7015, 
SecLion I. The methods a r e :  

No. 900719270, Uranium, Vchurnetric Zinc Amalgam-Potassium Dichromate Method 
No. 900719222, Uranium, Potentiometric Fer r ic  Sul fa te  Method . 

No. 90071922!4, Uranium, Automatic Potentiometric Fe r r i c  Sulfate  Method 
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Rev. NoAev. 0 
Page: 7 of 8 

NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee 

, 

_- Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS 

d. Acceptance or re jec t ion :  If the  oxygen-to-uranium r a t i o  and t o t a l  
uranium content do not meet the  requirements spec i f ied  i n  Section V 
of t h i s  specif icat ion,  t he  e n t i r e  blending batch of s in te red  p e l l e t s  
s h a l l  be re jec ted  unless the  S e l l e r  performs addi t ional  analyses 
su f f i c i en t  t o  assure a 95-95$ confidence l e v e l  t h a t  t he  p e l l e t s  a r e  
w i t h i n  t h e  l i m i t s  specif ied.  

2. Isotopic  and Impurity Analysis 

a. Sampling: One f inished p e l l e t  representing each blending batch of 
uranium dioxide powder s h a l l  be selected randomly f o r  isotopic  
analysis  . 
The S e l l e r  s h a l l  perform impurity analyses on one f inished p e l l e t  
selected randomly from each blending batch of uranium dioxide powder. 

An a l t e r n a t e  sampling plan may be used i n  which 5$ of the  product w i l l  
be selected f o r  destruct ive t e s t ing .  
be se lec ted  so t h a t  an equal m b e r  of t e s t  specimens is selected from 
each blending batch. 

The product t o  be t e s t ed  s h a l l  

X I .  

X I 1  . 

b. Acceptance o r  Rejection: If t h e  isotopic  and impurity analyses do not 
conform t o  t h e  limits specif ied i n  Sections I1 and V, respectively,  of 
t h i s  specificakion, a l l  the  p e l l e t s  fabr icated from t h a t  e n t i r e  batch 
of powder s h a l l  be rejected unless t he  S e l l e r  performs addi t ional  
analyses .suff ic ient  t o  assure a 95-955 confidence l e v e l  t h a t  t he  
p e l l e t s  a r e  within the l i m i t s  specif ied.  

INSPECTION : 

The S e l l e r  s h a l l  no t i fy  t h e  Company f i v e  (5)  days i n  advance of date  s e t  f o r  
production t e s t i n g  i n  order  t h a t  t h e  Company's inspector may be present t o  
wi tness  t e s t ing .  

TEST REPORTS:. 

Four c e r t i f i e d  copies of the  t e s t s  and ana ly t i ca l  reports  of t he  requirements i n  
Section X of t h i s  specifica<;ion p r i o r  t o  shipment a r e  required. 

I 
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NUCLEAR REACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Corporation 
Oak Ridge, Tennessee 

Rev.  No: Rev. 0 

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS / 

The S e l l e r  shall  be responsible f o r  maintaining a complete record of a l l  mater ia ls  
and process treatments which were' used t o  f ab r i ca t e  these p e l l e t s .  
mation is t o  include such a s  t h e  following: 

This infor-  

1. Virgin powder surface area 

2. 

3.  Pres in te r  temperature, gas, time, cooling and heating rate 

Q p e  and amount of binder and lubr icant  

-4.  press  pressure 

5 .  Sin te r  temperature, gas, t i m e ,  heating and cooling 

6. Grinding coolant 

Four copies of these mater ia l  and process treatments used f o r  each batch of 
mater ia l  w i l l  be sen t  t o  t h e  Company upon completion of the  order, provided such 
information is not considered proprietary.  

The S e l l e r  w i l l  supply four  copies of a c e r t i f i c a t i o n  of compliance t h a t  a l l  t h e  
requirements of NFS-12 have been met. 

311. PACKING AND SHIPPING: 

The S e l l e r  w i l l  be responsible f o r  shipment of t h e  p e l l e t s .  
a l l  necessary appl'oval f o r  shipment. 
i den t i f i ed  according t o  blending batch. 

The S e l l e r  w i l l  g e t  
All p e l l e t s  i n  each shipment w i l l  be 

. 
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PU'UCLEAR mACTOR SPECIFICATION 
METALS AND (TERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Spec : m-13 

Page : 1 of 7 

Date : June 1, 1965 
Rev. No: 

Subdect: SPECIF'ICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT 

I. 

11. 

111. 

SCOPE : 

This specification defines seamless, cold-drawn nickel-chromium iron 
tubing w i t h  an inside diameter of 0.5035 in. and a w a l l  thickness of 
0.018 i n .  
in the  annealed state except as spec i f ica l ly  modified i n  t h i s  specif i -  
cat ion. 

AlJ. requirements of AS'IM Designation: B 163-64T s h a l l  apply 
. 

MANUFACTURING REQUImNTS : 

Tubes s h a l l  be manufactured i n  conformance w i t h  Dwg. AM-856X)-QJ 
and with t h i s  specification. 

Tubes s h a l l  be extruded or  pierced, hot-rolled and cold-drawn, o r  
reduced t o  s ize .  

REFERFNCES : 

AS'IM Designation: B 163 - 6 4 ~ ,  "Specifications f o r  Seamless Nickel 
and Nickel Alloy Condenser and Heat Exchanger Tubes". 

MET-NDT-4, Rev. 3 J "Tentative Methods f o r  Liquid Penetrant Inspection". 

AISI, September 1957, "Steel Tubular Products". 

ASTM Designation: E 112 - 63, "Standard Method for Estimating the 
Average Grain Size of Metals". 

Iv. c m r c u  COMPOSITION : 

Chemical composition of a l l  tubing s h a l l  conform t o  Table 1, "Chemical 
Composition, I' of ASD4 B 163 - 6 1 ~ ,  Nickel-Chromium-Iron-Alloy, with 
t h e  following modifications: 

Nickel, minimw percent 72.0 
Cobalt, maximum percent 0.10 
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NUCLEAR REACTOR SPECPICATION 
METALS AND CERAIVICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Spec : NRS-13 
Date: June 1, 1965 
Rev. No: 
Page : 2 of 7 

Subject : SPECIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT - - 
V. PHYSICAL PROPERTIES: 

The tubing s h a l l  be furnished i n  the hardness range as given below: 

Hardness 

Annealed 
118 

112 
' 114 

$ Cold Work 
Less than 10 

10-15 
15-20 
2Cb25 

Samples representing the finished cold worked tubing s h a l l  be 
annealed and t e s t ed  i n  accordance with mechanical properties,  hardness 
t e s t ,  f l a r e  t e s t  given i n  AS'SM B 163 - 6 4 ~ .  
t e s t ed  as  given above without fur ther  heat treatment. 
coEform t o  ASTM B 163 - 6 4 ~  when i n  the  annealed s t a t e .  

Annealed tubing s h a l l  be 
The tubing s h a l l  

For the  s e l l e r s  information, t h i s  tubing s h a l l  be subjected t o  a high 
temperature brazing (about 10 min a t  1850 '~)  operation and it is  
desired tha t  the  grain s i ze  be No. 5 or  f i n e r  as defined i n  AS"X E 112-63, 
while at  the  same time keeping the dimensional d i s tor ta t ion  t o  a minimum. 

V I .  DDENSIONS AND TOLERANCES: 

A. 

B. 

-C.  

D. 

E. 

The inside diameter s h a l l  be .5O3 t o  ,504. "Inside Diameter" here 
does not mean "average inside diameter", but r e fe r s  t o  actual  dia- 
meter a t  any given plan normal t o  the axial center l i n e .  

The wall  thickness sha l l  be 0.018 in .  ?. 0.001. "Wall Thickness" 
does not mean "average wall thickness", but re fers  t o  w a l l  thick- 
ness in any plane normal t o  the  ax ia l  center l i ne .  
tolerance measurements s h a l l  be made a f t e r  t he  hydrostatic t e s t  
is performed. 

A l l  dimensional 

The tubing s h a l l  be furnished i n  accordance wikh Dwg. ~ - 8 5 6 2 0 - ~ 2 .  

Corners formed by ends of tubing and longitudinal surfaces s h a l l  
be square and deburred with a maximum chamfer of 0.095 in .  

The tubing s h a l l  be s t r a igh t  within 0.060 in .  per e n t i r e  f't length 
as s t a t ed  i n  AISI, September 1957, "Steql !Fubular.Products" and 
shall be s t r a igh t  within ,005 over any 12 inch sect ion as measured- 
by a s t r a igh t  edge. 
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NUCLEAR REACTOR SPECIFICATION 
MEZAG3 AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Spec : MIS-13 
Date: June 1, 1965 
Rev. No: - 
Page : 3 of 7 

~~~~ 

SPECIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER E W N T  

V I I .  SURFACE FINISH AND CONDITION: 

The tubing s h a l l  have a br ight  surface f i n i s h  on the  inside surfaces 
and s h a l l  be f r e e  of scale  and oxide film o r  other foreign materials 
as determined by v isua l  inspection. The outside surface s h a l l  be 
polished using a b e l t  of 320 g r i t  o r  f i ne r .  Tubing s h a l l  be furnished 
f r e e  of seams, cracks, laps,  and intergranular  a t tack .  A l l  inclusions,  
p i t s ,  gouge marks, and score marks in excess of lG$ of t h e  w a l l  th ick-  
ness s h a l l  be cause f o r  re ject ion.  

nrx.  ACCEPTANCE TESTS: 

A. Nondestructive 

1. Liquid Penetrant. - A lOO$ l iquid-penetrant inspection s h a l l  be 
performed by the  S e l l e r  on the e n t i r e  outside diameter-surface 
of the  f in i shed  tubes i n  accordance with MET-NDT-4 Rex. 3, 
"Tentative Methods f o r  Liquid Penetrant Inspection". 

2. Ultrasonic. - Ultrasonic inspection s h a l l  be performed on a l l  
tubes.  

8. Technical requirements: The tubing s h a l l  be inspected a t  
the  completion of t he  manufacturing process. No drawing 
operation s h a l l  be accomplished after t h e  ul t rasonic  in- 
spection. 

b. Inspection equipment: "he instruments and accessory equip- 
ment s h a l l  be of t he  pulse-ref lect ion type with su f f i c i en t  
s e n s i t i v i t y  t o  dis t inguish t h e  reference notches 86 re- 
quired during ca l ibra t ion .  

'Phe transducer employed s h a l l  have no dimension g rea t e r  than 
1-in. 
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_ N U C U A R  REACTOR SPECIFICATION Spec : ms-13 
METALS AND CERAMICS DIVISION Date : June 1, 1965 
OAK RIDGE NATIONAL LABORATORY Rev. No: 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

4 Page : of 7 

- ~- - 

SubJect: SPECIFICATION FOR FUEL T'JBING FOR BONUS SUPER HEATER ELEMENT -- 
-72 

VIII. ACCEPTANCE TESTS: (Cont Id) 

C .  Calibration standards: A ca l ibra t ion  standard s h a l l  be 
prepared f r a  tubing taken from the  same heat  and manu- 
factured by the  same processes as t h e  tubing t o  be inspected 
and s h a l l  be f r e e  of defects; the  tubing used f o r  t he  C a l i -  
b ra t ion  standard s h a l l  be t h e  same s i ze  as t h e  tubing t o  be 
inspected and s h a l l  be i n  the  as-polished condition. 
longi tudinal  reference notch, 1/4-in. long and with a 
maximum depth of 0.0025 in., ( t he  depth s h a l l  icclude the  
highest  point of the metal due t o  upset, although "Ceburring" 
is permitted) s h a l l  be machined on the  outside and inside I 

surfaces of the  standard. 
electric-arc-discharge method. If' both reference notches 
are on the  same end of t he  standard, they s h a l l  be a t  least 
120' apart .  
s h a l l  not exceed 60". 

A 

The notch may be made by t h e  

The included angle of the  reference notch 

d. Equ5pent ca l ibra t ion :  Using t h e  ca l ibra t ion  standard 
spec i f ied  i n  Section VIII-A-2-c, t h e  equipment s h a l l  be 
adjusted t o  produce indications as nearly as possible the 
same height from both the inslde and outside reference 
notches. The reject ion alarm s h a l l  be adjusted t o  s igna l  
a t  the  indicat ion.of  t he  l e s s e r  amplitude. 

The equipaent s h a l l  be ca l ibra ted  a t  the  same circumferential  
speed and r a t e  of t r ans l a t ion  (feed hel ix)  which w i l l  be 
used-for  the  inspection of the  tube. 

The r e l a t i v e  t r ans l a t ion  (feed he l ix)  of the  c r y s t a l  with 
respect t o  the  tube s h a l l  be the  l e s s e r  of 3/8 in./revolution 
o r  one half  t he  c rys t a l  o r  coll imator wldth o r  diameter. 

e. Inspection procedure: The material s h a l l  be t e s t e d  f o r  
r ad ia l  defects  i n  both circumferential d i rec t ions  under 
conditions which are 'used f o r  ca l ibra t ion  of t he  equipnent. 

The equipment s h a l l  be recal ibrated as spec i f ied  i n  Sect,ion 
VIII-A-2-d a f t e r  t h e  inspection of ten lengths of tubing or 
when any adjustment t o  the  equipmect i s  made. 

When s igni f icant  adjustment of t he  equipment is  required 
during the  ca l ibra t ion  check (any time t h e  ins ide  and out- 
s ide  reference notches do not preseot a r e j ec t ab le  s igna l ) ,  
t he  preceding t e n  tubes shall be completely reinspected. 
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NUCLEAR mACTOR SPECIFICATION Spec : NRS-13 
METALS AND CERAMICS DIVISION - Date: June I, 1965 
OAK RIDGE NATIONAL LABORATORY Rev. No: 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Page: 5 of 7 

Subject: SPJ3CIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT 

VIII. ACCEPTANCE TESTS: (Contfd) 

f. Defects and re jec t ion :  All indicat ions of d iscont inui t ies  
equal t o  or  grea te r  than the  l e s s e r  indicat ion of t h e  
reference notches as described i n  Section V I I I - A - 2 l - d  s h a l l  
be considered as defects  and s h a l l  be rejected.  If the  
defect i s  reworkable, it may be removed and reinspected 
ul t rasonical ly .  Reworked mater ia l  s h a l l  conform t o  t h e  
dimensional requirements of t h i s  specif icat ion.  

3. w dros t a t i c  Test. - Each tube shall be t e s t ed  by t h e  Hydrostatic 
Tes t  given i n  ASTM B 163 - 6 4 ~ .  

4. Dimensional Inspection. - 
a. Mechanical measurements of the w a l l  thickness sha l l  be made 

a t  90" in te rva ls  o r  less on each end of each tube ( cu t  t o  
length) t o  determine compliance with Section VI-B of t h i s  
specif icat ion.  
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NUCLEAR MACTOR SPECIFICATION 
METALS AND CERAMICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Spec : NRS-13 
Date : June 1, 1965 
Rev. No: 
Page: - 6 f  7 

Subject: SPECIFICA!I'ION FOR FUEL TUBING FOR EONUS SUPER HEATER EI;EMENT 

VIII. ACCEFTANCE TESTS : (Cont 'd) 

. b. 

C .  

d. 

Each f in i shed  tube s h a l l  be subjected t o  an air-gage 
inspection of t h e  inside diameter along the  e n t i r e  length 
t o  determine compliance with Section VI-A of t h i s  spec i f i -  
cat ion.  Diametrical measurements s h a l l  be made a t  in t e rva l s  
of approximately 90 deg. 

A random 20$ sample of t he  tubes i n  f in i sh ,  4 condition and 
cu t  t o  length s h a l l  be subjected t o  an ultrasonic-resonance 
inspection f o r  wall-thickness determination. The accuracy 
of t h e  test equipment fo r  use i n  t h i s  measurement shall be 
establ ished by taking readings a t  a point near t he  end of 
one o r  more tubes and checking by measurement with a micro- 
meter. 
A continuous h e l i c a l  span s h a l l  be accomplished on the  in- 
spected tubing with a p i t ch  not t o  exceed 1 in ,  An accept- 
able  alternate w i l l  be circumferential  scans on 1-in.  centers.  
If one o r  more tubes of the  20$ sampling a re  determined not 
t o  meet t h e  dimensional requirements as s t a t e d  i n  t h i s  
specif icat ion,  an addi t ional  sampling s h a l l  be examined 
i n  the  same manner. A re jec t ion  r a t e  of lO$ o r  more of t h e  
tubes s h a l l  be came f o r  loo$ inkpection of t he  e n t i r e  l o t .  

Tubes not subjected t o  ul t rasonic  resonance tests f o r  w a l l  
thickness by t h e  S e l l e r  a r e  subject t o  such t e s t s  by the 
Company. 
by t h e  Company show that the  w a l l  thickness does not conform 
t o  the dimensional requirements of t h i s  spec i f ica t ion .  

The S e l l e r  shall pe*onn inspection on each tube f o r  length, 
end squareness, and s t ra ightness  t o  determine complicince with 
Sections VI-C, VI-D, and VI-E, respectively,  of t h i s  spec i f i -  
cat ion. 

The tubes are subject t o  re jec t ion  i f  the  tests 

5 .  V i s u a l .  - Each tube s h a l l  be v i sua l ly  inspected under d i r e c t  
daylight f luorescent  l i gh t ing  of a t  least 100 footcandles t o  
ensure conformance t o  Section V I 1  o f - t h i s  spec i f ica t ion .  

B. Destructive 

1. Metdlogrephic examination et lOOX of one sec t ion  of tubing 
se lec ted  a t  random froan each l o t  s h a l l  be prepared t o  determine 
complaj-nce with Section V of t h i s  specif icat ion.  

. 
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NUCLEAR REACTOR SPECIFICATION Spec : NRS-13 
MGTALS AND CERAMICS DIVISION Date : June 1, 1965 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Rev. No:  -- - 
Page: 7 of 7 

~ ~ _ _  

SubJect: SPEClFICA!TION FOR FUEL TUBING FOR BONUS SUPER HEATER ELZNENT 

VIII. ACCEPTANCE TESTS: - (Cont'd) 

2. Metallographic specimens s h a l l  be forwarded by the  S e l l e r  t o  
t h e  Company a t  time of shipment. 

IX. MARKING AND PACKING: 

A. Each tube s h a l l  be marked by means of a sulfur-free ink with the  
fallowing : 

1. NRS-13 

2. Manufacturer's p r iva te  iden t i f i ca t ion  mark 

3. Lot number 

4. Heat number 

B. Each tube s h a l l  be packed i n  such a manner as t o  prevent damage 
and t o  maintain the  cleanl iness  of t h e  tubing during handling 
and shipment. 

X. INSTECTION: 

The S e l l e r  s h a l l  no t i fy  t h e  Company five ( 5 )  days in advance of t h e  
date  set f o r  s t a r t i n g  of production t e s t i n g  i n  order t h a t  t h e  Company's 
inspector may be present t o  witness t e s t ing .  

XI. TEST KEPORTS: 

Four c e r t i f i e d  copies of t e s t  reports  required by AS'IM 11.63 - 6 4 ~  
and th i s  spec i f ica t ion  s h a l l  be furnished by the  S e l l e r  t o  the  Company 
a t  t h e  time of shipment of each l o t  of mater ia l .  A t  t h e  time of 
shipment, t h e  S e l l e r  s h a l l  a l s o  furnish t o  the  Company four copies - 

of a Manufacturer's c e r t i f i c a t i o n  of compliance t o  t h i s  specification. 
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WELDING SPEClFICATlQN 

STANDARD REFERENCE INFORMATION 
UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

ORGDP. O A K  RIDGE, TENNESSEE - P A D U C A H ,  K E N T U C K Y  
-~ 
aU8JECT 

BONUS SUPERHEATER REPAIR WELDING 

NUM8ER 

REVISED 

SCOPE - 
This s tandard covers t h e  welding procedures and performance tests necessary 
f o r  t h e  reassembly welding of t h e  BONUS Superheater Fuel Assembly No. 29 
and incorporates  t h e  performance tes t  r e s u l t s .  

SPEC1 FICATI ON 

BONUS Assembly Spec i f ica t ions  66-10, Rev. 1, Paragraphs 301.304 and 
3.30304, 

GENERAL 

All welding s h a l l  be done i n  t h e  f l a t  1 G  pos i t i on  using the  T I G  process. i 
Torches s h a l l  be energized with d i r e c t  cur ren t  and connected f o r  reverse  
p o l a r i t y  (DCRP). 
wire. 

F i l l e r  metal s h a l l  be mi l l - ce r t i f i ed  348 s t a i n l e s s  s teel  

Components of t h e  assembly s h a l l  be precleaned with chlor ine-free alcohol .  
White, l i n t - f r e e  gloves s h a l l  be worn f o r  al; handling and f i t -up  work t o  
avoid f inge rp r in t  contamination. 

JOINT APPLICATION 

Par t s  A ,  B, and C below spec i fy  t h e  d e t a i l s  per ta in ing  to t h e  s p e c i f i c  
j o i n t s  

PART A 

JOINT 
__. 

In le t -Out le t  Standpipe Trans i t ion  Ccriponents t o  Upper Tube Sheet, 

TEST WELD 

347 ss- 

1/32' 

. 

-. 
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NUMBER 

UCN - 1 

12-30-65 
D A T E  

R E V I S E D  

P A G E  

2 of 5 

STANDARD REFERENCE INFORMATION 

SUBJECT 

BONUS SUPERHEATER REPAIR WELDING 

QUALIFICATION TESTS AND EVALUATION 

Make t h r e e  6- in , - lcng vee b u t t  weldments w i th  4 x 6 x 3/16-in. 347 s t a i n -  
less steel  p l a t e .  
wi th  ASME B o i l e r  and Pressure  Vessel Code, Sec t ion  I X ,  and ( 2 )  radiograph 
i n  accordance wi th  Code paragraph UW-51. 

(1) Perform t e n s i l e  and guided bend tes ts  i n  accordance 

WELDER: Re H. Duncan, Badge No. 19375 - Date Tested June 2, 1965 

WELD PARAMETERS 

Argon Flow Tungsten F i l l e r  
S i ze  S i z e  Amps Vol t s  Pass  Bead 

NO 0 Type ( i n , )  ( i n .  1 Torch Purge 

1 S t r a i g h t  1/16 1/16 47 11 35 40 

2-3 Weave 3/32 1/16 86 12 35 30 

TENSILE COUPONS 

Y'ield Tensile 
Poin t  S t r eng th  Remarks 
( p s i )  ( p s i )  

Sample 

TR-1 47,000 89,300 Base metal f r a c t u r e  

TR-2 46,800 89,000 Base metal f r a c t u r e  

Guided bend coupons for Samples DR1-1  ( f a c e  t y p e ) ;  DR1-2 ( r o o t  t y p e ) ;  
TR2-1 ( f a c e  t y p e ) ;  and TR2-2 ( r o o t  t ype )  showed no defec ts .  

Radiographic checks showed t h a t  Samples DR1, DR2, and TR1 were accept-  
a b l e  per  Code. 

APPROVED BY: 

. 
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SUBJECT 

BONUS SUPERHEATER REPAIR WELDING 

STANDARD REFERENCE 

12-30-65 
R E V I S E D  

P A C E  

3 .,r 5 

INFORMATION NUMBER 

UCN-1 
D A T E  

PART B 

JOINTS 

Upper Cover P la re  t o  Upper Tube Sheet;  Lower Cover P l a t e s  t o  Lower Tube  
Sheet; and Crossover Liner Pins  t o  Cover P la t e s .  I 

TEST WELD 

QUALIFICATION TEST AND EVALUATION 

Make f o u r  corner  t e s t  welds from 2-in.-long x 2-in.-wide coupons. 
and metallographic approval required.  

Visual  

WELDER: R, H. Duncan, Badge No. 19375 - Date Tested October 5, 1965 - 
WELD PARAMETERS 

Argon Flow 
( c fh )  Tungsten F i l l e r  

Bead S i z e  S ize  Amps Volts Pass 

( i n . )  ( i n . )  Torch Backing 
NO 

1 Fusion 1/16 75 10-12 20 25 
2 Weave 1/16 ,035 75 10-12 20 25 
3 Weave 1/16 1/16 75 10-12 20 25 

. 
: 

APPROVED BY: 
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D A T E  

12-30-65 
R E V I S E D  

P A G E  

4 of 5 

SUBJECT 

BOXUS SUPERHEATER REPAIR WELDING 

. 

NUMBER 

UCN-1 
STANDARD REFERENCE INFORMATION 

METALLOGRAPHIC CHECK - lOOX 
Pores  Penetration Cracks Inc lus ion  .oo211 max) 

NO o ‘ (100%) 

6B OK None None OK 
7B OK None None OK 
8B OK None None OK 
9B OK None None OK 

PART C 
P 

JCINT - 
Support Cap t o  Pressure Tube. 

TEST WELD 

,,a3311 o x 
C16” wal l  

pressurr-, tube 
spool 

.500“ 

.795” 

QUALIFICATION TEST AND EVALUATION 

Make fou r  p rc to type  edge welds a t  t h e  corner  t ube  pos i t i on  us ing  a 2 x 4 x 
3-in.-deep handicap box, s imula t ing  t h e  a c t u a l  welds t o  be made i n  t h e  tube  
shee t .  Metal lographic  eva lua t ion  is  t o  be made a t  1OOX. 

APPROVED ay: __ 

. 
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SUBJECT 

STANDARD REFERENCE INFORMATION 
D A T E  

12-30-65 
R E V I S E D  

N U M B E R  

ucbr - 1 

BONUS SUPERHEATER REPAIR WELDING P A C E  

5 of 5 

WELDER: R,  Re Duncan, Badge No. 19375 - Date Tested .P.ugust 3, 1965 - 
WELD PARAMETERS$: 

Tungsten Argon 
Size Amps Volts Flow 
( in . )  . (cfh)  

Pass 
No 

Fusion 040 1 5  1 0  35 

&Ceramic cup - Size No, b e  

METALLOGRAPHIC CHECK - lOOX 

Cold Pores 
Laps (.002" max) ' Cracks Inclusion 

NO e 

ET None None None None 
9T None None .None None 
10T None None None None 
U T  None None None None 

We c e r t i f y  t h a t  t h e  above q u a l i f i c a t i o n  tes t s  and tes t  results s t i p u l a t e d  i n  
Parts A ,  B, and C a r e  correct , .and t h a t  t h e  welder, R,  H, Duncan, is hereby 
qua l i f i ed  t o  conduct all r e p a i r  welding on t h e  r e b u i l t  assembly. 

+- 
K-25 Engineering Division 

E. C. Kirstowsky 
Welding _Engineering Department 

4 

. 

APPROVED BY: 
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!rEiiSILF: 
4- -- Parsed Failed 

(Indlcate Which Method) 

TR-1 - 89.300 - Base m et-ture 
TR-2 - 89,000 - Base meta l  f r a c t u r e  

K-25 RECORD OF WELDER QUALIFICATION T E S T S  
SAFETY AND PROTECTION DIVISION 

1 
2 
3 

__ 
!CR - Sca t t e red .  minimum s i zed  go res  - Exceeds A S E  Sec. 111 StanBar6.s 
DEI-1 - Scat te red ;  minimum s i zed  pores  - Exceeds ASME: Sec. I11 StmZards 
DR-2 - Sca t t e red .  minimum s i zed  pores  - Exceeds ASME Sec. I11 Standards 

Operotor R.  H. Duncan Badge No. 19375 Dcpt. No; 1080 

Procedure No, UCN-1 - P a r t  A . Date Started 6 -2 -65 Stencil or Test No. 

Moterial 347 ss Thickness 311611 Fi l ler  Metal 347 ss 
(K lnd  6 Speclficatlon No. j (Rod or Electrode 8 Spec. No.) 

P e r f q F a m e  
Weld Process Hel ie rc  Weld Positions lG Type of Test 

W v b l e .  Retest) 
ULLJ nn 

(Arc, Cos, Hellarc, etc. j 

Record test results below giving a brief description of defects. Record silver brazing tests on bock side. 

Passed Foiled u NUMBERS COUPON I FACE BEND TESTS: 
~ 

I 

1 I No d e f e c t s  - T e s t  p l a t e  - DR-1 
--A ! NO defec t s  - Test  p l a t e  - DEI-:! 

- 4 

ROOT BEND TESTS: Passed Failed 0 
1 1 No d e f e c t s  - "est plate - DR-1 
2 1 No d e f e c t s  - Test  plate - DR-2 

NUMBER I RADIOGRAPHS : Passed [xl Prior to Bend Tests 

Renewal of Qualification Failed 0 

%e obove operator is qualified to weld under the following: 

INSPECTOF! /* .3 I /  7 DATE - -  / 

APPROVED - DATE 6-7-65 
&- 7-6c 

WCX.2081, Mcch Inw. Dcpt. KZSRC (2-56) 
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COUPON 
NUMBERS 

K-25 RECORD OF WELDER QUALIFICATION TESTS 
SAFETY AND PROTECTION DIVISION 

FACE BEND TESTS: P o s s e d  F a i l e d  0 

Operotor R.  H. Duncan Badge No. 19375 Dept. No. 1080- 

Procedure No. = l L ? i  Dote Started 10-5-65 Stencil or Test No. 

Motorial 347 ss Thickness 1/8 t o  3\16" Filler Metol 347 ss 
( K i d  6 Speclflcotion No. J (Rod cr Electrode 6 Spec. No.) 

N U M ~ E R  

X 6B 
1 [ m  

- 8B 
X 9B 

Perfq-ze 
Weld Process !PIG Weld Positions 1G Type of Test&;Ll if i rat.i nn 

(k, Cos, Hellorc, etc.) (First, Double, Retest) 

F a i l e d  R e n e w a l  o f  Quol i f ico t ion  0 
Acceptable pe r  a t tached metallomaDhic examination 
Acceptable Der a t tached metallographic examination 
Acceptable per  a t tached m e t a l l o a a p h i c  examination 
Acceptable pe r  a t tached metslloaraDhic examination 

Record test results below giving a brief description of defects. Record silver brozing tests on bock side. 

4 I 

ROOT BEND TESTS: P a s s e d  F a i l e d  0 

SIDE BEND OR NICK BREAK TESTS: P a s s e d  0 F o i l e d  
(Indlcotr Whlch Method) 

2 I 

3- %NEmC P a s s o d  Pr ior  90 Bend Tosts 

Procedure NO, UCN-1 - P a r t  B Positions -Effective 10 -20-65 

INSPECTOR I . 1. DATE- 10 - -  I? 65 

APPROVED E. C .  Kirstowslor DATE 10-20-65 
;4, ,G, y p i 2 v  &ly 

\ 
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INTERNAL CORRESPONDENCE 

NUCLEAR DIVISION POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37831 

ro (Name)  

Company 

Location K-1400 

lk. E. C. KirStoWSky ( 2 )  

copy  to M r .  J-. W. Arendt 
Mre W>.S. D r i t t  
F i l e  (NoRC) 

Date October 28, 1965 

Originating Depf.  Metallurgy 

Answering letter dafe 

Subject Qualif icat ion Welds - 
Ty-pe 348 Stainless  S tee l  

Introduction 

The s ta in less  s t e e l  qual i f icat ion welds you submitted have been ex- 
amined t o  determine the  weld quality. The welds (sample nmibers 6B, 
7B, 8B, and gB) were prepared by R. H. Duncan t o  prove the in t eg r i ty  
of top cover-to-upper tube sheet comer  welds i n  the  BONUS reactor. 
The welds were prepared by 'PIG welding 3/16-inch thick bevel p la te  t o  
l/8-inch thick v e r t i c a l  p la te  i n  the  horizontal  posit ion using the  
UCN-1 auxi l iary welding procedure. 
wire was used i n  making the  welds. 

Ty-pe 348 s ta in less  s t e e l  f i l l e r  

Results 

Metallographic examinat ion showed that f u l l  penetration and complete 
fusion were accomplished with no undercutting of t he  base metal 
adjacent t o  the  weld. No defects were found greater  than 0.002 inch 
in major dimension. 

L?2. & i G L  
C. E. Weaver 

Plant Equipment Problems 
Metallurgy Department 
Technical Division 

C E W  : emck 
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4 

FILM 
NUMBER 

x 
X 9T 
MOT 
#LlT 

K-25 RECORD OF WELDER QUALIFICATION TESTS 
SAFETY AND PROTECTION DIVISION 

MET$LJAGFULPHIC 
-1' Potsed Prior to Bend Tests 

Foiled 0 Renewol of Qualification 0 
Acceptable Der attached met.allogaDhic exminat ion  
Acceptzble per  a t t a c g  metallographic examination 
Acceptable Der attached metallomaphic examination 
Accebtable Der attached metalloermhic examination 

. .  
Operator R. H. Duncan Badge No. 19375 Dept. No. 1080 

Procedure No. UCN-1  - Part c Date Started 8-9-65 Stenci l  or Test  No. 

Material 347 t o  348 ss Thickness -018 t o  -027" F i l l e r  Metal None 
(K lnd  6 Spoclflcatlon No.) (Rod w Electmde 6 Spec. No.) 

Performance 
Weld Process TIC Weld Posi t ions lG Type of Test  Qualif icat ion 

(Arc, Gos, Hellorc, etc.) (Flrif, b v b l c ,  Rete.?) 

Record test  resul ts below giv ing a br ief  descript ion of defects. Record si lver brazing tests on back side. 

I 

FACE BEND TESTS: Poaaed Foiled 0 I COUPON 
NUMBERS 

7 I 
4 

I 

ROOT BEND TESTS: Passed Failed 0 
I 

1 

3 I 
A 

SIDE BEND OR NICK BREAK TESTS: Posaed 0 Foiled 0 
(Indlcote Whlch Method) 

I 
1 
7 I 

Procedure No.&N-1 - P a r t  c Pos i t ions  1G Ef fec t ive  8-16-55 

DATE 8-9-65 

8-16-65 

INSPECTOR 

APPROVED E. C. Kirstowslw DATE 

\ 

WCX.2081, Mcch fhsp. Dept. tC25RC (2- 56) 
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INTERNAL CORRESPONDENCE 

NUCLEAR DIVISION 
> <  

POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37831 

To (Name) Mr. E. C. Kirstowsky (2) Date October 28, 1965 
Company 

Location K-1400 Originating Dept. Metallurgy 

Answering letter date 

c o p y  to Mr. J. W. Arendt &. W. S. D r i t t  
F i l e  (NoRC) 

Subject Qualification Welds - me 348 Stainless S tee l  

I n t  roduct ion 

The stainless s t e e l  qualification welds you submitted have been ex- 
amined t o  determine the  weld quality. 
numbers &C, 9, lOT, and l l T )  were prepared by R. H. Duncan t o  
simulate the  pressure tube-to-support cap welds f o r  the repair  
welding of BONUS f u e l  assembly number 29. 
the  flat position using a simulated handicap j i g .  

The fusion welds (sample 

The welds were made i n  

. I  
Results 

Metallographic examination showed tha t  complete fusion was accomplished 
with no undercutting of t he  base m e t a l  adjacent t o  the weld. A l l  welds 
were free of cracks and porosity exceeding 0.002 inch i n  maximm 
dimens ion. 

C 

Plant Equipment Problems 
Metallurgy Department 
Technical Division 

CEW:emck 

I 



Fig. B-2. UCN-1, Part  B Box Cover-to-Tube Sheet Weldment. Ful l  
weld penetration was achieved by reducing the tube sheet edge t o  3/32 in.  
high. 348 stainless  s t e e l  t o  348 stainless  s tee l .  9X. 

. 

Fig. B-3. EN-1, Part C Pressure Tube-to-Support Cap Weld. 
348 stainless  s t e e l  t o  348 stainless  s tee l .  7%. 
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NUCLEAR €@ACTOR SPECIFICATION 
METAJS AND CERAMICS DIVISION 
OAK RmGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Spec : NRS-14 
Date : August 4, 1965 
Rev. No.: 0 
Page : 1 of 2 

Subject : BONUS SUPERHEATER FUEL ELESIENT BRAZING SPECIFICATION 

I. SCOPE 

. This specifica-bion is a process specification which defines the  attach- 
ment, by brazing with Nicrobraz .SO, of spacers t o  the clad tubes and t o  
the  coolant tube of t he  BONUS Superheater Fuel Element i n  a continuous 
hydrogen furnace. 

11, PROCEDUKE 

A. 

B. 

C. 

D, 
I 

i 

E. 

F. 

The Se l l e r  s h a l l  l e t  the furnace run empty f o r  a period of four 
hours a t  a minimum of 1900°F before the brazing run t o  insure a clean 
hydrogen atmosphere. 
put In service at the atart of the mn, 

A clean Dexo Electro Dryer o r  equal s h a l l  be 

A control sample and a thermocouple shall be run through the furnace 
before any brazing is  performed. 
the  temperature of t he  thermocouple every minute and by recording 
i ts  t o t a l  time above 1600"~ .  
exceed 10 minutes and the temperature s h a l l  not exceedI.850"~. 
brazing temperature shal l  be 1830 A 20°F. If the survey is i n  an 
acceptable range and i f  the  control s y p l e  is  brazed successfully 
(See Section 111), the production brazing may begin. The process m u s t  
be repeated if  e i the r  the  sample did not braze or  the survey w a s  out 
of specification. 

A survey s h a l l  be taken by recording 

The time above 1 6 0 0 " ~  shall not 
The 

After the  temperature survey the  controls of the furnace s h a l l  remain at  
the  same se t t ing  (belt  speed, temperature, e t c . )  u n t i l  a f t e r  the 
braze run. A l o t  shal l  consist of a l l  the subassemblies that were 
run through the  furnace at  one time with the same se t t ing  (be l t  speed, 
temperature, e tc .  ) . 
Tubing and spacers s h a l l  be supplied i n  accordance with drawings 
10398 R 001 D and DM-8562043. 
Nicrobraz -50; and the stop-off, i n  the case of the coolant, sha l l  
be put in place by the  Sel ler .  
in place but spot welding s h a l l  not be used on the clad tube. 

The spacers; the brazing 'al loy,  

The coolant spacer may be spot welded 

After production brazing, a temperature survey sha l l  be run as 
defined i n  Section 11, paragraph B of t h i s  specification. 

Two rebraze cycles may be used on the  clad tubes. 
msy be rebrazed once. 
before and after the  control sample, e tc . )  m u s t  be used f o r  each rebraze 

The coolant tubes 
The same procedure (furnace clean up, survey 
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Spec : NRS-14 
Date : August 4, 1965 
Rev. No.: 0 

NUCLEAR REACTOR SPECIFICATION 
METALS AM> CERAMICS DMSION 
OAK RIDGE NATIONAL LABORATOKY 

Union Carbide Nuclear Company 
Page : 2 of 2 

A Division of Union Carbide Corporation 
Oak Ridge, Tennessee 

~ 

Subject: BONUS SUPERHEATER FUEL ELEMEM! BRAZING SPECIFICATION 

113.. 

nr. 

v. 

run. 
s h a l l  be recorded. 

The s e r i a l  number of each subassembly which ds rebrazed 

VISUAL INSPECTIOM 

A l l  subassemblies shall be visual ly  examined under d i rec t  daylight 
fluorescent illumination of at  l e a s t  100 foot  candles. 
on the  clad tubes a h a l l  be continuous uniformly f i l l e d  jo in ts .  
brazed jo in ts  on the  coolant tube s h a l l  be continuous uniformly f i l l e d  
jo in ts  extending f o r  a minimum distance of 3/8 inches along each s ide  of 
the  spacer. 

INSPECTION 

The brazed jo in t s  
The 

The Company shall have an Inspector and/or an Engineer t o  witness all 
operations covered by t h i s  specification. 
f o r  notifying the Company 24 hours i n  advance of assembling and brazing 
so t ha t  a representative may be present. 

The Se l l e r  shall be responsible 

The Se l l e r  shal l  provide the following records: 

A,  The two furnace surveys f o r  each braze l o t  and rebraze l o t .  

B. The instrument t race  from the furnace control thermocouple f o r  
each brazing l o t .  

C. The serial number of each tube t h a t  was rebrazed. 

The Se l l e r  shall be responsible f o r  packing the  subassemblies t o  
insure against shipping and handling damage. 
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C - 1 .  FUEL I N S P E C T I O N  ( C e r t i f i c a t e s  

of C h e m i c a l  Analysis) 
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JUCLEAR FUEL SERVICES, INC. 
A Subsidiary of W. R. Grace & Co. 

Erwin, Tennessee 

CERTIFICATE OF ANALYSIS 

Material Enriched UO, p d 1 e t - n  h t e  August 18, 1965 

~ ~ ~ t ~ ~ , ~ ~  Union Carbide Corporation 
August 7 ,  1965 P.O. Box P Date Shipped 

Oak Ridpe. Tennessee Bill of Lading No. 

Purchase Order No 2 8 x 4 ' 6 6  Sales Order No. 3306 

Certified By: 
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JUCLEAR FUEL SERVICES, INC. 
A Subsidiary of W. R. Grace 8. Co. 

Erwin, Tennessee 

CERTIFICATE OF ANALYSIS 

. 

. 

DlateriaI Enriched UO, Pellets Date August 18, 1965 

Customer Union Carbide Corporation 

P.O. Box P Date Shipped July 10, 1965 
Oak Ridge. Tennessee Bill of Lading No. 1947 

Purchase &der S o  28x-9766 Sales Order No. 3306 

K.D. Hensley 

. 
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IUCLEAR FUEL SERVICES, INC. 
A Subsidiary of W. E. Grace & Co. 

Erwin, Tennessee 

CERTIFICATE OF 

DlateriaJ Enriched UO, Pellets 

Cusfomer-n .. - 
p.0. Box P ' I Oak Ridne, Tennessee 

Purchase Order So 28X-9766 

ANALYSIS 

Date August 18, 1565 

July  30, 1965 Date Ship+ 
Bill of Lading No. 1947 
Sales Order No. 3306 

\ 

. 



113 

WCLEAR FUEL SERVICES, INC. 
A Subsidiary of W. R. Grace & Co. 

Erwin, Tennessee 

CERTIFICATE OF ANALYSIS 

Date August 18, 1965 

p.0. Box P Date Shipped 
Oak Ridge. Tennessee 

Purchase Order KO 28X-9766 Sales Order No. 3306 
Bill of Lading No 
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C-2.  CLADDING TUBE SPACER FABRICATION COMMENTS* - 

The, following comments discuss some of t he  fea tures  of the  explosive 

forming: 

1. 

2. The sea l ing  system f o r  the  inner tube w a s  not good, parti.~I.?,i~1:~- 

The d ie  w a s  not hard en&gh. 

since Tygon tubing w a s  used. 

3 .  To prevent damage t o  the d ie  from water leaks and . to  increase 

production r a t e ,  shoot tool ing i n  a i r  with water i n  the tube. 

4. 
The following suggestions are maae on how.these p a r t s  would be made 

Tool weight w a s  about as much as was  convenient t o  handle. 

if ordered again i n  the  future:  

1. The preform would be shaF:Zd on mechanical too ls  ra ther  than 

explosive too ls .  This allows a l a rge r  round preform, 0.650 k 0.002-in. OD, 

0.0195 k 0,001-in.-wall thickness;and 0.50 in .  long, t o  be made from 

0.75-in. Inconel tubing. 

the explosive s iz ing  tools .  This reduces the  amount of s t r e t c h  required 

and eliminates the  i n i t i a l  annealing. 

This s i ze  w a s  l imited before by the  collapse i n  

2. Anneal the  preform f o r  1 h r  a t  900°C i n  vacuum t o  sof ten and 

provide optimum corrosion resis tance.  

3. Tumble 24 h r  i n  s t a in l e s s  steel  shot t o  break a l l  edges. 

4. Explosive s i ze  i n  one shot about 20 pa r t s  a t  one time i n  good 

vacuum. The too l s  would be designed d i f fe ren t ly .  The s t e e l  would be heat-  

t rea ted  harder. The d i e  would 5e shot i n  a i r  with w a t e r  i n  the  tube. 

This would prevent water inleakage inside the d ie .  The d ie  would be hand- 

lapped rout inely t o  keep up the  surface f i n i s h .  

not Tygon. 

explosive b e t t e r  and pro tec t  d ie .  

The l i n e r  would be rubber, 

The explosive would be MDF 10A i n  rubber l i n e r  t o  space 

5. 
6.  

All p a r t s  would be inspected on a go no-go gage. 

Any oversized pa r t s  would be ground on the  outside surface. 

Depending upon the  quant i t ies  involved, t h i s  might be cheaper than 
reworking the  too ls .  \ 

*Information supplied by W. T. Carey, Y-12  Plant.  

6 
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C-3. HEIiLUM LEAK TEST DATA ON KJEL RODS Equipment: CEC MODEL 24-lm 

A B c D B P I3 

Rod Chamber Instrument Empty Std. Leak Std. Leak, Std. Icnk 
Nunbcr  sure 8ac!cgound Chamber Rod & & Empty Rod, & (5 x 10-9) CO1.G-F Net 'Oar Ca1.E-D Rod Leak Rate Funping 

Time m t e  t.Iic2- bleter Div&@round) Chamber Chamber Chamber Co1.F-D d t a . c + L  
of Ag Meter Div. Meter Div. Meter Dlv. Neter Div. >leter Div. Elcter Diu. Meter Div. Std.cc/sec. Minutes\ 

2.8 0 11 91 80 6.25 x 10-l~ 39 10/22/65 

0-11 2.8 11 91 0 ,  0 0 30 
0-30 2.8 11 6 8 -  -27 0 m 

I1 
-- -., d- _ _  

25 --- 2.8 11 60 8.33 x 1 0 2  

2.8 10 61 57 
0-21 2.8 11 70 -1 0 0 30 

-_ 2.2 5 56 51 9.8 x 10-11 7 10/23/65 
5 51 -5 0 0 P 

0-41 3.0 5 51 -5 0 0 30 

Checked Acc.V. k Reset Zero 
66 0-20 2.8 lo -1 0 

__ 

0 
0 

0 !I 59 

0 

0 6 0- 3  3.0 16 62 + i i  1 10-9 ?o 

0-25 2.8 

0-10 3.0 -1 5 51 30 Reset Zero 0 0 - 
-T;cr 47 10.b3 x - 2 L - R W A c c . -  

-- 
____ 

-- 20 ____ 2.8 5 56 51 9.8 x lo-11 -~ 
- 

0-31 3.0 0 5 54 -2 0 0 39 

0 56 51 25 3.0 5 9.8 7. 10-11 
0 5 0 0 51 -2 30 

0- 3.0 0 5 7n 
39 

54 

3.0 5 60 55 9.09 x 25 

, 0 

0-1 3.0 

0-43 3.0 5 53 . -3 -0- O 30 

0 - 3  3.0 5 

- --- 
- 

~ _ _ _  
0 

- 



Appendix C-3 (continued) 

A B C D E P 0 

Climber b P t Y  Std. k a k  , Std. Leak Std. k n k  
Pmssuw Instnun?nt Chamber Rod b k Empty Rad, k x 10-9) Sens i t iv i ty  Net for Rod k a k  Rate Runping 

Time 
_. . 

Rod ilicmns &ck round) b c  round Chamber Chamber Chnmber (Zo1.F-D C_~lS?F.-.-C2l:k-D 
Number ofAp\(ilctef Div. Met: Div.) Meter Dlv. Meter Dlv. Meter Div. hleter Div. Std.cc/sec. I.lcter Div. bletcr Div. Std.cc/sec. b l i a  mte 

0 
0 11 45 

12 64 72 b.8 x 10." 45 
84 0 1 0 

3.0 
0-37 3.0 
0-40 30.0 >loo,ow >I 0, ~ 

-- 

0 3.0 4 80 76 6 . 5 6 ~  U)- l l  10/27/65 - 
4 0 ty) 0 0 0  55 
2- +1 0 - ' 4 1 . 2 L  

5- 0 -o---m- 

. _  
0-33 3.2 

0-32 3.2 

- 
5 +1 +1 - 6 5 5  

3.) 0 77 6.49 x 10-l' 
0 62 0 
0 62 
0 5 62 0 0 bo 6--- 

0-17 3.0 -0- 5 tx) 0 +1 0 75 
r30.0- , l o o , m  X O O , ~  .1 x lo-' 
7 . 2 -  1 16 100 a4 5.94 

P 
P a 

r3.2 , 00- 
-- - -- O - d /  3.2 

3.0 0 I 80 76 6.56 x 10/28/65 

0-74 7.2 1 17 97  7 7 0 63 -- 
4-44 7.2 11 97 7 5 0 - 

0 5 84 79 6.37 x 10 -11 1ol29f65 

6 66 60 6.73 x 10 -11 
d-3 1.2 0 4 62 -4 -2 - - -_3,+Q 

0-281 3 L O  > l ~ . o o O  >1w,ooo >l x 10-5 

C m  Is the test chamber pressure I n  mlcrana of &.-a the timc the leak ra te  meter vas r a d .  
Column C Is the instrument "zero" reading taken v i th  t h e  filament ON but v i t h  the manifold system valved ofr. 
s e n s i t i v i t y  : S t a n m d  leak 5 x 10-9 

"Net fo r  Rod" is obtained In two ways: (1) vi th  the standard leak in the s ~ s L c : : ~  (2) without any external source of helium I n  the  system (Column E - D) 
L e k  r a t e  mter reading of standard leak column *' - COhMLI u 

-__- 

Note: One of the two listings of rod 0-27 is a mistake and should be 0-22. 

_ .  - 

I I 

.c -.- 

I 8 

.- 

I 1 I 
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Rod 
xo. 

C-4.  %DIMENSIONAL INSPECTION OF BONUS FUEL RODS 

Clad Diameter Rod Length Weld Diameter Weld Diameter 
Top Er~d Botton End We Id Tip 
- to to 
fin.----- M a x .  M-jn.-------- vm Weld Tip En.--------------- MaX 

* 

U I 
I . 





C-5. SHELL SUBASSEMBLY I N S P E C T I O N  RFPORTS 

(Weld R e p o r t s )  
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WELD INSPECTION REPORT Report No. 

. 



12 1 

BASE MATERIALS 

L 7 TYPE 

IR  

WELD INSPECTION REPORT 

FILLER METAL 

TYPE 

IR 

. 
Report No. 

~ 

HEAT 

MFG. 

DRAWING NUMBER D I S T R I B U T I O N :  

HEAT 

MFG. 

COMPONENT T I T L E  WELDNUMBER 

T Y P E  JOINT 

F UJ/dA/ 
INSPECTfON SPECIFICATION  INSPECTION SCHEDULE 

~ ~~ 

LOT NO. ITEM 

SIZE 

WELDER 
BACK-UP GAS 

A He 

A /  He 
COVER GAS 

INSPECTION 

UCN,-/I , . ' A  
I2 *' 1 L  ,: 
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t- 

-
.

 

. . 
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WELD I N S P E C T I O N  REPORT 
- .- _ _ _  
DISTCIB 'TION: _ _  

- 

COMPONENT T I T L E  

iL Report No. 

DRAWING NUMBER 

I=.($ -pq-&,+l 
WORKORDERNUMBER 

. M - 3  2 4  6 4 - 0 7  
DATE 

/ 2 -  7 - 6 5 -  
WELD NUMBER 

WELDER 
WELDER'S NAME I BACK-UP GAS 

DISPOSITION 

CLEANLINESS '5 b f  
FIT-UP dY/( - 

- ,-- 
ROOT PASS 

PENETRANT: DEFECTS I Y 

APPROVED 

I 

_. - 
INTERMEDIATE PASSES 

PENETRANT: DEFECTS 

FINAL PASSES 

PENETRANT: DEFECTS 

RADIOGRAPHY 

ULTRASONIC 

WELDING VARIABLES ~ 

& 

DATE DATE 

// - 7-1 

c 

c - 
. c P  - *-/ - 1 . 1  

/4 L-W,, G I  - r*' ,' 
/ A d L C  . KQ!  

/ 7  z;( , :C&Pid' 
+ I  8 .  

VOLTS AMPS INTER PASS TEMP. 
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COMPONENT T I T L E  

Report No. ? 
WELD INSPECTION REPORT 

WORKORDERNUMBER 

64 -07 
/2-7-4J- 

- 
DATE 

WELD NUMBER 

I J ~. 
DISTRIBUTION: JUMBE R 

4-w- 2 L 7 I G  
WELDING SPECIFICATION I WELDING PROCESS I T Y P E  JOINT 

WELDER'S NAME 

- / v f A d  . A?# / 9 3  7 1- 
FITTER'S NAME 

BACK-UP GAS 

A c / r c p f f l  He 
COVER GAS 

.- A ~>-cF,+%..." He 

CLEANLINESS 

FIT-UP 

ROOT PASS 

PENETRANT: DEFECTS 

INTERMEDIATE PASSES 

c 

DISPOSITION APPROVED 

/ c,*- 
v & , ,  

, _. 
,,. --I...- li ,..) 

,-7.1w;, r, 
. . -. . . Y 

PENETRANT: DEFECTS 

FINAL PASSES 

PENETRANT: DEFECTS 

RADIOGRAPHY 

ULTRASONIC 

WELDING VARIABLES 

I 

. 

~ 

- . - .  

-.A d;, 4 fl-.x 1 7  &/..': )?. .. . . _I / , f 

L--44 L '  
, ~..., , .;: p, ,&.C.C./ 

t -  ', 
VOLTS AMPS INTER PASS TEMP. 

DATE 

12-7-4 J- 
DATE 
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WELD I N S P E C T I O N  REPORT 

DISTRIBUTION: 

COMPONENT T I T L E  

1L7@ 9 H E L L  CLW PONFNTTS 
WELDING PROCESS 

s Lqj=lQf+fA. 
WELDING SPECIFICATION 

y - Y - l _ L  7-LG 

Y Report No. 

DRAWING NUMBER 

L k - M - u t /  
/47--32yLL -07 

/2-// -L3”  

G P o o v ~ d  frt /r ,  

WORK ORDERNUMBER 

DATE 

WELD NUMBER 

T Y P E  JOINT 

BASE MATERIALS II FILLER METAL 

WELDER’S NAME 

D U N  C A I 4  A, (4. /937 t / 
FITTER’S NAME 

BACK-UP GAS 

A COVER yJ’cf/l/. GAS He 

A 3 TC/=F/- .  He 

WELDING VARIABLES VOLTS AMPS INTER PASS TEMP. 
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WELDER'S NAME 

/-J o,?! L";a,+.J 17 . P i .  /9371- 
FITTER'S NAME 

J - 5 7 7  
I 

BACK-UP GAS' 

A & If ~ , ~ ~ i ~ . .  He 
COVER G4S 

A 3.5 C,F...:yL He 

WELD INSPECTION REPORT , 

3- 1 Report No. 
DRAWING NUMBER __ Dl STRl E UT ION : 

GG -M- Y4/ 
WORKORDERNUMBER 

,"7- 32~4.4-d 7 
n A T F  

~ - ~ . _ _ ~  - -  
/2-// -L5- ._ ~. 

-- 
COMPONENT T I T L E  I WELD NUMBER . 

BAS5 MATFr'd '.LS 
._ 

HEAT 

MFG. 

LOT NO. 

FORM 

ITEM 

PIECE 

~~ ~ _ _ _ _  

FILLER METAL 

347 TYPE 

I R  
I I - 

HEAT x-3-4 0 8 L I 
LL.0 2-fi7-L 

//"//-,' .-- MFG. ,A 

ITEM i I 

. 
DATE 

_. 
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DISTRIBUTION: 

COMPONENT T I T L E  

I 

r 

DRAWING NUMBER 

4 d -/I? - 49 

/ z  - / 3  -65: 

WORKORDERNUMBER 

# - 3 2 4/ 4d - 07 
DATE 

WELD NUMBER 

. 

CLEANLI N ESS 

FIT-UP 

ROOT PASS 

WELD INSPECTION REPORT 

DISPOSITION 

C- 

m- - 

I Report No. 

PENETRANT: DEFECTS 
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C-6. ENVELOPE OF SUPERHEATER FUEL ASSEMBLY 
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C-8. PROCEDURES FOR FABRICATION OF CLADDING TUHE SPACERS 

Procedures Step 
Number Description 

F ina l  I n i t i a l  

1 Stock - Inconel from ORNL Stores 

2 Preform machined from tubing 

3 Anneal preform i n  vacuum 

4 Explosive form tools ,  ET-56010 

F i r s t  Shot 
Lining 
Vacuum 
Explosive 

Second Shot 
Lining 
Vacuum 
Explosive 

Third Shot 

Lining 
Vacuum 
Explosive 

Fourth Shot 
Lining 
Vacuum 
Explosive 

5 , Inspection with No-Go Gage 

6 Cleaned 

7 Tumbled 24 h r  

8 Outer surface ground t o  
f i t  gage 

5/8-in. diameter by 1/16-in. wall thickness 

0.620 ? 0.002-in. OD, ' 0.620 -l 0.002-in. OD, 

900°C, 1 hr ,  5 X t o r r  900°C, 1 hr ,  5 X t o r r  

5/8-in. diameter by 1/16-in. wall thickness 

0.0195 ? 0.0005 in .  wall thickness 0 0195 ?r 0.0005 in .  wall thickness 

5/8 in .  Tygon tubin 
Q9 in .  Hg (no leak7 
MDF 5A 

518 in .  Tygon tubing 
Q9 in .  Hg, (no leak)  
MDF 1OA 

518 in .  Tygon tubing 
Q9 in .  Hg (no leak)  
MDF 1OA 

Checked inside diameter spacer 

Solvent 

Alumina g r i t  followed by s t a i n l e s s  s t e e l  
Not ground 

generally snug 

518 in .  Qgon tubing 
<15 in .  Hg (leaked) 
MDF 5A i n  rubber tube 

518 in .  Tygon tubing 
<15 in .  H g  (leaked) 
MDF 5A i n  rubber tube 

518 in .  Tygon tubing 
<15 in .  Hg (leaked) 
MDF 5A i n  rubber tube 

(About 118 of p a r t s )  
518 in . .  Tygon tubing 
<15 in .  Hg (leaked) 
MDF 5A i n  rubber tube 
Checked inside diameter spacer 

Solvent 

Not tumbled 
Placed on mandrel 

generally snug 
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Table D-1.  Fuel Weights 

Tube U02 Weight Tub e U02 Weight 
Number ( 6 5 )  Number ( g )  

0 -1 1810.0994 0 -24 1808.9504 

0 -2 1802.2 708 0 -25 1801.8549 

0 -3 1802.4828 0 -27 1808.4456 

0 -4 1804.3137 0 -30 1801.6986 

0 -5 1800.5170 0 -31 1801.82 83 

0 -8 1811.4366 0 -32 1803.4091 

1800.2268 0 -33 1810.7643 0 -9 

0 -10 

0 -11 

0 -13 

0 -15 

0 -17 

0 -19 

0 -20 

0 -21 

0 -22 

1813.7166 

1800.6740 

1816.6190 

1801.842 8 

1807.8048 

1804.1631 

1801.5537 

1823.4693 

1800.1878 

0 -34 

0 -35 

0 -36 

0 ~ 3 7  

0 -40 

0 -41 

0 -42 

0 -43 

\ 0 -44 

1806.3327 

1804.4523 

1818.6080 

1809.0045 

1800.0618 

1800.9414 

1802.5699 

1800.4087 

1802.4576 



Table D-2. Analyses of Ine r t  Gas Present i n  Atmosphere Chamber During Fuel Rod Welding 

Mass Spectrometer G a s  Analysis Gas 
Sample 

Number (ppm) ($ ( p p d  ?PPd (PPd  ( P P d  (PPd  

Helium Welding Fuel Chamber 

Number Number Before F i l l i n g  Number A r  ' c 02 Batch Rod Vacuum Analysis H2 H 2 0  N + CO 02 

, 

1 0 -1 
0-31 
0 -35 
0 -43 

2 0-22 
0-33 
0 -34 
0 -24 

3 0 -36 
0 -27 
0 -10 

4 0 -40 
0 -41 
0-21 
0-5 
0-25 

5 0-9 
* 0-8 

0 -4 
0-13 

6 0 -44 
0-32 
0 -19 
0-37 
0 -17 

7 0 -20 
0-11 
0 -42 
0 -2 
0 -15 
0 -30 
0 -3 

x 

3.5 

3 

3.8 

2.4 

4 

4.2 

2.2 

x-973 

R-63U 

R-63lA, 

R-63lA 

H-189953 

H-189953 

H-189953 

6176 

6177 

6195 

6196 

6197 

62 03 

62 04 

5 
<3 

2 
<3 

4 

4 

2 
6 

4 

6 

99.997 
99.995 

99.998 
99.997 

99.995 

99.996 

99.996 
99.994 

99.991 

99.996 

1 
9 

2 
6 

5 

6 

5 
8 

11 

6 

17  
27 

13 
14 

23 

16 

13 
20 

35 

9 

5 
7 

1 
2 

5 

3 

1 
5 

5 

1 

3 1 
5 2 

1 2 
4 2 

10 

7 2 

16 1 
18 1 

36 1 

21 <1 

8 
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Table D-3.  Fuel Rods and Corresponding 
Coolant Tubes 

~~ - ~ ~- ~ 

Fuel Coolant Fuel Coolant 
Rod Tube Rod Tube 

Number Number Number Number 

0 -1 

0 -2 

0 -3 

0 -4 

0 -5 

0 -8 
0 -9 

0 -10 

0 -11 

0 -13 

0 -15 

0 -117 

0-19 

0 -20 

0 -21 

0 -22 

1501 

1393 

1502 

1504 

1500 

1389 

1295 

1419 

1513 

1495 

1379 

1493 

1380 

1498 

12 88 
1297 

0 -24 

0 -25 

0 -27 

0-30 

0 -31 

0 -32 

0 -33 

0 -34 

0 -35 

0 -36 

0 -37 

0 -40 

0 -41 

0 -42 

0 -43 

0 -44 

1391 

1491 

1499 

12 89 

1377 

1362 

1506 

13 74 

13 86 

1490 

1376 

12 93 

1387 

13 81 
1390 

1497 
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APPENDIX E 

Electron Microprobe Analysis of the Defective 
Region i n  Fuel Rod 0-28 
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ELECTRON MICROPROBE ANALYSIS OF THE DEFECI'IVE 
FC3GION IN FUEL ROD 0-28 

r 3  

-? 

G. Hallerman 

The longitudinal section through the defective region in fuel rod 0-28 
described in the previous section, was submitted for electron microprobe 

analysis. 

end cap and cladding near the weldment. 

in both the end cap and cladding material in this region. 

The region of interest was in the heat-affected zones in the 
Intergranular cracks were observed 

The microprobe 

was used to observe concentration changes of elements present in the 

defective regions. 
For all elements investigated, a 20-kv accelerating potential and a ' 

specimen current of 0.02 pa were used. 
MAC model 400 microprobe using flow-proportional detectors and pulse- 
height discrimination. The estimated electron probe diameter was 1-2 p .  

For each of the minor elements analyzed (Al, Si, S, P, K, Nb), a minimum 

of three 100-sec counts were made on each of the areas of interest and on 

standards. For Ni, Cr, and Fe, counts of shorter duration were used. 

Background measurements were also made on each of the areas of interest 
and on the standards by defocusing the spectrometers. Specific conditions 

used for the analysis are shown in Table E-1. 

The analyses were made with the 

Table E-1. Conditions of Analysis 

E le me nt Standard . Characteristic Analyzing 
Analyzed Used Line Crystal 

Al 
Si 

S 
P 
K 
Nb 

Ni 

Cr 

Pure A1 
Pure Si 

Fe S2 

InP 

KOH 

Pure Nb 

Pure Ni 

Pure Cr 

KCY 
KCY 

Ka '- 
KCY 

KCY 

La, 

KCY 
KCY 

KAP 

KAP 

ADP 
ADP 
ADP 

KAP 

LiF 

LiF 
Fe Pure Fe KCY LiF 
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An area of the specimen adjacent to the weld is shown in Fig. E-1. 
The numbered arrows identify areas and phases in the cladding tube, 

end cap, and interface analyzed with the static electron beam. The results 

of semiquantitative analysis of these areas are tabulated in Table E-2. 
The values shown are intensity ratios. These ratios, to the first approxi- 

mation, are weight percent concentrations with no corrections for x-ray 

absorption of fluorescence. These ratios were obtained by dividing the 

count rates of x ray produced by an element in the specimen by the count 

Fig. E-1. Defective Region in Fuel Rod 0-28 Analyzed with the Aid of 
the Electron Microprobe. Etchant: copper regia. 400X. Original reduced 
10% 
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Table E-2. Concentration of Elements (Semiquantitative) 

I 

. 

G 

Aluminum Silicon Sulfur Phosphorus Potassium Niobium . Area 

1 

2 

3 

4 
5 
6 

7 
8 
9 

10 
11 

12 

13 
14 

<0;1 

<o. 1 
<o. 1 
<o. 1 
4.0 
<0.1 

<0.1 
<o. 1 
<o. 1 
<o. 1 
<o. 1 
<o. 1 
<o. 1 
4.1: 

4. 1 

4.1 

4.1 

<0:1, 

4.1 

4.1 
<o. 1 
(0.1 

<o. 1 
: <o. 1 
4.1 
<O. 1 
<o. 1 
<o. 1 

<o. 1 
<o. 1 
<o. 1 
<O. 1 
<o. 1 
<0.1 

<o. 1 
<o. 1 
CO.1 
<o. 1 
<o. 1 
<o. 1 
<o. 1 
<o. 1 

<o. 1 
3.1 - 
0.7 

1.4 

0.4 
5.2 

0.5 

1.3 

0.7 
0.4 
2.3 

<o. 1 
0.4-3.3 

<o. 1 

0 

0 

0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 

a Not investigated. 

rates of a pure standard. Where a pure element standard was not available, 

as in the case of phosphorus (where InP was used), the count rate of x rays 

generated in the sample was divided by the known concentration of the ele- 
ment in the standard. The values should include corrections for background 
and for instrument drift. Under these conditions the values shown are only 

semiquant itat ive . 
In addition to the elements shown in Table E-2, concentration checks 

were also made for the major elements, nickel, chromium, and iron. No 

significant changes in concentrations were detected. The concentrations 

of aluminum, silicon, and sulfur were less than O.l$, with the exception 
of high concentration of aluminum in area 5. 

crack and the presence of aluminum was attributed to aluminum oxide 
particles associated with the metallographic preparation of the specimen. 

Concentration of potassium was below the limit of detectability of the 
microprobe. 

This area is actually a 

h 
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Phosphorus was distributed heterogeneously, as shown in Table E-2. 
The concentration in some areas was difficult to establish because of 

large concentration gradients; therefore, the data in Table E-2 show only 
average concentration. 

phosphorus in some areas is higher than indicated in Table E-2. 
The distribution of phosphorus is shown in Fig. E-2. 

and b are oscilloscope photographs of the area A in Fig. E-1. 
and d represent area B in Fig. E-1. 
the contrast varies with average atomic number. 

We will show later that the concentration of 

Figure E-2a 

Figure E-2c 
In the specimen current presentation 

The dark areas were 

a .  Specimen Current, Area A 

Y-6860 I 

b. Phosphorus-Ka X-Rays, Area A 

c .  Specimen Current, Area B d. Phosphorus-Ka X-Rays, Area B 

Fig. E-2. Oscillographic Photographs of Areas A and B shown in 
Fig. E-1. 
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cracks and voids. The bright areas on the photograph represent areas on 

the specimen with average atomic numbers lower than the’surrounding matrix. 
The heterogeneous distribution of phosphorus is evident from Fig. 2b and d. 

mapping method, using a beam s’weep to form a rectangle, phosphorus con- 
centration was also determined.by using a static beam and moving the 
sample in a stepwise motion across the cladding-end-cap interface. The 

concentration profile was obtained in the area and direction indicated 

by a long arrow in area B in Fig. E-1. 
Fig. E-2. The results are tabulated in Table E-3 and plotted in Fig. E-3. 

In addition to point-count analysis using a static beam and x-ray 

The same area is also depicted in 

Table E-3. Concentration of Phosphorus Across 
Cladding-End Cap Interface 

Distance C onc ent rat ion Distance Concentration 
. (l-4 (wt $1 (CL)  (wt $1 

0 

5 

10 

1 5  

20 

25 

28 

30 

32 

33 

34 

35 

~~~ 

0.03 

0.03 

0.03 

0.03 

. 0.02 

0.03 

0.05 

0.10 
0.24 

0.28 

0.27 

‘0.27 

38 

39 

40 

41 

42 

43 

44 

45 

46 

48 

50 

55 

1.13 

2.41 

4.42 

5.76 

8.33 

8.59 

6.50 

1.94 

0.14 

0.05 

0.04 

0.04 

36 0.32 60 0.03 

37 0.45 70 0.04 

80 \ 0.03 

. 
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Fig. E-3. Phosphorus Concentration P ro f i l e  Across Cladding--End Cap 
In te r face .  

It i s  evident from Fig. E-3 and Table E-3 t h a t  t he  concentration of" 

phosphorus i n  the  in te r face  material  (a rea  10 of Fig. E-1) was approxi- 

mately 10 times a s  high a s  tha t  of the  matrix. Furthermore, the  concen- 

t r a t i o n  of phosphorus increased approximately three  hundredfold i n  areas  

such a s  area 11 i n  Fig. E-1; t h i s  area appeared a s  a crack. 

metallographic examination, however, showed it t o  consis t  of a s t r i n g  of 

cracks and a glassy, s lag- l ike phase. The makeup of t h i s  string of 

cracks and s lag- l ike  phase was c l ea r ly  evident from the  specimen current  

image, Fig. E-2. The high concentration of phosphorus decreases sharply 

a t  t he  in te r face  of the  s lag- l ike phase and the  end-cap material .  

Closer 

J 

The same weld, but 180" from the  defective region, was subjected t o  

a microprobe analysis ;  t h i s  region showed no evidence of intergranular  

'" . 
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cracking in either the cladding or end-cap material. The cladding-end- 
cap interface material of this region was compared to that in the defective 

region of the fuel rod for phosphorus concentration. The average phos- 

phorus concentration was 0.3% in the defective region and 0.03% in the 
opposite side of the fuel rod. Heterogeneous distribution of phosphorus 

was noted in both regions analyzed. Chemical analysis, by conventional 

techniques, showed that the cladding and end-cap material contained 

50 and 40 ppm P, respectively. 
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