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SUMMARY 

One method being considered for  interim storage of high-level radio- 

act ive waste materials i s  t o  place these materials in large sealed s ta in-  

l e s s  s tee l  canisters and subsequently s tore  these canis ters  in a second 

sealed s tee l  storage cask. Weld proceduces are  proposed as the closure or 
seal fo r  these vessels. Inspection of these closures to  assure i n i t i a l  and 

long-term in tegr i ty  of the closure welds presents a challenge to  nondestruc- 

t i v e  tes t ing .  The environment i s  thermal ly (400-1000°F) and radioactively 
5 (1 0 R/h r )  hot necessitating remote inspection procedures. 

Under canis ter  development and demonstration programs sponsored by the 

Department of Energy (formerly the Energy Research and Development Admi ni - 
s t r a t ion )  a t  Rockwell Hanford Operations (formerly ARHCO) and Pacific 

Northwest Laboratory ( P N L )  , research was performed to  develop an ul trasoni c 

t e s t  method tha t  could be employed in the environment. As a r e su l t  of the 

work, ul t rasonic  t e s t  techniques were developed fo r  inspecting the f inal  

weld closure of the waste cask. Speci a1 transducers, coup1 i ng techniques 

and f ixtur ing were developed and demonstrated in a mockup t e s t  f a c i l i t y  by 

remotely examining a 2-in. f u l l  penetration weld closure. The examination 

was performed a t  room ambient and a t  a temperature of 200°F. Testing a t  

the desired temperature of 400°F was n o t  completed due t o  a loss in trans- 

ducer performance a t  temperatures in excess of 200°F. However, PNL has 
recently conducted a ser ies  of long-term thermal t e s t s  a t  350°F, and with 

an additional design a1 te ra t ion  the transducers will be capable of long- 
term operation a t  400°F. 

Several features of the inspection system performed successfully. The 
three-point ball system to support the transducers did an excellent job 
fo r  a prototype system. The pressurized ultrasonic couplant and feed system 

performed sa t i s f ac to r i ly  and should n o t  require fur ther  development. The 

couplant spreading concept was ef fec t ive ,  producing a good signal to  noise 

r a t io  a t  operating temperatures. The spring loading of the transducers also 

performed well. 



Upon completion of the mockup t e s t  demonstration, the cask was subjected 

t o  a d r o p  tes t .  The ultrasonic results of the pre- and post-examination of 
two weld closures ( the 2-in. ful l  penetration weld and the threaded plug with 

seal weld) are presented. After the completion of the drop t e s t ,  b o t h  weld 
closures were radiographed. The radiographs verified the ultrasonic exami - 
nation and the presence of weld defects in the same areas. Sectioning of 

the cask closure welds w i t h  metal lographic verification was not completed 

a t  the time of th is  writing. 

As a result  of the experience gained from the Retrievable Surface Storage 

Facility (RSSF) storage cask program, recommendations pertaining to the 

nondestructive engineering development program for Spent Unreprocessed Fuel 

(SURF) storage casks are presented. 



SUMMARY . 
INTRODUCTION . 
REFERENCE BLOCK PREPARATION . 
LABORATORY TESTING . 
TRANSDUCER DEVELOPMENT . 
MECHANICAL FIXTURE DEVELOPMENT 

ULTRASONIC TEST SYSTEM . 
SYSTEM EVALUATION . 
TEST RESULTS . 
RECOMMENDATIONS FOR CONTINUED DEVELOPMENT . 

SURF CASK INSPECTABILITY . 
DEVELOPMENT OF ULTRASONIC TEST TECHNIQUES 
AND PROCEDURES . 
DEVELOPMENT OF AN ULTRASONIC TEST SYSTEM TO 
DEMONSTRATE INSPECTION CAPABILITY . 

REFERENCES 

. iii 



FIGURES 

Full Penetration Weld for RSSF Cask 1 

Location and Orientation of Notches in 
the Reference Weld Sample 3 

5 Ul trasoni c Reference Bl ock . - 
Ultrasonic Response t o  S l i t  Saw Notch Depth 
for the 2-in. Full Penetration Weld 7 

Mechanical Fixture with High Temperature Transducers . 9 

Mechanical Fixture Positioned for Inspection . 10 

Block Diagram of the Demonstration System 
Used for the Ultrasonic Test . 11 

Demonstration Setup Showing the 
Ultrasonic Inspection System . 1 2  

Ul trasonic Examination Results for the 
F u l l  Penetration Weld . 14 

Ultrasonic Examination Results for the 
Threaded Plug  Closure . 15 

Threaded Pl  ug with Seal Closure 
Weld for RSSF Cask . 16 



ULTRASONIC INSPECTION TECHNIQUES FOR TWO WELD 

CLOSURES PROPOSED FOR RSSF WASTE STORAGE CASKS 

INTRODUCTION 

The 2 - i n .  f u l l  p e n e t r a t i o n  weld c l o s u r e  techn ique  i s  t h e  f o u r t h  i n  t h e  

s e r i  es o f  proposed R e t r i e v a b l e  Sur face  Storage Fac i  1  i ty  (RSSF) waste cask 

c l o s u r e  concepts.  I n  t h i s  s tudy ,  t h e  2 - i n .  f u l l  p e n e t r a t i o n  weld c l osu re ,  

shown i n  F i g u r e  1, was i nspec ted  w i t h  u l t r asound .  Be fo re  t h i s  research  was 

c a r r i e d  ou t ,  u l t r a s o n i c  i n s p e c t i o n  techniques were developed f o r  t h r e e  o t h e r  

weld c l osu res .  They were a  f u l l  p e n e t r a t i o n  b u t t  j o i n t  c l osu re ,  a mu1 t i - p l a t e  

f i l l e t  c l osu re ,  and a  th readed p lug  w i t h  seal  c l o s u r e  weld.  ( 1  

19" .ud 4 D l  AMETER . 15314" 

FIGURE 1. F u l l  P e n e t r a t i o n  Weld f o r  RSSF Cask 



The ultrasonic examination of the b u t t  joint ,  f i l l e t ,  and seal closure 

welds was limited to laboratory contact testing a t  room ambient using a 

representative closure specimen. In addition t o  the laboratory testing of 

the 2-in. ful l  penetration weld, Pacific Northwest Laboratory ( P N L )  was con- 

tracted t o  develop an ultrasonic inspection system capable of remote operation 

a t  temperatures between 400 and 500°F. This would be the anticipated cask - 
temperature in a i r  i f  the cask were f i l l ed  with high-level radioactive waste. 
To accomplish the ultrasonic inspection PNL fabricated special high-temperature 

transducers and a special mechanical fixture which positioned and coupled 

the transducers t o  the RSSF cask. Upon completion of the remote high-tempera- 

ture inspection, the RSSF cask was d r o p  tested and again inspected to evaluate 
closure integrity. Two d r o p  t e s t s  were conducted by Rockwell Hanford Operations 

(Rockwell ) w i t h  the 2-in. ful l  penetration weld and the threaded plug w i t h  

seal closure weld inspected af ter  each drop. (One closure type was on each 

end of the cask. ) 

This report presents a discussion of the work effor t  for the develop- 

ment of the remote hi gh-temperature ul trasoni c inspection system. Areas 

of concern pertaining t o  this  development effort  were: 

reference specimen, 

ultrasonic t e s t  technique, 
h i  gh- temperature transducer fabrication, 

remote mechanical f ixture,  

ultrasonic system operation, and 
ultrasonic data resulting from the testing program. 



REFERENCE BLOCK PREPARATION 

The c a l i b r a t i o n  notches were made i n  a  r e p r e s e n t a t i v e  we ld  sample p rov ided  

by Rockwel l .  A  s tudy  was conducted t o  determine t h e  most c o s t - e f f e c t i v e  means 

o f  p roduc ing  r e p r e s e n t a t i v e  machined notches. The notches f a b r i c a t e d  by t h e  

use o f  s l i t  saws, end m i l  1  s, and e l e c t r o - d i s c h a r g e  machin ing (EDM) were v e r y  

s i m i l a r  u l t r a s o n i c a l l y ;  however, t h e  s l i t  saw notches a r e  cons ide rab l y  l e s s  

expensive t o  machi ne. 

A s e r i e s  o f  f i v e  r e p r e s e n t a t i v e  s l i t  saw notches were machined i n t o  t h e  

t e s t  specimen a t  t h e  crown and t h e  r o o t  o f  t h e  weld. F i g u r e  2 shows t h e  

l o c a t i o n  and o r i e n t a t i o n  o f  t h e  notches.  The o r i e n t a t i o n  o f  t h e  machined 

notches was s e l e c t e d  on t h e  m e t a l l u r g i c a l  bas i s  t h a t  f l a w s  and weld d e f e c t s  

a r e  l i k e l y  t o  occur  a l ong  t h e  h e a t - a f f e c t e d  zone ( i . e . ,  weld i n t e r f a c e ) .  

As a  r e s u l t  o f  cask c l o s u r e  geometry, t h e  h e a t - a f f e c t e d  zone i s  a t  an angu la r  

o r i e n t a t i o n  o f  +15O a t  t h e  crown ( r e f e r e n c e d  t o  a  O0 weld c e n t e r l i n e )  and +30° 

a t  t h e  r o o t  o f  t h e  weld. I n  a d d i t i o n  t o  f l aws  o c c u r r i n g  i n  t h e  h e a t - a f f e c t e d  

t r a n s i t i o n  zone, f r a c t u r e  mechanics a n a l y s i s  has shown t h a t  f l aws  o f  equal 

NOTCHES 

FIGURE 2 .  L o c a t i o n  and O r i e n t a t i o n  o f  S l i t  Saw 
Notches i n  t h e  Reference Weld Sample 



severi ty  could r e su l t  a t  the center of the weld crown and root areas. With 

the information derived from the f rac ture  mechanics analysis ,  PNL constructed 

a representative reference block (Figure 3 ) .  The reference block contained 
s l i t  saw notches a t  angle orientations of +15" and +30° a t  a depth of 0.3 i n .  

a t  the crown and root of the weld, respectively. In addition, three machined 

notches, a t  depths of 0.1, 0.3 and 0.5 i n .  along the 0" center l ine position, 
were added to  the reference block t o  provide defect sizing information and 

a level of system sens i t iv i ty .  

LABORATORY TESTlNG 

Using the developed reference block, t e s t s  were conducted to  determine 

the optimum inspection technique for crown and root examination. Both 

longitudinal and shear mode techniques were investigated using 2.25 MHz and 

5 MHz transducers of the s izes  l i s t ed  in Table 1 .  A Sperry 771 Reflectoscope 

w i t h  a I O N  P/R was used as the ultrasonic pulser/receiver for  the laboratory 
testf  n g .  

As a r e su l t  of the laboratory test ing program, an optimum inspection 

technique was established which requires a transducer positioned on the 
s ide of the cask and on  top of the cover plate.  The inspection of the weld 

crown i s  performed using a 0.5-in. diameter transducer, a t  2 .25  MHz, w i t h  a 

longitudinal wave propagating a t  an angle of 15" into the crown of the weld. 
This examination i s  accomplished w i t h  a transducer located on the s ide of the 
cask. The root inspection i s  achieved using a 0.25- by 1.0-in. transducer, 
a t  2.25 MHz, w i t h  a shear wave propagating a t  an  angle of 60' into the root 
of the weld. This examination i s  accomplished with a transducer located on 

top of the cover plate.  The resul ts  of the longitudinal and shear t e s t s  on 

the reference block are  presented in Figure 4. 

Figure 4 shows a plot of the re la t ive  amplitude response versus notch 

depth. The amplitude response to  0.3-in. notches i s  60% or greater regardless 

of angular or ientat ion.  For 0.5-in. notches a minimum reponse of 80% i s  



A. Crown Notches 

B. Root Notches 

FIGURE 3. U l t rason ic  Reference Block 



L o n g i t u d i n a l  Technique 

Shear Mode Technique - 

TABLE 1. S i z e  and Frequency o f  P i e z o e l e c t r i c  
E l  ements I n v e s t i g a t e d  

Propagat ion 
Angle S i z e  

0.5 i n .  x 1.0 i n .  

0.75 i n .  x 1 .0  i n .  

0.25 i n .  x 1 .0  i n .  

0.25 i n .  x 0.3125 i n .  

0 .5- in .  d iameter  

0.75 i n .  x 1.0 i n .  

0 .5 - in .  d iameter  

0 .5- in .  d iameter  

0.75 i n .  x 1.0 i n .  

0.25 i n .  x 1.0 i n .  

0.25 i n .  x 1.0 i n .  

Frequency 

2.25 MHz 

2.25 MHz 

2.25 MHz 

2.25 MHz 

5.0 MHz 

2.25 MHz 

2.25 MHz 

2.25 MHz 

2.25 MHz 

2.25 MHz 

2.25 MHz 

60" 0 .5- in .  d iameter  2.25 MHz 

60" 0.25 i n .  x 1.0 i n .  2.25 MHz 

Wedge M a t e r i a l  

~ a c o r @  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  and vespel  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  

p l a s t i c  



A .  Weld Root Notch Depth ( i nches )  
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- WELD ROOT SHEAR TEST 
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B. Weld Crown Notch Depth ( i nches )  
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FIGURE 4. U l t r a s o n i c  Response t o  S l i t  Saw Notch Depth 
f o r  t h e  2- in .  F u l l  Pene t ra t i on  Weld 

LL 



achievable. Notches in the  range of 0.1 in .  a r e  de tec tab le ,  and serve t o  

evaluate t e s t  s e n s i t i v i t y .  However, a  0.1-in. flaw has a very low probab i l i ty  

of growth t h a t  niight threaten the  i n t e g r i t y  of the  cask. The data show a 

nonlinear response t h a t  assures a high degree of t e s t  confidence f o r  detec- 

t i ng  the l a rge r  flaws of i n t e r e s t .  

TRANSDUCER .DEVELOPMENT 

High temperature transducers were designed t o  withstand thermal surface  

temperatures between 400 and 500°F. Special bonding agents were used t o  

bond the  p iezoe lec t r i c  elements t o  the  se lec ted  wedge material  . In add i t ion ,  

specia l  t ransducer backing and damping material  was used t o  achieve optimum 

transducer performance. 

The transducer wedges were fabr ica ted from high densi ty  graphi te ,  Macor @ ( a )  . 

(a  ceramic),  and Aerotherm @ . ( b )  The graphi te  exh ib i t s  the  best  high tempara- 

t u r e  performance w i t h  e s s en t i a l l y  no change in  u l t rason ic  veloci ty  u p  t o  

600°F. The high densi ty  graphi te  was se lected as the  primary wedge material  

f o r  the  demonstration t e s t  with backup transducer wedges constructed using 

MacorB and AerothermB. 

MECHANICAL FIXTURE DEVELOPMENT 

A mechanical f i x t u r e  was developed which was used t o  posit ion and hold 

the  transducers as the  waste cask ro ta ted .  The f i x t u r e  was designed with the  

knowledge t h a t  horizontal , ver t i ca l  , and angular posit ioning was avai l  abl e 

i f  the  f i x t u r e  could be at tached t o  the  weld head assembly system. A dove- 

t a i l  bracket was constructed to  adapt the  f i x t u r e  t o  the  weld head assembly. 

Figure 5 shows the  mechanical f i x t u r e  w i t h  associated transducers.  Also 

shown i n  Figure 5 i s  the  three-point  r o l l i ng  bail t ransducer support system, 

which ad jus t s  f o r  desired couplant l ayer  thickness.  In add i t ion ,  spring 

loading was provided t o  pressure couple the  transducers t o  the  cask. Figure 6 

shows the  mechanical f i x t u r e  positioned fo r  inspection of t he  cask. . 
( a )  Trademark of the  Corning Glass Co. 
( b )  Trademark of the  Aerotect Corporation. 



FIGURE 5. Mechanical Fixture with High Temperature Transducers 



FIGURE 6. Mechanical F i x t u re  Posi t ioned f o r  Inspect ion 



ULTRASON I C TEST SYSTEM 

Figure 7 shows a schematic representation of the demonstration ul t rasonic  

t e s t  system for  RSSF Cask inspection. The system consists of a Branson 303 

ultrasonic pulser/receiver with a Hewlett-Packard two-channel s t r i p  chart  

recorder connected to  the gated output of the Branson 303. A Tektronix 454 

osci 1 loscope i s  connected t o  the Branson 303 fo r  photographing specif ic  

ultrasonic reponse data. The two-channel chart  recorder provided an on-1 i  ne 

record of the ultrasonic response during the remote scanning operation. 
The second channel indicated the response from defects which were greater 

than the 50% accept/reject threshold. The a i r  supply provided 30 psi of 

pressure to  the high temperature ultrasonic couplant ( ~ y r o g e l ' ( ~ ) )  holding 
tank. During operation, appropriate valves are  sequentially opened and 
couplant i s  fed to  the transducers and uniformly spread about the cask 

surface. Figure 8 shows the mockup hot cel l  t e s t  f a c i l i t y  with the ultrasonic 
t e s t  system. 

VALVE - 
4 w 

UT COUPLANT A I R  - 
HOLD l NG TANK SUPPLY 

., 

HEWLETT-PACKARD TE KTRON l X 454 
CHART RECORDER OSCl LLOSCOPE 

I CASK 

FIGURE 7. Block Diagram of the Demonstration System 
Used f o r  the Ul trasoni c Test 

(6) Trademark of the Echo Laboratories. 



FIGURE 8. Demonstration Setup Showing t h e  
U l t r a s o n i c  I nspec t i on  System 



SYSTEM EVALUATION 

The ma jo r  problem encountered i n  t h e  program was t h e  f a i l u r e  t o  o b t a i n  

a  s u f f i c i e n t  bond between t h e  l e a d  metaniobate p i e z o e l e c t r i c  element and t h e  

s e l e c t e d  wedge m a t e r i a l .  S i l v e r  conduc t i ve  epoxy, r a t e d  a t  500°F, was used 

f o r  t h i s  bond. Prev ious work o f  s i m i l a r  a p p l i c a t i o n  a t  Westinghouse Hanfo rd  

demonstrated t h a t  t h e  s i l v e r  epoxy performed s a t i s f a c t o r i l y  a t  temperatures 

between 400 and 500°F. However, i n  t h i s  p a r t i c u l a r  appl  i c a t i o n ,  s i g n i f i c a n t  

l o s s  o f  u l t r a s o u n d  occur red  a f t e r  s h o r t  exposures t o  temperatures rang ing  

f rom 200 t o  450°F. Because o f  t h i s  s i g n a l  l oss ,  i n s p e c t i o n  o f  t h e  cask weld 

a t  400°F was n o t  completed. A scan o f  t h e  cask weld was s u c c e s s f u l l y  performed 

a t  a  temperature o f  200°F. Due t o  t h e  t ime  c o n s t r a i n t s  o f  t h e  program, 

l a b o r a t o r y  t e s t i n g  o f  t h e  t ransducers  a t  temperature d i d  n o t  t a k e  p l ace  

b e f o r e  t h e  mockup demonstrat ion.  Recent l y ,  PNL has t e s t e d  t ransducers  u s i n g  

S t y c a s t  2762 F T @ , ( ~ )  a  h igh- tempera tu re  epoxy. The t e s t s  have shown t h a t  t h e  

p resen t  t ransducers  per fo rm s a t i s f a c t o r i l y  a t  350°F d u r i n g  a  72-hr t e s t  

pe r i od .  W i th  an a d d i t i o n a l  des ign  a l t e r a t i o n ,  t h e  t ransducer  w i l l  be capable 

o f  long- te rm o p e r a t i o n  a t  400°F. 

Another  key problem t h a t  su r f aced  d u r i n g  t h e  demons t ra t ion  phase was t h a t  

t h e  a t t emp t  t o  c a l i b r a t e  t h e  system u s i n g  a  r e f e r e n c e  t a r g e t  r e s u l t e d  i n  a  

t o t a l l y  u n s a t i s f a c t o r y  r e f e r e n c i n g  procedure. A dynamic re fe rence  system i s  

needed. The i d e a l  system would c o n s i s t  o f  a  r e f e r e n c e  b lock ,  a  t u r n t a b l e  f o r  

r o t a t i o n ,  and a  h e a t i n g  system which enables dynamic t a r g e t  r e f e r e n c i n g  a t  

temperature.  Th i s  sugges t ion  i s  d iscussed f u r t h e r  i n  t h e  s e c t i o n  on f u t u r e  

recommendations. 

Severa l  f e a t u r e s  o f  t h e  i n s p e c t i o n  system performed s u c c e s s f u l l y .  

The t h r e e - p o i n t  b a l l  system t o  suppor t  t h e  t ransducers  d i d  an e x c e l l e n t  j o b  

f o r  a  p r o t o t y p e  system. The p ressu r i zed  u l t r a s o n i c  coup lan t  and feed  system 

performed s a t i s f a c t o r i l y  and should n o t  r e q u i r e  f u r t h e r  development. The 

coup lan t  spreading concept  was e f f e c t i v e ,  p roduc ing  a  good s i g n a l  t o  n o i s e  

r a t i o  a t  o p e r a t i n g  temperatures.  The s p r i n g  l o a d i n g  o f  t h e  t ransducers  a l s o  

( a )  Trademark o f  Emerson and Cuming, I n c .  



performed w e l l ,  a l t hough  t h e  f i x t u r e  d i d  have a  tendency t o  t w i s t  coun te r -  

c l ockw ise  under p ressure  and thus  cause t h e  t ransducer  on t h e  su r f ace  o f t h e  

cask t o  l i f t  s l i g h t l y .  However, t h i s  was a l l e v i a t e d  by reduc ing  t h e  s p r i n g  

1  oad. 

TEST RESULTS 

The t e s t  r e s u l t s  f o r  t h e  2 - in .  f u l l  p e n e t r a t i o n  weld, and t h e  th readed 

p l u g  and sea l  we ld  a r e  presented i n  F igures  9 and 10, r e s p e c t i v e l y .  F igures  9 

and 10 show t h e  p re -d rop  and pos t -d rop  da ta  w i t h  t h e  impact  area des igna ted  

f o r  each weld c l o s u r e .  

The 2 - i n .  f u l l  p e n e t r a t i o n  weld i n s p e c t i o n  r e s u l t s  were produced u s i n g  

bo th  t h e  c o n t a c t  hand i n s p e c t i o n  and t h e  remote i n s p e c t i o n  techn ique .  The 

r e s u l t s  o b t a i n e d  u s i n g  t h e  remote i n s p e c t i o n  techn ique  w i t h  o n - l i n e  s t r i p  

c h a r t  r e c o r d i n g  were i d e n t i c a l  t o  t h e  da ta  produced w i t h  t h e  c o n t a c t  t e s t s .  

The pos t -d rop  r e s u l t s  ( f r om t h e  f u l l  p e n e t r a t i o n  c l o s u r e ) ,  show t h a t  t h e  c racks  

de tec ted  p r i o r  t o  t h e  drop had a p p a r e n t l y  c l osed  s l i g h t l y  as a  r e s u l t  o f  t h e  

d rop  t e s t .  
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FIGURE 9. U l t r a s o n i c  Examinat ion Resu l t s  f o r  t h e  F u l l  P e n e t r a t i o n  Weld 
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FIGURE 10. Ul trasonic Examination Results for the Threaded Plug Closure 

The ultrasonic tes t ing  of the threaded plug and seal closure weld (shown 

in Figure 1 1 )  was carried out using a 60" shear propagation angle with a 0.5-in. 

diameter and 2.25-MHz transducer. The tes t ing  was performed using the hand 

contact inspection technique. The post-drop resu l t s  of Figure 10 show tha t  

a s l i g h t  crack growth produced an increase in amplitude response. However, 

the changes shown a re  minor and ref1 ec t ,  in par t ,  variations in transducers 

used, couplant layer thickness, and operator dependence. 

RECOMMENDATIONS FOR CONTINUED DEVELOPMENT 

This program originated under the Atlantic Richfi el d Hanford Company 

RSSF Storage Cask Program. Since that  time the program has shif ted emphasis 

and i s  now being conducted by Rockwell. The RSSF program has been delayed 

and the new emphasis i s  on spent unreprocessed fuel (SURF) f a c i l i t i e s .  The 

SURF storage requires a container with performance c r i t e r i a  which are  quite . 
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FIGURE 11 . Threaded Pl ug with Seal Closure We1 d for RSSF Cask 

similar to the RSSF performance standards. As a result of the experience 

gained from the RSSF storage cask program, recommendations pertaining to the 

nondestructive engineering development for the SURF program are presented. 

The anticipated licensing requirements have been the guide for assessing 
the different nondestructive examination (NDE) techniques. All NDE techniques 
were reviewed as to their applicability in performing the inspection. As 
a result of the review, radiography, ultrasonics, and helium leak testing 
showed the highest potential for success in inspecting the weld closure. 
However, radiography was ruled out because of the anticipated thermal environ- 

ment and high background radiation encountered in the process cell and the 

weld designs. The only other known i icensable a1 ternative is a two-technique 

system consisting of helium leak testing and ultrasonic test inspection. The 
helium leak test indicates the level of gas-tightness of the weld and the 

ultrasonic test indicates the size, location and orientation of defects 

within the weld. These techniques complement one another and will detect all 

weld flaws of concern. For example, a worm hole through the weld would be 



found w i t h  the  hel ium leak  t e s t  and poss ib l y  missed w i t h  the  u l t r a s o n i c  t e s t .  

However, any subsurface f l a w  would be missed by the  hel ium leak  t e s t  and 

l oca ted  w i t h  t h e  u l t r a s o n i c  t e s t .  

The hel ium leak  t e s t  has n o t  been addressed i n  t h i s  study, bu t  should be 

considered a t  an e a r l y  da te  i n  f u t u r e  work. The problems o f  h igh  temperature, 

h igh  r a d i a t i o n  doses, remote opera t ion ,  and vacuum seals f o r  t he  hel ium t e s t  

should be incorpora ted  w i t h  the  phi losophy o f  containment and processing. 

Other impor tan t  cons idera t ions  i n c l u d e  weld-surface p repa ra t i on  requirements 

and t o t a l  t ime t o  perform a l l  NDE inspect ions .  Decisions must a l s o  be made 

as t o  whether t o  have one containment b a r r i e r  o r  two, and whether t o  i nc lude  

c losu re  weld t e s t i n g  o n l y  o r  complete overpack examinat ion as w e l l  as p e r i o d i c  

i n - s e r v i c e  weld examination. 

The recommendations t h a t  f o l l o w  a r e  designed t o  summarize the  problem 

areas t h a t  e x i s t  and prov ide  s o l u t i o n s  t h a t  w i l l  i n s u r e  a  developed u l t r a -  

son ic  i n s p e c t i o n  system. The i nspec t i on  system w i l l  proceed through th ree  

developmental stages: a) t h e  de terminat ion  o f  t he  f e a s i b i l i t y  o f  t he  inspec- 

t i o n ,  b)  l a b o r a t o r y  development o f  the  i n s p e c t i o n  technique, and c )  mockup 

p r o o f  t e s t i n g  o f  t h e  remote u l t r a s o n i c  system. 

PNL proposes t h a t  a  three-phase program be es tab l ished.  The t h r e e  phases 

o f  t h e  development program are :  

Phase 1  - SURF cask inspectab i  1  i ty  

Phase 2 - Development of u l t r a s o n i c  t e s t  technique and t e s t  procedure 

Phase 3 - Development o f  an u l t r a s o n i c  t e s t  system t o  demonstrate inspec- 

t i o n  c a p a b i l i t y .  

SURF CASK INSPECTABILITY 

The work i n  t h i s  phase i s  t o  d e f i n e  t h e  i n s p e c t i o n  c r i t e r i a  and l i s t  a l l  

cons t ra in t s ,  assess the  a p p l i c a b i l i t y  o f  t he  NDE methods, i n i t i a t e  some pre- 

l i m i n a r y  ma te r i a l  t e s t i n g ,  and make the  requirements f o r  NDE known t o  t h e  

we1 d  c l o s u r e  designers t o  assure inspectab i  1  i ty.  



The following parameters must be established t o  guide the N D E  design: 

a )  maximum temperature of the cask surface during the N D E  inspection, b )  anti- 

ci pated radiation dosage, c)  cask configuration, d )  closure technique, and 

e )  time t o  perform a l l  the N D E  inspections (ultrasonic t e s t  and helium leak 
t e s t )  with a performance requirement for each NDE method. 

Once the parameters have been establ i shed, then those anticipated mate- 

r i a l s  proposed for the NDE development can be evaluated. For example, the 
ultrasonic bonding agent Stycast 2762 FT works well a t  high temperatures and 

i s  radiation resistant.  Will i t  continue t o  perform a t  high temperatures 

af ter  accumulating significant radiation dosage? Laboratory tes t s  can begin 

immediately t o  answer the material performance questions. 

The work detailed in the next two phases i s  specified for ultrasonic 

inspection, a1 though the development of any other NDE method would follow the 
same format. 

DEVELOPMENT OF ULTRASONIC TEST TECHNIQUES AND PROCEDURES 

The baseline data developed for Phase 1 i s  utilized as input for the 

laboratory development and testing of Phase 2 .  The Phase 2 work effort  i s  

divided into four tasks. 

A laboratory t e s t  standard representative of the closure weld will be 

developed to establish instrumentation sensitivity. 

The ultrasonic t e s t  techniques will be established. 

Hi gh-temperature and radiation-resi stant transducers wi 11 be developed 
with sufficient performance data to predict lifetime in the anticipated 
SURF t e s t  environment. 

The performance capability of the t e s t  will be demonstrated. 

Transducer unbonding arising from high temperature stresses was the 

major problem encountered in the RSSF program. Recent testing a t  PNL has 

demonstrated successful transducer performance a t  temperatures of 400°F for 

three hours. 



DEVELOPMENT OF AN ULTRASONIC TEST SYSTEM 
TO DEMONSTRATE INSPECTION CAPABILITY 

The Phase 3 effort would involve a laboratory mockup facility for system 

development and testing. A special mechanical fixture will be designed, con- 

structed, and tested by PNL at this laboratory mockup facility. Upon com- 

pletion of the mockup testing and debugging, a performance demonstration of 

the inspection system, at the designated SURF facility or demonstration SURF 

facility, will commence. The Phase 3 work effort is divided into four tasks. 

A laboratory mockup facility will be established for prototype-system 

testing and debugging. 

Mechanical fixtures will be developed (or the RSSF fixture wi 11 be modi- 
fied) for cask inspection. 

The performance capability of the remote ultrasonic inspection system 

will be demonstrated using the laboratory mockup facility. 

Actual proof testing of the prototype ultrasonic system will be performed 

at the designated test facility. 
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