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DEVELOPMENT OF ULTRASONIC TECHNIQUES FOR THE REMOTE MEASUREMENT 

OF THE HRT CORE VESSEL WALL THICKNESS 

R .  W.  McClung and K. V.  Cook 

INTRODUCTION 

The Homogeneous Reactor Experiment which has been operated a t  t h e  

Oak Ridge Nat ional  Laboratory c o n s i s t s  of a 5-Mw t e s t  r e a c t o r  designed 

and cons t ruc ted  t o  s tudy the  many f a c e t s  of aqueous f u e l  r e a c t o r  

technology. The h e a r t  of t h i s  r e a c t o r  i s  a welded pear-shaped core 

v e s s e l  f a b r i c a t e d  from Zircaloy-2 with a w a l l  t h i ckness  of approx 

5/16 i n .  There was concern over t h e  p o s s i b i l i t y  of cor ros ion  o r  

e ros ion  causing excessive th inning  of t h e  v e s s e l  wal l .  For t h i s  

reason, it was necessary t o  develop inspec t ion  techniques t o  measure 

t h i s  w a l l  t h i ckness  a t  pe r iod ic  i n t e r v a l s  dur ing  shutdown f o r  mainte- 

nance. The u l t r a s o n i c  method was chosen a s  t h e  most promising so lu t ion  

f o r  t h i s  d i f f i c u l t  problem. Among t h e  o b s t a c l e s  encountered were the  

high i r r a d i a t i o n  background wi th  t h e  obvious necess i ty  of remote t ech -  

niques and t h e  very small  access  p o r t s  through which t h e  ope ra t ion  

could be conducted. Figure 1 i s  a diagram of t h e  c e n t r a l  p o r t i o n  of 

t h e  Homogeneous Reactor .  This shows t h e  r e l a t i v e  s i z e  and p o s i t i o n  of 

t h e  core v e s s e l  and surrounding b lanket  reg ion  and t h e  access  p o r t s  

i n t o  both sec t ions .  This  paper desc r ibes  t h e  var ious  s t ages  of equip- 

ment and technique development, i . e . ,  t he  evo lu t ion  of a remote u l t r a -  

sonic  in spec t ion  technique.  
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Fig. 1. Cross Section of the HRT Core Vessel and Surrounding Areas. 



PREINSTALLATION MEASmNTS 

A complete survey of t h e  v e s s e l  wa l l  th ickness  was made a f t e r  con- 

s t r u c t i o n  a t  t h e  f a b r i c a t i o n  p l a n t  a t  Newport ~ e w s l  using t h e  resonance 

u l t r a s o n i c  m e t h ~ d . ~  Figure 2 w i l l  a s s i s t  i n  descr ib ing  th2 p r i n c i p l e s  

of t h i s  method. A continuous wave of u l t rasound which i s  generated by 

a p i e z o e l e c t r i c  o r  e l e c t r o s t r i c t i v e  t ransducer  i s  t r ansmi t t ed  through 

a t h i n  f i l m  of couplant i n t o  a  metal  specimen. Ref lec t ions  a r e  obtained 

a t  i n t e r f a c e s  such a s  presented by t h e  su r faces  of t h e  specimen. I f  t h e  

frequency of the  generated sound wave, t h e  sound ve loc i ty ,  and specimen 

th ickness  have t h e  proper r e l a t i o n ,  a  resonant  o r  s tanding wave condit ion 

w i l l  be e s t ab l i shed .  I f  t h e  fundamental o r  harmonic frequ-ncies and 

t h e  sound v e l o c i t y  a r e  known, t h e  th ickness  may be ca lcu la t ed .  The i n -  

spect ion  was performed wi th  a  small  por table  instrument ,  t h e  Audigage, 

which i s  manufactured by Branson Instruments,  I n c . ,  of Stamford, 

Connecticut.  This  small  instrument has a  manually v a r i a b l e  frequency 

and t h e  resonant  condi t ion  which causes increased  loading on t h e  t r a n s -  

ducer i s  noted a s  a  meter d e f l e c t i o n  and/or an increase  i n  volume of an 

audib le  s i g n a l .  This f i r s t  survey with complete a c c e s s i b i l i t y  t o  t h e  

e n t i r e  su r face  a rea  o f fe red  assurance t h a t  t h e  s t a r t i n g  wa l l  th ickness  

was wi th in  t h e  s p e c i f i e d  to l e rances .  

BLANKET REGION MEl4SUFEMENTS 

The v e s s e l  was i n s t a l l e d  and put  i n t o  opera t ion  a s  a  two-region 

system with fuel inside the vessel and a heavy-water blanket surrounding 

t h e  vesse l .  To reduce the  contaninat ion problem which would a r i s e  from 

i n s e r t i n g  and removing t h e  mechanical apparatus,  examination was r e -  

s t r i c t e d  t o  the  b lanket  region.  Thus, t h e  access  was l i m i t e d  t o  a  

'Fabrication History of HRT Core Tank, ORNL CF-58-12-6, p 211. 

2 ~ o b e r t  C .  McMaster ( e d . ) ,  Nondestructive Tes t ing  Handbook, 
pp 50.1-50.42, Vol. 11, Sect ion  50, The Ronald Press  Company, New York, 
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Fig. 2. Resonance Ultrasonic Method for Thickness Measureme 



3-1/2-in. -dim opening. The mechanical fixture shown in Fig. 3 was 

developed to place the ultrasonic transducer firmly on the equator of 

the spherical portion of the core vessel which was 20 ft below the oper- 

ating floor level. The blanket region was filled with water to assure 

the constant presence of couplant between the transducer and the vessel 

wall. The resonance technique was continued using a more sensitive 

ultrasonic instrument, the Vidigage, also manufactured by Branson 

Instruments, Inc. This device automatically sweeps the ultrasonic fre- 

quency through a predetermined band, the conditions of resonance being 

displayed as vertical "pipsu on the screen of a cathode-ray tube. Thus, 

for a material having a known ultrasonic velocity, the face of the screen 

can be calibrated directly in thickness. Several measurements were made 

in this fashion at intervals over a period of more than two years. 

However, this technique allowed measurements at only a single point. 

Obviously, such a system was not sufficient to give an overall view of 

the vessel wall thickness, and, in particular, could not detect the 

possible localized variations. 

MEASUREMENTS FROM THE CORE VESSEL INTERIOR 

After a period of operation as a two-region system, the reactor 

was converted to a one-region system with the fuel and blanket being 

combined both inside and outside the core vessel. This, coupled with 

the increased experience in contaminated region maintenance operations, 

aided in bringing about the next development. A new mechanical apparatus 

was designed which would place the ultrasonic transducer through the 

2-in.-dim access opening which leads into the core vessel. Figure A 

is a photograph of the transducer end of the device. The elbow was 

positioned at the center of the spherical portion of the vessel. Thus, 

the transducer could be directed to any part of the vessel by adjusting 

the elbow angle and rotating the upper arm about its axis. For the 

measurement, the gimbal-mounted transducer was placed firmly against 

the vessel wall by means of a pneumatic piston. The core vessel was 

filled with water to provide adequate couplant between the transducer 

and wall. Special convex transducers were procured to match the inner- 

surface curvature of the core. There was concern over the possibility 
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Fig. 3. Mechanical Fixture for Ultrasonic Resonance 
Measurements from the Blanket Region. 
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Fig. 4. Mechanical Device to Place Ultrasonic Transducer 
at any Point on Spherical Portion of the Vessel. 



of gamma-irradiation damage to the transducers when placed in the core. 

For this reason, one of the transducers was irradiated with x rays for 

a total exposure of lo6 r. Operation of this transducer during and 

after the exposure revealed no significant changes. The only observable 

difference was a slight discoloration of the plastic backing material. 

It had been planned originally to continue with the resonance ultra- 

sonic technique. However, intermediate studies had indicated some 

possibilities for measurement errors. As has been mentioned previously, 

the ultrasonic equipment establishes fundamental or harmonic resonant 

conditions which are then related to the specimen thickness. These 

resonances are affected, in part, by the coupling between the transducer 

and specimen and by the thickness and ultrasonic velocity of the speci- 

men. In practice, calibration is made on a standard of the test material 

of known thickness and the instrument is adjusted to display the proper 

thickness value. For conditions of identical coupling and ultrasonic 

velocity, very accurate thickness measurements can be made. These two 

conditions exist in most cases; however, velocity variations as great 

as 3% have been observed in Zircaloy-2. In addition to this, there 

were known variations in the inner-surface roughness of the core vessel 

which would prevent consistent coupling thickness. With the existing 

equipment, these two factors could produce a significant error due to 

interpretation difficulties. 

PUISE-~IXCTION TECHNIQUE 

To overcome this interpretation problem, a pulse-reflection tech- 

nique was substituted. The drawing in Fig. 5 illustrates this 

technique. A pulse of ultrasound is projected into the sample with 

reflections being received from the far surface. Continued reverbera- 

tion of the sound between the wall surfaces will present multiple echoes. 

Measurement of the time between successive reflections will permit the 

simple calculation for thickness if a nominal value for ultrasonic 

velocity is known. 

3~obert C. McMaster (ed. ) , Nondestructive Testing Handbook, 
pp 43.143.53, Vol. 11, Section 43, The Ronald Press Company, 
New York, 1959. 
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Fig. 5. Pulse-Echo Ultrasonic Measurement of Thickness. 



The multiple echo pa t te rn  was displ-ayed on an oscilloscope and the 

time between successive re f lec t ions  was measured with a ca l ib ra ted  delay 

l i n e .  However, measurements taken d i r e c t l y  on the  oscilloscope were 

somewhat laborious and time consuming, pa r t i cu l a r l y  i f  many were t o  be 

taken. For t h i s  reason, f u r the r  development was accomplished t o  allow 

the assembly of the  equipment outl ined i n  Fig.  6. The instrument i n  

the lower l e f t  port ion of the  diagram generates the  e l e c t r i c a l  s igna l  

which produces the  transmitted u l t rason ic  pulse and detects ,  amplif ies,  

and displays the  received echoes. Measurement of the  time i n t e rva l  

between the  se lected echo pulses i s  expedited by means of the  e l ec t ron i c  

gating c i r cu i t ry  shown i n  the  upper l e f t  port ion of the  drawing. As 

may be seen i n  the  representation of the  cathode-ray tube screen, the  

normal procedure was t o  s e l ec t  pulses and the  associated intervening 

time t o  represent several  t raverses  o r  reverberations of the  u l t rason ic  

pulse between the  surfaces of the  sample. This instrument "feeds" the  

se lected pulses i n  the  proper time re la t ionsh ip  t o  an e lec t ron ic  counter 

which i s  shown a t  the  r i gh t  of the  gating c i r cu i t ry .  The f i r s t  pulse 

t o  t he  counter s t a r t s  the  counting and displays i n  d i g i t a l  form the  

number of cycles of a very precise  10 Mc o s c i l l a t o r .  The second pulse 

i n t o  the  counter stops the  counting, thus providing a d i g i t a l  read-out 

of the  t o t a l  elapsed time between the  se lected pulses.  A r e se t  counter 

was used t o  allow an automatic accumulation or in tegra t ion  of a l a rge  

number of separate measurements of the  se lected in te rva l .  This, of 

course, g rea t ly  reduced the  s t a t i s t i c a l  e r r o r .  A ra ther  i n t e r e s t i ng  

operational  technique permitted the d i r e c t  d i g i t a l  display of the  wall 

thickness. The normal calcula t ion f o r  thickness was by use of the  

equation 

where D = thickness 

t = the  measured time between selected pulses 

V = ul t rason ic  veloci ty  

K = the number of t r i p s  the  pulse made across the  wall  thickness 
during the  measured i n t e rva l .  
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Fig. 6. Block Diagram for Digital Display of Pulse-Echo Ultrasonic Thickness Measurements. 
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The obvious shor t  cut i s  t o  accumulate a number of measurements equal 

t o  the value of V/K, thus e lec t ron ica l ly  performing the mult ipl icat ion 

and providing the  d i g i t a l  read-out of thickness.  This in tegra t ion  i s  

performed very rapidly since cumulative measurements a re  made a t  the  

pulse r epe t i t i on  r a t e  of the  u l t rasonic  generating device (about 

600 pulses/sec) . Figure 7 i s  a photograph of the  equipment which has 

been described. I n  the  lower l e f t  i s  the  instrument which generates 

and displays the  ul t rasonic  pulses; above it i s  the gating c i r cu i t ry ;  

on t he  lower r i gh t  i s  the  e lec t ron ic  counter and above it i s  the preset  

counter used f o r  measurement accumulation. 

Even though the mechanical f i x tu re  was designed f o r  contact i n -  

spection, invest igat ion demonstrated t h a t  the  transducer could be 

removed from intimate contact with the  surface,  thus sending the  sound 

pulse through the  water which f i l l s  the  vessel  i n t o  the  wall.  As a 

matter of f a c t ,  it was necessary t o  operate i n  t h i s  fashion when sur-  

face roughness prevented adequate coupling by the contact method. 

After the  perforated screens were removed from the conical sect ion 

of the core vessel ,  it was desired t o  measure the wall thickness i n  

t h i s  region. To t h i s  end, the  mechanical f i x tu re  shown i n  Fig. 8 was 

developed. As may be seen, t h i s  apparatus re ta ins  the transducer near 

the v e r t i c a l  ax i s  of the  vessel .  Adjustments were made on the  u l t r a -  

sound beam d i rec t ion  by changing the  transducer angle i n  the v e r t i c a l  

plane and by ra i s ing  o r  ro ta t ing  the apparatus along i t s  long ax is .  

Thus the  transducer angle may be f ixed  i n  portions of the conical  sec- 

t i o n  which have constant included angles. Relocation t o  subsequent 

measuring points i s  accomplished by adjustment of the boom. Ver t ica l  

movements along the ax is  w i l l  change the  distance between the t rans-  

ducer and vessel  wall,  but it has been demonstrated t h a t  such changes 

do not a f f e c t  the  accuracy of the  measuring system. The conical sect ion 

has regions of both 90 and 30 deg included angles. Successful measure- 

ments were made i n  both. This device was a l so  tes ted  f o r  i t s  a b i l i t y  

t o  make measurements on the spher ical  sect ion of the vessel  by placing 

the  transducer near the vessel  center.  Very good r e su l t s  were obtained 

despite the  f a c t  t h a t  separation between the  transducer and vessel  wall  



Fig.  7. Photograph of Equipment Outlined i n  Fig. 6. 
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Fig. 8. Mechanical Fixture Designed for Ultrasonic Thickness 
Measurements in Conical Section of HRT Core Vessel. 



was approx 15 in. The same pulse reflection and counting instrumentation 

was used. 

CONCLUSIONS 

The mechanical fixture which retains the transducer in a position 

along the vertical axis of the vessel is the simplest to fabricate and 

operate, the most versatile, and, in addition, it provides the most 

accurate positional data of any of the devices discussed. When combined 

with pulsing and counting instrumentation, it constitutes an excellent 

tool for the remote measurement of the wall thickness. By simple modi- 

fication or redesign of the mechanical apparatus, similar measurements 

could probably be made on other vessel configurations. Ignoring 

possible velocity variations, the accuracy of the present electronic 

system for thickness measurements is better than ' 1%. Some of the 

limitations on present accuracy are due to the pulse-shaping cir- 

cuitry in the ultrasonic generating equipment which was originally 

designed for flaw detection and not for such precise applications. 

These circuits could be improved somewhat; however, for the problem 

at hand, the possible error due to an unknown velocity change over- 

shadows the instrumentation difficulties. The mechanical and elec- 

tronic reproducibility and sensitivity of the present arrangement 

have provided data with a variation of less than ' 1%. 

The authors wish to recognize the early work of J. K. White and 

J. W. Allen, formerly of the Metallura Division; and the valuable 

contribution of E. C. Hise and H. Roller of the Reactor Division 

toward the design of the mechanical fixtures. 
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