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ULTRASONIC UNDER-SODIUM VIEWING 

• SYSTEM DEVELOPMENT FOR THE FFTF 

by 

R. N. Ord and R. W. Smith 

Physical Measurements 

INTRODUCTION 

A problem associated with the use of a liquid metal for reactor cooling 

is its opacity to light. This prevents using techniques such as closed cir

cuit television in regions of the reactor where fuel handling, duct identifi

cation, location of foreign objects and equipment maneuvers take place during 

reactor shutdown. The problem of opacity can be overcome by the in-vessel use 

of an ultrasonic scanning system having the capability of reconstructing three-

dimensional images of the components or objects being scanned by a beam of ul

trasonic energy. 

For the FFTF, our work focuses on the development of the ultrasonic-

scanner for use during shutdown in temperatures of 400° to 500°F and in a gamma 
5 

radiation environment up to 10 R/hr. With continued development of new trans
ducers, operation of the scanner at higher temperatures may become possible. 

SUMMARY 

This paper describes the Fast Flux Test Facility (FFTF) under-sodium 

viewing system development at the Hanford Engineering Development Laboratory, 

operated by the Westinghouse Hanford Company under contract to the U. S. Atomic 

Energy Commission. 

Initial developmental tests of the ultrasonic transducer were performed 

in an cpen sodium vessel in a glove box. Although these tests gave very pro

mising results, problems occurred ir achieving "wetting" by the liquid sodium 

of the faceplate of the ultrasonic trarsducer and in obtaining uniform signals 

reflected from the surfaces of the targets. Since the initial tests, consid

erable further experimental work has resulted in understanding the wetting 

and uniformity problems and in the development of appropriate scanning tech

niques to produce proper image displays. 

A more rapid method of scanning using a rotating scanning head has beer-

developed. Both side--viewing (for distance observation) and down-viewing 



(for high resolution observation) ultrasonic transducers will be incorporated 

in the prototype scanner concept. A developed three-dimensional perspective 

imaging method, termed "ISO-SCAN", uses the technique of time-of-flight of the 

ultrasonic pulse from the scanning transducer to the target surface and the 

position coordinates of the scanner head. 

DISCUSSION 

In the FFTF and in LMFBRs, there will be a need to "see" through the 

liquid sodium during reactor shutdown. The applications for the under-sodium 

viewing system in the FFTF are listed in Figure 1: 

' Visually observe the core region to insure that handling 

machinery and other moving mechanisms can be maneuvered 

properly. 

• Determine the elevation profile of the fuel duct assemblies. 

Identify each duct assembly. 

Determine the operability of the fuel handling machine, 

including the grapple mechanism. 

Evaluate the condition of the duct assembly handling sockets. 

Evaluate the condition of the instrument tree mechanisms. 

Check the operability and condition of the core restraint 

arms and jaws, if accessible. 

Provide calibration backup for determining handling machinery 

accuracy and position. 

Visualize azimuthal motion of the duct assemblies release or 

application of the core restraint system. 

Ultrasonic pulse-echo methods offer a means for accomplishing the re

quired noncontacting sensing. Our approach has been to immerse the transducer 

assembly containing a lead-zirconate-titanate (PZT) active element into the 

liquid sodium, and by mechanical means, move the sensor in a prescribed manner 

about the target region of interest. We operate in the 400 to 500°F tempera

ture range, thus a problem arises due to difficulty in achieving "wetting" of 

the stainless steel faceplate of the transducer. 

n % H 
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Figure 2 shows temperature effects of sodium wetting on various materials, 

our interest being the 304L stainless steel. For sound energy to couple from 

the transducer face to the sodium and back in sodium at less than about 750°F, 

we have found it necessary to deposit a yery thin layer of gold onto the sur

face of the stainless steel faceplate. This method keeps the surface clean and 

prevents oxidation. In the sodium, the gold immediately dissolves, thus expos

ing the clean transducer face to the sodium. Using this technique, we have 

achieved signal levels in 450°F sodium of about 50% of those obtained in water. 

The amount of oxygen in the sodium strongly influences the rapidity and degree 

of wetting. However, this should be a minor problem in a flowing sodium system, 

such as FFTF, where the oxygen content will be a few PPM. 

Figure 3 shows ultrasonic transmission for various frequencies in liquid 

sodium. For a 5 MHz signal, several feet can be traversed for a 50% attenuation. 

It should be apparent that a "trade-off" exists between target resolution and 

travel distance. The higher the frequency, the better the resolution; however, 

the path distance decreases. 

We accomplished our initial scanning in sodium using an X-Y translation 

configuration. Figure 4 shows a more advanced version. We translated the trans

ducer in a raster pattern in liquid sodium above the target of interest. Digital 

stepping motors, controlled by a pre-set index module, were used to move the 

transducer in the desired directions with the correct span widths. Linear poten-

tiometers provided the coordinate information, and by properly setting the ul

trasonic reflected signal windows, we obtained an iso-metric image written on a 

CRT memory screen as the scanning took place. We add the coordinate voltages 

and the time-of-flight signal to produce an Euler angle projection of the image 

on the screen. In operation, the transducer will be perpendicular to the tar

get surfaces; however, the image can be rotated to produce various perspectives 

of the object. A newer scanner uses a small computer to perform the image ro

tations and to store the necessary voltages without the necessity of rescanning 

the target. 

Figure 5 shows our "open pot" X-Y scanner system, as photographed through 

the window of the glove box. The transducer can be seen immersed in the liquid 

sodium. 

Figure 6 shows the results of our first scanning experiments. We scanned 

the 0.25-in. thick discs, seen on the left, both in water and sodium. Note that 

dark regions appear in the sodium scan. These regions occur where no reflected 



sound energy is returned to the transducer; this condition results from lack 

of "wetting" on the surface of the disc where gas bubbles or other phenomena 

reflected the sound out of the transducer pickup region. Verification of 

this fact can be seen in Figure 7 where the regions on the discs lacking soli

dified sodium can be correlated directly with the dark areas on the image. 

Figure 8 shows both in-water and in-sodium scans of a nut. Notice the 

non-uniformities of the bottom surface of the sodium tank. These resulted 

both from lack of full "wetting" and from reduced ultrasonic signal strength. 

Again, the "wetting" problem is primarily a function of time, temperature, and 

oxygen content of the sodium. We do not expect this problem to exist in the 

FFTF. 

Figures 9 and 10 show scans made in water and liquid sodium of a disc 

with lettering on it. The writing is about 60 mils wide and deep. The sodium 

scan can barely be discerned; however, this is one of our first attempts. We 

believe that considerable improvement can be achieved by optimizing the trans

ducer focusing properties, by decreasing the oxygen content of the sodium, and 

by other scanning improvements as the development work continues. ' 
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• VISUALLY OBSERVE THE CORE REGION TO INSURE THAT HANDLING MACHINERY 
AND OTHER MOVING MECHANISMS CAN BE MANEUVERED PROPERLY. 

© DETERMINE THE ELEVATION PROFILE OF THE FUEL DUCT ASSEMBLIES. 

o IDENTIFY EACH DUCT ASSEMBLY. 

© DETERMINE THE OPERABILITY OF THE FUEL HANDLING MACHINE, INCLUDING 
THE GRAPPLE MECHANISM. 

• EVALUATE THE CONDITION OF THE DUCT ASSEMBLY HANDLING SOCKETS. 

• EVALUATE THE CONDITION OF THE INSTRUMENT TREE MECHANISMS. 

© CHECK THE OPERABILITY AND CONDITION OF THE CORE RESTRAINT ARMS 
AND JAWS, IF ACCESSIBLE. 

@ PROVIDE CALIBRATION BACKUP FOR DETERMINING HANDLING MACHINERY 
ACCURACY AND POSITION. 

© VISUALIZE AZIMUTHAL MOTION OF THE DUCT ASSEMBLIES ON RELEASE OR 
APPLICATION OF THE CORE RESTRAINT SYSTEM. 

FIGURE 1. APPLICATIONS OF UNDER-SODIUM VIEWING TO THE FFTF 
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