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The characteristics of fuel element heat generation, cooling flow, water 

quality and the geometry of the fuel element-tube combination usually 

cauae uneven corrosion around the Interior clrcoherence of Hanford 

reactor process tubes. (See Figure l). Because this uneven corrosion can 

lead to relatively early failure of some tubes, it is economically justifiable 

to periodically Measure residual wall thickness of older process tubes, rather 

than reaove tubes on an elapsed-tine basis. It has been determined by ob

servation of removed tubes that in practically all cases the tubes corrode 

between the ribs and at the top of the tube. These factors led to the 

development of a sector gauge for routine measurement and recording of wall 

thicknesses in these sectors of installed process tubes.

Previously, approximate wall thickness had been obtained by using an eddy- 

current probe which measured the average wall thickness around a process 

tube, applying a factor to this average thickness to obtain local sector 

thinning. This system provided considerable aid in predicting process tube 

life. However, occasions often arose where the assumed thinning ratio or 

factor was not valid. In order to accurately measure tube wall thinning and 

predict tube life, it was necessary to be able to Independently measure those 

sectors where corrosion was prevalent.

The basic criteria selected for the device were that it would measure and 

record w a n  thickness over the length of the tube within an accuracy of 

♦ 2 mils st an average rate of three minutes per tube. An eddy-current
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PROCESS TUBE CROSS SECTION

Figure l

HANFORD PROCESS TUBE
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measuring eye ten had been devel^ed previously ^  (see Figure 2). Bits 

system was used as one of the basic components in building s new system to 

meet the shore criteria.

Fig ire 3 Illustrates the equipment layout planned for this purpose. the 

function of each component follows:

1. Probe - T M s  was to be the primary sensing device and bad to be 

capable of being pushed through the tube frost the reactor front 

face and withdrawn at a constant speed.

2. Puller - This unit was to pull the probe at a constant speed and 

wind up the probe connecting cable.

3. Instruments - The functions of these Instruments were to provide 

the eddy-current power source and to take the response from the 

probe and supply a signal to a recorder, a signal which Is re

corded on a chart as wall thickness.

k. Cart - The cart was to be used to carry the recorders, puller and 

necessary operating controls as a compact, efficient unit, capable 

of being easily moved and transported by two men.

5. Probe Pusher - A device vus needed for pushing the probe down the 

tube. This was required to overcome the difficulty In pushing the 

probe down a ^0 foot tube using a flexible hose as a pusher.

The completed system fabricated according to the above requirements Is shown 

In Figure k. The components are described as follows:

a) Cart - The cart is a fou**-wheeled, pneumatic-tired cart designed to 

permit easy loading Into a pickup truck and easy movement through 
reactor work areas and on the reactor work platforms.
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Figure k
SECTOR GAUGE CART



b) Instrument* - These ere combination power supplies end recorders for 

each measurement channel.

c) Puller - The puller consists of e constant speed drive motor, a gear 

reduction, clutches, wind-up drum, and adjustable support frame, 

Electrical signals between the Instruments and probe feed through slip 

rings cm the shaft and air for probe pressurization is supplied through 

the puller drum using the drum as an air receiver and probe supply.

d) Other Accessories - The cart Is equipped with an air bose reel and a 

power cord reel to supply these services to the cart. It Is also 

equipped with a control panel for operating the puller and an adjust

able probe pressure supply regulator.

e) Probe Pusher - The probe pusher uses normal building service water 

supplied through a quick-opening valve. This pusher attaches to the 

reactor nozzles and the flow of water past the probe provides the 

force for probe trevel.

f) Probe - The probe is the primary sensing device and was the object of 

most of the system development effort. Figure  ̂ is a cross-section of 

the final model of the probe showing basic construction. The probe 

consists of two halves, separated by an expansion bellows. Expansion 

is actuated by air pressure which is supplied through the connecting 

hose. Ibis hose also contains the signal and power leads from the probe 

coils to the Instruments. The probe colls are concentrically wound

and oriented to the windows in the metal sheath in such a manner as to 

cover the desired sector of the tube.

During probe insertion, the air loading on the probe halves is adjusted to the
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Figure 5

MODIFIED SENSING PROBE SECTION



minimum required to keep the probe expanded. The pressure is then Increased 

to approximately 50 inches of water during probe withdrawal. The total probe 

compression and expansion travel is required to insert and remove the probe 

through the reactor inlet modules (appioximately 1.5 Inches diameter).

In the course of system development, a number of problems were encountered 

These could be generally classified into physical equipment problems and 

accuracy problems. The most significant physical equipment problem was that 

of probe insertion and removal. IXie to the degree of expansion required for 

the probe, it was possible fen* the probe to be retracted sufficiently to permit 

it to twist in areas of major corrosion. (See figure 6). Thus, when probe 

removal was attempted, the probe would become Jammed in less corroded areas. 

This problem was overcome by establishing minimum air loading limits. After 

these limits were proceuuraliy established, probe Jamming in the tube was 

essentially eliminated. The use of the water probe pusher also helped re

lieve this problem by permitting the probe to be pushed into the tube with a 

greater minimum sir loading.

Problems in obtaining the desired accuracy were by far the most difficult to 

overcome. The first significant problem arose when the first model of the 

probe was tested. The recorder trace from a normally corroded tube is shown 

in Figure 7* Even though Jaeae traces were completely repeatable on re

peated traversing of the same tube, it was not considered feasible to draw 

any conclusions on residual wall thickness from this type of a trace.

Analysis showed that these erratic traces were valid, considering the probe 

design. In original probe design, it appeared feasible to make the probe
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sene it Ire to pits and holes as vail as to thinning without sacrificing may of 

the wall thickness Measurement accuracy. This was to be accomplished by 

orienting the probe colls as shown in Figure 8. With the coils oriented 

in this manner, a discontinuity would result In coil unbalance first in one 

direction and then in the opposite direction as each coil passed over the 

discontinuity. However, in Boat of the tubes, the mechanics of corrosion 

produced discontinuities in the base metal, or a aeries of small ledges, 

rather than a uniform, smooth surface, the probe sensed each of these 

ledges as a discontinuity and, as a result, produced the recorder pattern 

shown.

It was decided to redesign the probe, winding the two colls concentrically, 

this would mask any sensitivity to wmwl 1 discontinuities but would retain 

sensitivity to changes in average wall thickness, the final probe design 

reflected this change and, on subsequent test runs, indicated a relatively 

steady trace which could be read without interpolation.

the accuracy of the system using the final probe model still left nuch to be 

desired. When all of the equipment was assembled and tested as s unit, 

errors of 10-12 ails occurred when measuring in-reactor tubes as thin as 30 

mils. Calibration had been performed using pieces of tubing which had been 

machined to known thicknesses in s lathe. Assuming this to be s satisfactory 

method of calibration, it was necessary to look for other bases for dis

crepancies. At first the cause of error appeared to be sene type of in- 

reactor effect, since it could not be duplicated in out-of-reactor test runs. 

However, it was finally revealed that a major source of error was the
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Figure 8

ORIGINAL SENSING PROBE SECTION



difference In temperature between the calibration tubing and the tubing In the 

reactor. This difference In temperature vas caused by cold eater running 

through the reactor tube, as opposed to the room temperature of the calibration 

samples. Since the conductivity of aluminum Increases with decreasing teapera- 

ture in this temperature range, the signal from the probe In the reactor tube 

vas greater than that from a like sample at room temperature. This was 

compensated for by immersing the calibration samples In a tank through which 

reactor cooling eater was circulated. In further testing, It was noticed that 

the probe vas also temperature-dependent.

These two sources of inaccuracy were subsequently minimized by being careful to 

assure that the probe and calibration samples had both reached temperature 

equilibrium at the temperature of the incoming cooling water before calibration 

was established. These precautions improved Measuring accuracy considerably; 

however, over-all accuracies were still not acceptable, being cm the order of 

♦ 5 alls. A number of possible cuases for the remaining inaccuracy were ex

plored, such as speed of probe travel, film effect, and rib corrosion. Various 

tests showed that these effects were Insignificant and would not explain all 

of the remaining Inaccuracy. A factor which had been considered but not 

tested was the slight difference in geometry between the calibration sections 

and a corroded tube, the calibration section having metal removed from the 

outside and the corroded tube having metal removed from the inside. It was 

finally discovered that this was a significant effect when it was observed 

that the accuracy was somewhat better on the reactors having the smallest- 

dlameter tubes as opposed to one reactor whose tube size was 0 .035" larger 
In diameter. After observing this, calibration sections v&re then milled on



the Inside to simulate actual corrosion. Using these calibration standards, the 

Measurement accuracy again improved significantly to vhere a consistent 

Measurement accuracy of ♦ 3 alls was obtained. On a large number of tubes, 

average measurement time for each tube vas leas than three minutes, thus 

meeting all of the requirements of the original criteria.

Figure 9 shove s typical set of instrument traces, Including a calibration curve. 

Because of the over-all system characteristics, the calibration is not linear 

over a large portion of the range, nils creates added opportunity for error 

In extracting data and, as a result, it is planned to install different re

corders which will operate over the linear part of the curve. Since it is 

possible to expand the linear portion of the curve by instrument adjustments, 

at the sacrifice of output signal strength, it is planned that the new re

corders, utilising a lover signal Input range, will be able to record all 

applicable tube thicknesses linearly. Ihia is one of several planned 

additional development studies which will be carried on for further system 

Improvement. Others which show promise of being financially Justified are:

1) speed up of probe travel, 2) system revision to permit operation by one 

man, and 3) conversion to digital data output for machine data processing 

application. As with moat instrument systems, improvements will probably 

continue as long as ths equipment continues in service.
'
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