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(71) We, IMPERIAL CHEMICAL IN-
DUSTRIES LIMITED, Imperial Chemical 
House, Millbank, London SW1P 3JF, a 
British Company, do hereby declare the in-

5 vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des-
cribed in and by the following statement:— 

The present invention relates to the detec-
10 tion or corrosion in tubes using a radioisotopic 

method and to apparatus for carrying out that 
method. 

Corrosion of metal tubes, for example boiler 
tubes, is well known as a hazard in operations 

15 involving the tubes. Methods have been evolved 
to monitor the corrosion and to provide a 
warning either at the onset of corrosion or 
at the point when corrosion has so advanced 
that further operations would be undesirable 

20 and/or potentially dangerous. One method 
which can provide an indication of corrosion 
is a determination of the thickness of the 
wall of the tube. A comparison of the thick-
ness of the tube wall after it has been used 

25 for some time with its thickness before use 
or with the thickness of an identical, unused, 
tube wall will provide a measure of the degree 
of corrosion which has occurred. Radioisotopic 
techniques have ben used to measure the 

30 thickness of tube walls. For example, a radio-
active source and a detector are placed on 
opposite sides of the tube wall and the absorp-
tion of radioactivity by the wall determined. 
The absorption is a function of the wall 

35 thickness. 
In the radiation absorption methods used at 

present, only one tube can be tested at a 
time. Moreover, where a number of tubes in 
the one piece of equipment are being exam-

40 ined for corrosion, e.g. tube bundles in boilers, 
it has been necessary to remove tubes individ-
ually from the bundle for examination in 
order to obtain access with the source and 
detector to both the interior and the exterior 

45 of the tube. We have now devised a method 

and an apparatus for carrying out that method 
which enables the thickness of a tube wall 
to be assessed in situ, even when surrounded 
by other tubes. 

Accordingly, the present invention is a 50 
method for assessing the thickness of one or 
more tube walls in a bundle which consists 
of at least two parallel tubes, which com-
prises inserting a radioactive source into a 
first tube, and inserting a radiation detector 55 
for radioactivity into each of a plurality up 
to and including six tubes adjacent the first, 
measuring the absorption of radiation by the 
intervening walls of each pair of tubes and 
comparing the measurement with a standard 60 
measurement representing a known thickness 
of the material of which the tubes are made. 

The radioactive source may be positioned in 
each tube of the bundle in turn, the radiation 
detector inserted successively into each of the 65 
immediately adjacent tubes and the absorption 
in each such adjacent tube measured. In this 
way a considerable number of absorption 
measurements may be obtained, depending 
on the number of tubes in the bundle. A 70 
diagram illustrating the configuration of the 
bundle is drawn and each absorption 
is marked on the diagram in a way which 
illustrates the degree of corrosion indicated 
by the absorption measurement. For 75 
example, a line may be drawn between 
the two tubes concerned in an absorption 
measurement, the colour of the fine corres-
ponding to the degree of corrosion indicated 
by the absorption measurement. For example, 80 
black, blue and red lines may be used to 
indicate little or no corrosion, moderate 
corrosion, and severe corrosion respectively. 
A tube on the diagram which is surrounded 
predominantiy by red and blue lines has a 85 
wall which is at least moderately corroded. 
A tube surrounded entirely by black lines 
has a wall which is probably almost un-
corroded. 

A further form of the invention consists of 90 
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an apparatus for carrying out the method of 
the invention and comprising a radioactive 
source and a radiation detector each located 
on substantially parallel arms of adjustable 

5 length, the arms being linked at or near 
adjacent ends by a connecting piece. Prefer-
ably, the connecting piece is itself adjustable 
so as to vary the distance apart of the 
parallel arms. 

10 The apparatus of the invention enables the 
source and detector to be easily positioned 
at equivalent positions in tubes for a series 
of absorption measurements. In addition, the 
adjustable length of the parallel arms allows 

15 the distance of the source and detector along 
their respective tubes can be simultaneously 
varied. Adjustability of the connecting piece 
enables the apparatus to be readily used with 
any bundle of tubes whatever the spacing of 

20 the tubes from one another. 
In addition, positiomng-sections of various 

diameters attached both to the source and 
to the detector arms may suitably be used 
to enable the source and detector to be accur-

25 ately maintained in axial positions in boiler 
tubes of differing diameters. 

The adjustability of both the source-detector 
separation and the width of the arms enables 
the apparatus to be used in a wide range 

30 of tube bundle types. 
A modified form of apparatus according 

to the invention comprises a radioactive source 
and up to six radiation detectors, the source 
and each detector being located on substan-

35 tially parallel arms of adjustable length, the 
arms carrying the detectors being displaced 
around the arm carrying the source as a 
centre, and all the detector aims being linked 
at or near adjacent ends to the source arm 

40 by connecting pieces which are themselves 
adjustable so as to vary the distance apart of 
the parallel arms. The arms carrying the 
detectors may be individually detachable so 
that any number up to six of the tubes 

45 adjacent the tube containing the radioactive 
source may be simultaneously inspected, as 
desired. The arms carrying the detectors are 
conveniently equalled displaced around the 
arm carrying the source as a centre. The use 

50 of apparatus having sue detector arms enbles 
simultaneous inspection to be carried out of 
the six tubes immediately surrounding the 
tube containing the radioactive source in a 
tube bundle of substantially triangular pitch. 

55 Using this modified form of the apparatus 
enables the diagram illustrating the absorption 
of each tube to be completed more quickly 
than is the case using apparatus with only 
one detector arm. 

60 The invention is further described with 
reference to the accompanying drawings in 
which:— 

FIGURE 1 illustrates one embodiment of 
apparatus according to the invention, 

65 FIGURE 2 illustrates a further embodiment 

of apparatus according to the invention, and 
FIGURE 3 is a diagram of a group of tubes 

in which the degree of corrosion of pairs 
of tube walls indicated by the absorption 
measured is represented on the diagram by 70 
various dotted and dashed lines. 

Referring to Figure 1, a radioactive source 
1 is removably located on an adjustable arm 
2 and a detector 3 for radiation is similarly 
located on a parallel adjustable arm 4. The 75 
arms are conveniently made from stainless 
steel. The arms 2 and 4 are linked at adjacent 
ends by a telescopic connecting piece 5, which 
enables the distance apart of the arms 2 
and 4 to be varied. 80 

Cylindrical positioning-sections 6 and 7 
enable the source 1 and detector 3 to be 
axially positioned in the tubes. The position-
ing-sections 6 and 7 are readily detachable 
and may be replaced by positioning-sections 85 
of different diameters, thus enabling a good 
fit of the arms 2 and 4 in tubes of different 
diameters to be maintained. 

Referring to Figure 2, a radioactive source 
1 is removably located on an adjustable arm 90 
2 and two detectors 3 for radiation are 
similarly located, one on each of parallel 
adjustable arms 4. The arms 4 are linked 
to arm 2 at adjacent ends by telescopic 
connecting pieces 5, enabling the distances 95 
apart of each of the arms 4 from arm 2 to be 
independently varied. 

Cylindrical positioning-sections 6 and 7 
enable the source 1 and detectors 3 respect-
ively to be axially positioned in the tubes. 100 

The embodiment of the apparatus accord-
ing to Figure 2 enables absorptions in tubes 
to be determined rather more quickly than 
the simpler apparatus according to Figure 1. 

The apparatus of Figure 1 was used to 105 
access the wall thickness of the tubes of a 
tube bundle such as is shown diagrammatically 
in Figure 3. In a first series of measurements, 
die source was inserted in tube No. 16 and 
the detector was inserted in turn in tubes 110 
Nos. 7, 8, 15, 17, 25 and 24. In each case 
the absorption was measured and found to 
be substantially the same for each pair of 
tubes, corresponding to less than 10% corro-
sion of the tube walls. In a second series of 115 
measurements the source was inserted in tube 
No. 6 and the detector in turn in tubes Nos. 
5, 7, 14 and 15. In one case, when the 
detector was in tube No. 5, the absorption 
was substantially lower than in the other 120 
three cases corresponding to corrosion greater 
than 50%, in the walls of tubes 5 and 6. In 
the other three cases corrosion between 10 and 
30% was indicated. Clearly tube No. 5 and/ 
or tube No. 6 is corroded. In the next series 125 
of measurements, the source was inserted in 
tube No. 14, and the detector was inserted 
in turn in tubes Nos. 5, 6, 13, 15, 22 and 
23. The absorption measurement obtained 
when the detector was in tube No. 5 was 130 
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substantially lower than in the other five 
cases and corresponded to 30% to 50% 
corrosion. With the detector in tube 6 corro-
sion between 10 and 30% was indicated. The 

5 measurements were repeated in this fashion 
for each tube in the tube bundle. On the 
diagram coloured lines were drawn between 

each pair of tubes to represent the degree 
of corrosion of the walls of these tubes 
indicated by the absorption measurements. 10 
The colour code used in practice and the 
corresponding dotted and dashed line code 
used in Figure 2 are as follows:— 

Combined Corrosion Colour 
of tube walls code Code used in Figure 2 

<10% Black 

10% to 30% Green 

30% to 50% Blue 

> .50% Red 

15 At the conclusion of the measurements, 
the diagram had the appearance correspond-
ing to that shown in Figure 2 in which 
tubes No. 5, 28, 40 and 41 are clearly iden-
tified as being corroded to an extent greater 

20 than 10%. It is further possible to infer that 
tubes 5 and 40 are more than 50%, corroded, 
tube 28 is 30 to 50% corroded and tubes 
6 and 41 are 10 to 30% corroded. 

This method and equipment provide an 
25 accurate method of detecting and measuring 

corrosion in tube bundles. It is a fast method 
since die time taken for a single measure-
ment is very short and, most importantly, 
to enable the measurements to be made, it 

30 is not necessary as has been the case hitherto, 
for the tube bundle to be dismantled. When 
the measurements have been completed on 
the tube bundle in situ, only the corroded 
tubes need to be removed. 

35 WHAT WE CLAIM IS:— 
1. A method for assessing the thickness 

of one or more tube walls in a bundle which 
consists of at least two parallel tubes, which 
comprises inserting a radioactive source into 

40 a first tube, and inserting a radiation detector 
for radioactivity into each of a plurality up 
to and including six tubes adjacent the first, 
measuring the absorption of radiation by 
the intervening walls of each pair of tubes 

45 and comparing the measurement with a stan-
dard measurement representing a known thick-
ness of the material of which the tubes 
are made. 

2. A method as claimed in Claim 1 in which 
50 the radioactive source is inserted into a first 

tube, a plurality up to and including six radia-
tion detectors is inserted into tubes immed-
iately adjacent the first tube and the absorp-
tion in each such adjacent tube is measured 

55 simultaneously. 
3. A method as claimed in Claim 1 or 

2 in which the radioactive source is inserted 
into a plurality of tubes in a bundle in turn, 

a radiation detector is inserted into each of 
the immediately adjacent' tubes and the absorp- 60 
tion in each such adjacent tube measured. 

4. A method as daimed in any one of 
Claims 1 to 3 in which the degree of 
corrosion of each tube is indicated on a 
diagram illustrating the configuration of the 65 
bundle by markings which correspond to the 
amount of absorption measured. 

5. A method for assessing the thickness 
of one or more tube walls in a bundle, 
substantially as hereinbefore described with 70 
reference to the accompanying drawings, 

6. Apparatus for assessing the thickness 
of one or more tube walls in a bundle 
which consists of at least two parallel tubes 
which comprises a radioactive source and a 75 
radiation detector each located on substan-
tially parallel arms of adjustable length, the 
arms being linked at or near adjacent ends 
by a connecting piece. 

7. Apparatus as claimed in Claim 6 in 80 
which the connecting piece is adjustable so 
as to vary the distance apart of die parallel 
arms. 

8. Apparatus as claimed in Claim 6 or 
7 in which positioning-sections are attached 85 
to the source arm and to the detector arm 
to enable the source and detector to be 
accurately maintained in axial positions in 
the tubes. 

9. Apparatus as daimed in any one of 90 
Claims 6 to 8 comprising a radioactive source 
and up to six radiation detectors, the source 
and each detector being located on substan-
tially parallel arms of adjustable length, the 
arms carrying the detectors being displaced 95 
around the arm carrying the source as a 
centre, and all the detector arms being linked 
at or near adjacent ends to the source arm 
by connecting pieces which are themselves 
adjustable so as to vary the distance apart 100 
of the parallel arms. 

10. Apparatus as claimed in Claim 9 
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in which the aims carrying the detectors are 
individually detachable. 

11. Apparatus as claimed in Claim 9 
or 10 in which the arms carrying the detectors 

5 are equally displaced around the arm carry-
ing the source as a centre. 

12. Apparatus for assessing the thickness 

of one or more tube walls in a bundle, which 
consists of at least two parallel tubes sub- 10 
stantially as hereinbefore described with 
reference to the accompanying drawings. 

J. L. BETON, 
Agent for the Applicants. 
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1 SHEET drawing is a reproduction of 
the Original on a reduced scale 
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