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(54) Measuring the linear heat 
generation rate of a nuclear reactor 
fuel pin 

(57) A fixed nuclear activity measuring 
device array in a fuel pin has an 
associated gamma thermometer, 
which travels in a tubular access to 
the array to intercalibrate the devices. 
The gamma thermometer has two 
thermocouple junctions ( 1 5 , 1 7 ) 
giving a difference voltage. The 
junctions are spaced closely to 
experience the same gamma-ray flux. 
The thermal paths to a common heat 

sink (14) for the junctions are 
different, so that they exhibit a 
temperature difference which 
measures the heating produced by the 
gamma-ray flux and, thereby, the 
gamma-ray flux. The gamma 
thermometer is small enough to pass 
through a small, often dry, bore (19) 
extending through a reactor core. To 
increase accurate repeatability of 
computed measurement, a junction 
measures the common heat sink 
temperature and a thermal heat bridge 
thermally links this sink to the bore. 
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SPECIFICATION 
Apparatus for measuring the linear heat 
generation rate of the fuel pin of a nuclear 
reactor 

5 This invention relates to the measurement of a 
quantity, linear heat generation rate, often 
abbreviated LHGR. The word linear is used 
because the quantity is a measure ofthe heat 
generated within one unit length of the fuel pin of 

10 a nuclear reactor. The LHGR of a fuel pin will be 
different at different locations along its length 
since fission depends, in part, on proximity of 
other sources of radioactivity. 

The quantity is important since, if the quantity 
15 goes too high, the cladding of the fuel pins is in 

danger of melting. Thus, the linear heat generation 
rate is as important to safe nuclear reactor 
operation as is reliability of coolant flow. 

The gamma thermometer array of our patent 
2 0 application No. 7 9 0 9 5 4 5 contains a plurality of 

thermocouples which operate at individual 
temperatures which are multivariable functions of 
the local heat generation rate and the individual 
thermal resistance between the thermocouples 

2 5 and their respective heat sinks, cooled by the 
circulating reactor coolant. The said individual 
thermal resistance to the respective heat sink, 
whether the reactor be boiling or pressurized, is 
accurately known, and thus the local heat 

3 0 generating rates can be calculated from the 
readings of the plural thermocouples. 

The calculation of local heat generating rate 
from the data furnished by the gamma 
thermometer array of the above prior application 

' 35 is fairly straightforward and simple compared to 
the corresponding calculation required to 
determine the same quantity using data furnished 
by the more common miniature fission chambers 
and self-powered neutron detectors, which 

4 0 respond almost entirely to thermal neutrons. The 
latter calculations must take into account the 
variability among the individual sensors, and must 
also be corrected for the continuous depletion of 
emitter material in the sensor. 

45 Furthermore, the local thermal neutron flux, as 
calculated from the corrected output of miniature 
fission chambers and self-powered neutron 
detectors, must be converted into local heat 
generation rate by a complex calculation which 

50 takes into account the fact that, as the U235 of the 
reactor is being depleted by the fission process, 
the local heat generating rate goes down, but the 
local thermal neutron flux goes up. Thus, the 
quantity being directly measured and the 

55 calculated quantity of interest are inversely and 
vary complexly related. The situation often arises 
that the magnitude ofthe corrections to the basic 
signal is three times larger than that ofthe basic 
signal itself. 

6 0 A problem with neutron sensors is that they 
cannot be manufactured identically. Furthermore, 
they cannot be calibrated reliably before being 
placed in service, because there is no source of 
sufficient neutron flux, outside of a reactor, to 

65 calibrate them. In the event such source were 
available, the radioactivity induced by calibration 
would render further handling economically 
impracticable. 

In contrast, and uniquely for such instruments, 
70 gamma thermometers can be manufactured 

nearly identically, and can be tested at the point of 
manufacture to prove the relationship of each 
signal output to the heat generated in the sensors. 
Their signals can thus be relied upon to reflect 

75 accurately the heat being generated within the 
sensors and data, available in the open literature, 
establish that the heat to signal relationship is 
constant for many years. 

There does remain, however, the problem of 
8 0 relating the measured heat generation rate in the 

sensor to the unknown LHGR of adjacent fuel pins 
which the sensors purport to measure. 

The single available truly independent 
measurement against which this property can be 

85 tested in any light water reactor is the average fuel 
LHGR, which is determined by calorimetry. To 
determine average fuel LHGR the total heat being 
generated in the core is calculated by combining 
measurements of total mass flow and temperature 

9 0 rise of the coolant and small corrections made for 
heat not being generated in the fuel pins 
themselves. By dividing the total heat rate so 
obtained by the total length of fuel in the core an 
average value of LHGR is obtained. 

95 The distributed in-core sensors, however, 
purport to measure local LHGR, not average heat 
rate. If a reactor contained a large number of such 
sensors uniformly distributed, their signals could 
be averaged and compared to, and uniformly 

100 corrected if necessary, for changes in the ratio of 
average signal to average LHGR, which changes 
might take place over the several year lifetime of 
the fuel assemblies. 

In accordance with the present invention, a 
105 traveling miniature gamma thermometer is 

provided, and is caused to travel through bores 
which are distributed in an array through the 
reactor core. 

In some cases the traveling gamma 
110 thermometer would have to be on a miniature 

scale, compared to gamma thermometers ofthe 
prior art in order to be able to fit, for example, in a 
dry bore located in the inner rod ofthe gamma 
thermometer of Application No. 7 9 0 9 5 4 5 . In 

115 other cases diameters up to ^ or f inch might be 
allowable when used in the in-core instrument 
thimbles employed in many reactors. 

The traveling gamma thermometer need not be 
precisely calibrated during manufacture, since its 

120 inherent stability permits it to correctly reflect 
differing relative levels of activity as it is traversed 
through the nuclear reactor core, unless extremely 
poor thermal contact between the traveling 
gamma thermometer and the associated bore 

125 should cause the unit to be many degrees hotter; 
on the order of 100°C, than its nominal value. 

This stability, during the core scanning process, 
permits the construction of an accurate three 
dimensional relative gamma flux activity level plot 
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of the reactor core. With the use of calorimetry, 
the relative gamma levels are readily changed to 
LHGR levels by determining the ratio between 
average gamma ray activity and average LHGR 

5 and correcting local readings by this ratio. 
Thus, the miniature traveling gamma 

thermometer of this invention is adapted to scan 
the cross-sections of a reactor core to determine 
the levels of activity at different locations in the 

10 core, and the results of such scanning can be used 
to determine LHGRs within the core and, if the 
reactor is so equipped, to verify theoretical 
calibrations of the in-place gamma thermometers 
of a full or partial gamma thermometer array of 

15 the prior application type, using methods of 
calorimetry. 

If a full and symmetrically related system of 
gamma thermometers of our prior application 
were in place in the reactor core then the average 

2 0 of all the measurements could be related to the 
calorimetrically determined average LHGR of the 
fuel and an experimental ratio determined 
between LHGR and gamma thermometer signal to 
verify the theoretical value of this ratio. In this 

2 5 case the system would gain little or nothing in 
calibration precision through use of the traveling 
gamma thermometer of the instant application. 
For partial, non-symmetric or sparse systems of 
the type of gamma thermometers of our prior 

3 0 application, however, a calibration of average 
LHGR indicated against average LHGR from 
calorimetry can be insufficiently precise and 
calibration precision could be greatly increased by 
use of a traveling gamma thermometer of the 

3 5 instant application. 

The traveling gamma thermometer of the 
present application finds an important application 
in precision calibration of full systems of older 
types of unstable neutron measuring instruments 

4 0 such as fission chambers or self-powered neutron 
detectors which have not yet been or cannot 
easily be replaced by fixed gamma thermometer 
systems of the type of our prior application. In fact, 
traveling probe systems employing either fission 

4 5 chambers or self-powered neutron detectors have 
been found necessary in pressurized water 
reactors of two major types after the stability of 
these fixed neutron instruments proved unsuitable 
and have always been necessary to frequently 

5 0 recalibrate the very unstable fixed instruments 
used in boiling water reactors. For reactors 
employing such unstable fixed systems and for 
reactors using only traveling probes the traveling 
gamma thermometer of the instant application 

5 5 provides a superior method of local LHGR 
determination. 

The traveling gamma thermometer described 
herein is useful in a proof-of-precision application 
to demonstrate the precision of the type of 

6 0 gamma thermometer of our prior application 
before a full system is in place. For example, if only 
three or four units of our prior application were in 
place in a reactor whose full, symmetrical 
compliment was 5 0 units each containing 7 

65 sensors, then the LHGRs calculated from these 

could be shown to be identical over a long period 
of time with LHGRs from a traveling gamma 
thermometer which had traversed the entire core 
and had been repeatedly consistent against overall 

7 0 calorimetric calibration as described above. 
The invention will now be described by way of 

example with reference to the accompanying 
drawings in which:— 

Figure 1 is a partly exploded and perspective 
7 5 view of a multiple gamma thermometer string, 

such as that of our prior application No. 7 9 0 9 5 4 5 
referred to above, modified to coact with the 
gamma thermometer of the present application, 
and partly inserted into a bore extending through 

8 0 the core of a nuclear reactor; 
Figure 2 is a cross section of the novel 

miniaturized traveling gamma thermometer suited 
for use in the environment of Figure 1 and in other 
applications requiring the determination of linear 

8 5 heat generation rate; 
Figure 3 is a longitudinal cross section of a 

modified miniaturized traveling gamma 
thermometer having a thermal bridge and 
centering means between the thermometer 

9 0 sheath and the bore in which it is inserted; 
Figure 4 is a longitudinal cross section of still 

another form of traveling gamma thermometer, in 
which a portion of the differential thermocouple is 
drawn out and covered with a thermal shield; and 

95 Figure 5 is a longitudinal cross section of a 
traveling gamma thermometer similar to that of 
Figure 3, but modified so that the longitudinal 
thermal gradient is determined by the 
characteristics of the thermocouple wires, rather 

1 0 0 than by those of the sheath with insulation 
packing and thermocouple wires. 

A portion of the gamma thermometer string of 
our prior Application No. 7 9 0 9 5 4 5 shown at 1 in 
Figure 1, is shown partly inserted into a fuel 

105 assembly tube or thimble 2, in a non-fueled 
location. Coolant flows through the fuel assembly 
tubes or thimbles at high rates of speed, and thus 
through the annular space 3 as well. 

The gamma thermometer string includes 
1 1 0 sheath 4 , which is swaged down into good 

thermal contact with the enlarged gamma sensor 
portions 5 and which bridges the reduced gamma 
sensor portions 6 (only one of which is shown). A 
plurality of thermocouple junctions, not shown, 

115 are used to sense the temperatures of the different 
gamma sensor portions, such as 5 and 6, and the 
resulting electric potentials are led off, by way of 
thermocouple leads 7, to instruments, not shown, 
located outside of the reactor. These 

1 2 0 thermocouple leads 7 are formed of conductors, 
electrically insulated in ceramic compacted 
powder, immune to the reactor environment, and 
covered by a metallic sheath. Thus, the 
construction of the ceramic insulated, metal 

125 sheathed thermocouple leads 7 is somewhat 

analogous to that of an electric heating element of 
an electric range, such as that sold under the trade 
name "Calrod". This construction of thermocouple 
leads is in quite common use in nuclear systems. 

1 3 0 The leads 7 for different thermocouples are 
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supported and spaced inside the uniform bore of 
the gamma sensor portions 5 and 6 by means of a 
splined central rod 8. 

In accordance with the present invention, the 
5 central rod 8 is provided with a bore 9. The bore 9 7 0 

is used as an instrument tube, and one particular 
kind of instrument that can advantageously be 
inserted is the traveling gamma thermometer of 
the invention. The central rod 8, when modified by 

10 the provision of the bore 9, will be designated as 75 
an instrument tube. 

At this point it is important to note the size of 
the parts here discussed in order to understand 
this particular example of the invention. The fuel 

15 assembly tube 2 typically has an internal diameter 8 0 
0 .441 inches (11.2 millimeters). The central rod 8 
typically has a diameter of 0 .13 inches 
(3.3 millimeters). The bore 9 typically has a 
diameter of .079 inches (2 millimeters). Thus, the 

2 0 size of bore 9 is very small. It is so small that it will 8 5 
accommodate the 5 / 6 4 inch diameter lead of an 
ordinary pencil only with a push-fit. In other less 
miniature applications, discussed below, the 
traveling gamma thermometer itself is larger, 

2 5 having a diameter of 3 / 8 inch (10.5 millimeters). 9 0 
The bore extending through the core of the 

nuclear reactor, through which the gamma 
thermometer travels, can assume several forms, 
as follows: 

3 0 A. The bore can be in the form of an added 95 
coaxial longitudinal passageway, formed through 
the central rod of the gamma thermometer of our 
application No. 7 9 0 9 5 4 5 . A typical use of such a 
gamma thermometer is with the pressurized 

35 nuclear reactors manufactured by Combustion 100 
Engineering, but such a gamma thermometer is of 
general utility for use with other atomic reactors. 

B. The bore can be that of an instrument 
thimble, such as those which extend through the 

4 0 core of pressurized atomic reactors manufactured 105 
by Westinghouse, and normally used for scanning 
by a traveling fission chamber. 

C. The bore may be that of a dry guide tube 
extending through the core of a boiling water 

4 5 atomic reactor, such as those manufactured by 110 
General Electric, and normally used for scanning 
with a self-powered neutron detector. 

D. The bore may be that of a wet guide tube, 
such as those used in the pressurized water 

5 0 atomic reactor manufactured by Combustion 115 
Engineering. Such a wet guide tube is filled with 
circulating reactor coolant and is normally loaded 
with fuel pins, but when left unfueled, is adapted 
to be scanned by the traveling gamma 

55 thermometer. 120 
A gamma thermometer of such size and 

construction as to permit it to be traversed 
through the bore 9 of the gamma thermometer 
string of Figure 1 as seen in Figure 2. 

6 0 The head or heat generator 11 of the gamma 125 
thermometer is surrounded by shield 12, which 
has the primary function of acting as a heat shield 
and also acts as a protective fairleader during the 
scanning operation through bore 19 of an 

65 instrument tube, corresponding to bore 9 of 1 3 0 

Figure 1. The head 11 contains two thermocouple 
junctions 15 and 17, formed as welds between 
the wires 2 2 , 2 3 and 24 . Wires 2 2 and 2 3 are 
made of a suitable material, such as "Chromel", 
while wire 2 4 and short link 2 0 are made of 
another suitable and compatible material such as 
"Alumel". The differing thermoelectric properties 
of these two materials, as is well known in the art, 
are used to generate voltages at each junction, 
which are a measure of the temperature at the 
respective junctions. 

The wires 2 2 , 2 3 and 2 4 are encased in a 
sheath 2 5 which is attached to base 14 of the 
head 11. The left end of this sheath is available, 
outside of the reactor core, for connection of 
measuring instruments to wires 2 2 , 2 3 and 24 . 

In order to prevent short circuiting of the wires 
2 2 to 2 4 to each other or to the head 11 or sheath 
25 , they are insulated by a compacted powder 26 . 

The outside of sheath 2 5 is tightly wrapped 
with a helix of wire. The wrap 2 7 stiffens the 
sheath, which could easily buckle during handling 
without the wrap. It also permits the propulsion of 
the gamma thermometer through the bore which 
is to receive the miniature traveling gamma 
thermometer, such as bore 9 of Figure 1, or 19 of 
Figure 2 , by means of a propulsion gear, not 
shown, which engages successive turns of the 
wrap 2 7 in the manner of a rack and gear. Other 
propulsion systems may drive with frictions 
wheels directly on the outside of a sheath 
member 25. 

The propulsion gear is located outside of the 
reactor in an area susceptible of service. The 
sheath 2 5 is long enough so that a considerable 
amount will still be stored on a storage drum, 
adjacent the propulsion gear, when the traveling 
gamma thermometer is extended as far into the 
reactor core as possible. The bitter end of the 
sheath, on the storage drum, is connected to 
electrical instrumentation. The head end of the 
sheath and the gamma thermometer become 
highly radioactive during the scan of the reactor 
core. When the scan is completed, the sheath is 
withdrawn from the core by means of the 
propulsion gear and momentarily stored on the 
storage drum, whereupon it is immediately 
propelled forward again, through an array of wye 
switches, into a different instrument tube for 
further measurements. The radioactivity induced 
in the thermometer and sheath does not interfere 
with measurements. During periods of non-
measurement the probe and sheath are stored in a 
parking position where the induced radioactivity 
presents no problem. 

During operation o f the gamma thermometer, 
the ambient gamma radiation will heat up the 
various parts to an extent which depends upon the 
material involved. In order to simplify the 
explanation, it will be assumed that all parts are 
equally heated by the gamma flux and that the 
temperature of the bore 19 is uniform. The sheath 
2 5 will thereupon assume a uniform temperature, 
losing heat radially outwardly. The head 11 will be 
hotter at its right or tip end, adjacent base 14, 
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because the base 14 will act as the heat sink for 
almost all the heat generated in the right tip end 
and because there is a thermal resistance between 
the heat sink at base 14 and the heat source at the 

5 right end of head 11. 70 
Thermocouple junction 17 will therefore be 

hotter than thermocouple junction 15, to an extent 
dependent on the ambient gamma flux. The 
electrical circuit which can be traced through wire 

10 22, junction 17, short link 20, junction 15, and 75 
wire 23, constitutes a differential thermocouple 
between junctions 17 and 15. This differential 
thermocouple generates a voltage which is a 
measure of the temperature difference from the 

15 right end of the head 11 to the left or sink end 14. 80 
This voltage, proportional to temperature 
difference, is led to a meter, not shown, but 
outside the reactor core, by way of wires 22 
and 23. 

20 The temperature between the hot 85 
thermocouple junction 17 and the cold 
thermocouple junction' 15 is closely related to the 
intensity ofthe ambient gamma flux, and is largely 
independent ofthe temperature ofthe base 14 

25 except as thermal conductivity of the material 90 
varies slightly with temperature. The base 14 
should be at a temperature within about 50°C of 
the bore 19 for high precision measurement. In 
order to avoid the risk of an improper reading, wire 

30 24 also leads to the thermocouple junction 15, 95 
which acts as a hot junction for lead pair 23 and 
24. Wire 24 leads to the outside of the reactor, 
whereat, in a manner not shown, but well 
understood by those skilled in the art, it is 

35 connected to a cold junction which in turn leads to 100 
one terminal of a meter, the second terminal of 
which is connected to wire 23. Thus, wire 23 is a 
common lead for two separate thermocouple 
circuit of which measures the temperature 

40 difference along the head 11 and one circuit of 105 
which, with an external cold junction, measures 
the instrument sink temperature 14. 

The reading ofthe sink temperature at junction 
15 can be used to correct the calculation of 

45 ambient gamma flux obtained from the difference 110 
thermocouple comprising junctions 15 and 17. No 
connection is usually necessary if the sink 
temperature 14 is within about 50°C ofthe 
temperature of bore 19. The user may prefer to 

50 withdraw and reinsert the unit to make better 115 
thermal contact, if high sink temperature indicates 
that thermal contact with bore 19 is poor. 

The outside of head 11 and the inside of shield 
12 are preferably polished, so that there is little 

55 transfer of heat therebetween by way of radiation. 120 
Furthermore, the space 21 between the head 11 
and shield 12 is (a) made narrow and (b) is either 
evacuated or filled with a gas of low thermal 
conductivity, such as argon or krypton, so as to 

60 eliminate or reduce transfer of heat between head . 125 
11 and shield 12 by convection. The result of this 
is that the right end of head 11 loses heat 
principally by longitudinal heat conduction to base 
14. The resulting thermal gradient along head 11 

65 can be accurately calculated since the dimensions ] 30 

of head 11, machined on a lathe, are accurately 
known, and the head 11 is massive compared to 
the wire 22, short link 20 and compacted powder 
26 within the head, which wire, link and powder 
have dimensions and characteristics which are not 
as well defined. 

Thus, the embodiment of Figure 2 has the 
advantageous characteristic that it has an 
accurately calculated calibration, which can be 
checked against an experimental calibration. 
These two calibrations, which in agreement, can 
be used as a standard to calibrate other gamma 
thermometers. 

Another embodiment of gamma thermometer 
is shown in Figure 3, at 28, inserted into bore 29. 
Here the sheath 30 is extended to form a head end 
30A, which is hermetically sealed off with an 
electron-beam weld seal. The thermocouple 
junctions and wires inside the gamma 
thermometer 28 are similar to those described for 
Figure 2. Junctions 15A and 17A correspond in 
construction and function to junctions 15 and 17, 
respectively, of Figure 2. 

A novel feature is the series of spring elements 
32 which are fastened about the periphery ofthe 
sheath. The spring elements are shown fastened 
to the sheath by rivets 33. It will be understood 
that in the nuclear environment, rivets are not 
used, and welding would be taken for granted. 
However, welding does not show up well in a 
drawing, and rivets are substituted for purposes of 
exposition. 

The spring elements 32 have two functions. 
They act as thermal bridges, so as to keep the 
temperature ofthe sheath adjacent rivets 33 close 
to that of the bore 29. They also act as centering 
means for the gamma thermometer within the 
bore 29. During operation, it is important that the 
right head end 30 ofthe gamma thermometer 28 
does not touch the bore 29, as any contact would 
interfere with the thermal gradient between head 
end 30 and junction 15A. The centering action of 
spring elements 32 ensures that improper contact 
does not occur. 

In view ofthe presence ofthe thermal bridge 
32, one function ofthe thermo-electric junction 
15A (with its remote cold junction, not shown) is 
that of monitoring to warn if there is something 
wrong about the sheath temperature rather than 
that of measuring, as in the Figure 2 embodiment, 
for purposes of correcting the indicated 
temperature difference. 

In use, the spring means 32 can be lubricated 
with "Neolube", a proprietary lubricant made of 
graphite in an organic suspension with alcohol for 
ease of distribution. Such a lubricant not only 
makes it easier to push the gamma thermometer 
through the instrument tube, but increases the 
thermal conductivity between the bore 29 and the 
gamma thermometer. 

When no thermal bridge is used with a traveling 
gamma thermometer, it has been found that the 
use of Neolube lubricant will frequently provide 
sufficient thermal contact between the gamma 
thermometer and the bore ofthe instrument tube 
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to permit accurate readings to be made. However, 
in each such instance the quality of the thermal 
contact must be qualified by observation of the 
absolute temperature of the gamma thermometer. 

5 In the case of the type of gamma thermometer 70 
of our application No. 7909545, when used inside 
a dry tube, the desire for such thermal bridge 
devices is more frequent, for two reasons. The 
accuracy is more affected by sink temperature 

10 variations in the biaxial heat flow system of the 75 
gamma thermometers of our prior application than 
in the uniaxial heat flow devices of the present 
application. In our application No. 7909545 the 
problem is often eliminated by water cooling 

15 which is not usual for traveling gamma 80 
thermometers. 

The embodiment of Figure 4 uses a different 
type of thermal bridge and centering element and 
has a geometry which combines the simple 

20 swaged sheath construction of the embodiment of 85 
Figure 3 with the excellent characteristics of the 
shielded head construction of the embodiment of 
Figure 2. 

Gamma thermometer 41 is inserted in bore 39. 
25 The sheath 43, containing thermocouples 15B 90 

and 17B has been swaged down to a greatly 
reduced cross section at the head 44. Such 
swaging down, when properly done, by laminar 
flow, changes the scale inversely on the 

30 longitudinal and transverse axis without altering 
the thermocouple properties. The thin and fragile 95 
head 44 is covered by a protective shield and 
fairleader 45. The thermal bridge and centering 
means, which acts as a heat sink is in the form of a 

35 highly conductive collar 46 which has only a small 
clearance with the bore 39. The small clearance 100 
ensures that collar 46 will touch the bore 39, to 
establish thermal contact, and it will also prevent 
the axis of the gamma thermometer 41 from being 

40 greatly cocked with respect to that of the bore, so 
that the shield 45 will not touch the bore 39. 105 

The space 47 between the swaged down 
portion or head 44 and the shield 45 can be 
evacuated or filled with argon or krypton. In an 

45 actual embodiment, when the gamma 
thermometer was inserted into an atomic reactor 110 
core operating at full power, the right end of the 
tip 44 was about 40 degrees hotter than its left 
end, adjacent collar 46. It is estimated that, for 

50 this condition, of all the heat energy liberated 
within the materials of the right end of head 44 115 
(principally the material of the sheath) about 1% 
was lost to the shield by radiation, while about 
15% was lost to the shield by convection through 

55 an argon gas filling. The remainder flowed by 
longitudinal conduction through the length of 120 
head 44 to the heat sink at collar 46. 

The embodiment of Figure 5 is similar to that of 
Figure 3 but has considerably higher sensitivity. 

60 The gamma thermometer 51 is inserted in bore 
49. The sheath 53 contains a compacted 125 
insulating powder 55 which supports and 
insulates the thermocouple junctions 15C and 
17C. At the fore end 54 of the sheath 53, the 

65 powder has been removed to leave the space 57, 

which can be evacuated or filled with a gas of poor 
conductivity. 

In this embodiment it is the wires 58 and 59 
which form the sensors of the gamma radiation, 
by internally heating up in the presence of the 
gamma flux, and which also provide thermal 
conduction along a longitudinal path to a heat 
sink. The head end 54 of the sheath 53 acts as a 
heat shield for wires 58 and 59. 

In this embodiment, therefore, the differential 
thermocouple has two functions — first, to 
capture gamma radiation and convert it into heat 
and, second, to indicate resulting differential heat. 
This contrasts with the other embodiments, 
discussed above, wherein the differential 
thermocouple is used, essentially, only for the 
latter function. 

It is apparent from what has been described 
above that the herein described traveling gamma 
thermometer is of general utility. Besides being of 
use to calibrate an array of gamma thermometers, 
it can be used to calibrate an array of other types 
of nuclear activity measuring instruments, such as 
self-powered neutron detectors. Furthermore, it 
can be used by itself, either as a stationary and 
permanently installed measuring instrument, or as 
a continuously available traveling measuring 
instrument. 

CLAIMS 
1. In combination: 
a string of gamma thermometers extending 

through the core of a nuclear reactor having a 
distributed nuclear core which produces an 
ambient gamma flux and having further means for 
circulating reactor coolant therethrough; 

each gamma thermometer having an 
associated rate of heat production from the local 
level of said ambient gamma ray flux; 

each gamma thermometer having further an 
associated rate of heat dissipation to said reactor 
coolant; 

whereby the operating temperature of each 
gamma thermometer in a multivariate function of 
the local level of said ambient gamma ray flux, the 
said associated rate of heat production and the 
said associated rate of heat dissipation to said 
reactor coolant; 

sending means in each of said gamma 
thermometers to telemeter the temperature 
thereof to the outside of the nuclear reaction; 

a further gamma thermometer having means to 
cause it to travel along said string of gamma ray 
thermometers so as to be successively closely 
adjacent to successive gamma thermometers of 
said string; 

outside sending means in said further gamma 
thermometer for telemetering to the outside of the 
nuclear reactor an indication of the gamma flux at 
said further gamma thermometer; 

whereby the indications of said further gamma 
thermometer are adapted for use to calibrate the 
individual gamma thermometers of said gamma 
thermometer string. 

2. The combination of Claim 1 in which said 
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further gamma thermometer telemeters a signal 
which is a direct measure of linear heat generation 
rate. 

3. The combination of Claim 1 in which said 
5 further gamma thermometer telemeters a signal 

which is a direct measure of the temperature of 
said further gamma thermometer. 

4. The combination of Claim 1 in which said 
further gamma thermometer travels along said 

10 gamma thermometer string in a bore within said 
string. 

5. The combination of Claim 4 in which said 
bore is a dry bore. 

6. In combination: 
15 a fixed nuclear activity measuring device array; 

a traveling gamma thermometer; 
means in said fixed nuclear activity measuring 

device array for providing tubular access for said 
traveling gamma thermometer; 

20 whereby said traveling gamma thermometer is 
adapted for use for inter-calibration of the nuclear 
activity measuring devices of said fixed array. 

7. The combination of Claim 6 in which the 
nuclear activity measuring device array is a fixed 

25 gamma thermometer array. 
8. In combination: 
a nuclear reactor core of extended dimensions; 
a plurality of local nuclear activity measuring 

devices distributed in said nuclear reactor core; 
30 sending means to telemeter to the outside of 

said nuclear reactor core an indication of the local 
nuclear activity as measured by each of said 
measuring devices; 

means to intercalibrate said plurality of local 
35 nuclear activity measuring devices to establish 

their relative sensitivities to local nuclear activity; 
said means comprising a miniature gamma 

thermometer of inherent stable calibration; 
sending means to telemeter to the outside of 

40 said nuclear reactor core an indication of the local 
nuclear activity as measured by said miniature 
gamma thermometer; 

means to cause said miniature gamma 
thermometer to travel through said nuclear reactor 

45 core so as to successively be closely adjacent to 
ones of said plurality of local nuclear activity 
measuring devices; 

whereby the successive indications of said 
miniature gamma thermometer are adapted for 

50 use to calibrate the individual ones of said plurality 
of local nuclear activity measuring devices. 

9. The combination of Claim 8 in which said 
miniature gamma thermometer telemeters a 
signal which is a direct measure of linear heat 

55 generation rate. 
10. The method of calibrating a plurality of 

nuclear activity measuring devices, distributed 
through the core of a nuclear reactor, while said 
reactor is in stable fission, which consists of the 

60 steps of: 
passing a traveling gamma thermometer 

through said nuclear reactor in close proximity to 
the said plurality of nuclear activity measuring 
devices; and 

65 correlating the readings of the individual ones 

of said plurality of nuclear measuring devices with 
the reading of said traveling gamma thermometer 
while it is passing said individual ones of said 
plurality of nuclear measuring devices. 

70 11. A method according to Claim 10, wherein 
the plurality of nuclear measuring devices is a 
string of gamma thermometers which extend 
through the core of a nuclear reactor. 

12. A method according to Claim 11 in which 
75 the traveling gamma thermometer is passed 

through the gamma thermometer string. 
13. A method according to any of Claims 10 to 

12 in which the traveling gamma thermometer is 
used to directly measure linear heat generation 

80 rate. 
14. A traveling gamma thermometer adapted 

to be traversed through a bore extending through 
the core of a nuclear reactor, said thermometer 
comprising: 

85 a mass which will heat up in the presence of 
gamma flux by absorption of energy from said flux; 

means to thermally isolate said mass; 
a heat sink; 
means for providing a link of predetermined 

90 thermal resistance from said mass to said heat 
sink; 

separate thermocouple junctions for sensing 
the temperature of said mass and said heat sink; 

three insulated conductors extending from a 
95 remote point to adjacent said thermocouples; 

two of said insulated conductors being 
individually connected to respective thermocouple 
junctions and the third of said insulated 
conductors being connected in common to both 

100 said thermocouple junctions; 
a tubular sheath extending continuously over 

and enclosing said three insulated conductors, 
said thermocouple junctions, said link of 
predetermined thermal resistance and said mass; 

105 said tubular sheath constituting said heat sink. 
15. A traveling gamma thermometer as 

claimed in Claim 14 in which said tubular sheath 
is flexible and adapted to be wound on a drum. 

16. A traveling gamma thermometer as 
110 claimed in Claim 14 in which the tubular sheath is 

overlaid with a tightly adhering helical wrap of 
wire, with the pitch of the wrap approximately 
twice the diameter of the wire; 

whereby the sheath is strengthened against 
115 buckling; and 

whereby the sheath is adapted to be readily 
traversed by means which engage the wrap in the 
manner of gear and rack, respectively. 

17. A traveling gamma thermometer as 
120 claimed in Claim 14 in which said sheath is 

fabricated from separate parts. 
18. A traveling gamma thermometer as 

claimed in Claim 14 in which said sheath is 
integral. 

125 19. A traveling gamma thermometer as 
claimed in Claim 14 in which said sheath has a 
larger diameter where it encloses said three 
insulated wires and has a smaller diameter where 
it encloses said means for providing a link of 

130 predetermined thermal resistance. 
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20. A traveling gamma thermometer as 
claimed in Claim 19 in which said smaller portion 
of said sheath is surrounded by a coaxial 
enveloping shield. 

5 21. A traveling gamma thermometer as 
claimed in Claim 14 having a means for improving 
thermal contact between said sheath and said 
bore, said means for improving thermal contact 
being located on said sheath adjacent to one end 

10 of said means for providing a link of 
predetermined thermal resistance. 

22. A traveling gamma thermometer as 
claimed in Claim 21, wherein said means for 
improving thermal contact comprises: 

15 spring means for bridging the gap between said 
sheath and said bore. 

23. A traveling gamma thermometer as 
claimed in Claim 21, wherein said means for 
improving thermal contact comprises: 

20 a collar in contact with said sheath and of such 
thickness as to almost bridge the gap between 
said sheath and said bore. 

24. A traveling gamma thermometer as 
claimed in Claim 21, wherein said means for 

25 improving thermal contact comprises: 
a coating of lubricant on said sheath. 
25. A traveling gamma thermometer as 

claimed in Claim 14 in which: 
said mass and said link of predetermined 

30 thermal resistance are jointly constituted by one of 
said thermocouple junctions and two of said 
insulated conductors; 

said thermocouple junction being supported in 
free space by said two insulated conductors, 

35 acting as cantilevers; 
the base end of said cantilevers being anchored 

within said sheath by said insulation. 
26. A traveling gamma thermometer 

substantially as described and as shown in the 
4 0 ' accompanying drawings. 

27. A gamma thermometer array for measuring 
linear heat generation rate in a nuclear reactor 
substantially as described and as shown in the 
accompanying drawings. 

45 28. A method of calibrating a plurality of 
gamma thermometers substantially as described 
with reference to the accompanying drawings. 
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