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The calorimeter is of the steady state temperature
difference type. It contains a graph'te sample supported axially in
a graphite outer jacket, the assembly being contained in a thin
stainless steel outer can. The temperature of the jacket and the
temperature difference between sample and jacket are measured by
chromel-alumel thermocouples. The instrument is calibrated by
means of an electric heater of low mass positioned on the axis of the
sample. The resistance of the heater is known and both current
through the heater and the potential across it may be measured. The
instrument is filled with nitrogen at a pressure of one half atmosphere
at room temperature. The calorimeter has been designed for
prolonged operation at temperatures up to 600°C, and dose rates up
to 1 Wg"1 , and instruments have been in use for periods in excess
of one year.

The graphite sample is a right cylinder 70 mm long and
10 mm in diameter. The weight is approximately 9. 2 g. There are
eight thermocouple holes 0. 90 mm diameter and 20 mm deep, four at
each end of the sample. A central hole 0. 90 mm diameter runs the
length of the sample and accommodates the calibration heater. The
sample is supported inside the jacket on four alumina pegs, which
are inserted radially through holes in the jacket wall into corresponding
sockets (0. 90 mm diameter) in the sample.

The jacket surrounding the sample is made of graphite.
This matching of materials is fco avoid any net transfer of radiation
energy between sample and jacket by secondary electrons. The
jacket is 4. 8 mm thick and the radi; L gap between sample and jacket
is 1. 0 mm. There are eight thermocouple holes in the jacket, 0.90
mm diameter and 25 mm deep, four at each end of the jacket, and a
single hole of the same diameter which passes from end to end of the
jacket, enables the thermocouples to be connected. A further hole,
0. 90 mm diameter and 45 mm deep is provided for the thermocouple
to measure the temperature of the jacket.

* Atomic Energy Research Establishment, Harwell, Berkshire,
England.
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The stainless steel outer can is 110 mm long, 22.2 mm
outer diameter and 0. 15 mm wall thickness, and is in 18/10 stainless
steel. The end caps are of 18/8/1 stainless steel and are welded
to the can body. The calorimeter cable (3.2 mm diameter) is
sheathed in 18/8/1 stainless steel and the gas filling tube at the base
of th..' calorimeter is also 18/8/1 stainless steel. These items are
secured in the end caps by a ring braze, inside the instrument. The
gas filling hole is sealed by crimping and a small external braze.

The thermocouples inside the calorimeter are made of
40 S. W. G. chromel and alumel wires, insulated in alumina tubing
0.90 mm in diameter, having two bores 0.20 mm in diameter, the
tips also being insulated in alumina tubing. The calibration heater
is made of 46 S. W. G. constantan wire, insulated in twin bore alumina
tubing 0.90 mm diameter. The calorimeter cable is stainless steel
sheathed and insulated with magnesium oxide, and contains six
conductors, three of chromel and three of alumel. Two alumel
and one chromel wire are used to measure the temperature of the jacket
and the temperature difference between sample and jacket. The
remaining alumel and two chromel wires are connected to the
calibration heater.

The general arrangement of the instrument; is shown in
Figure 13, and the electrical connections in the instrument and cable
in Figure 14, in which the colour coding used on the cable conductors
is noted.

The instrument provided for the intercomparison
experiment in Melusine (graphite calorimeter No. 10) contained two
pairs of the thermocouples measuring the temperature difference
between the sample and jacket. They were positioned one pair at
each end of the sample. Details of the mass of the sample and com-
ponents and the heater resistance el.;. , are given, in Table 1.

The instrument was calibrated in the laboratory at
Harwell, at temperatures (of the jacket) in the range 20° C to 400° C.
The calibrations are linear at rates of energy absorption up to about
200 mW/g"1, but show some curvature at higher rates, particularly
at low jacket temperatures. A graph of the variation of the
calorimeter sensitivity with calorimeter jacket temperature is given
in Figure 15. On the same graph we give a theoretical line for the
variation of the calorimeter sensitivity with jacket temperature based
on the assumption that heat transfer between sample and jacket is by
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Figure 13 - General Arrangement of Calorimeter
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a) conduction in the nitrogen filling gas

b) radiation.

In the intercaUbration experiments, the calorimeter
sensitivity was checked at each position of irradiation by adding
electrical calibration heating to the radiation heating of the sample.
The agreement with the laboratory calibration was good, save at the
highest dose rate where the sensitivity measured in pile was slightly
below that measured in the laboratory, indicating that the instrument
was operating outside its linear range. The circuit given in
Figure 16 was used in the experiments to measure the calorimeter
signals, and to supply and determine the power dissipated in the
calibration heater.

GRAPHITE CALORIMETER NO, 10
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Figure 15 - Variation of Sensitivity with Jacket
Temperature
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Figure 16 - Calorimeter and Instrumentation Circuits

The results are given in Table 2. The dose rates are
calculated using both the in-piie calibration and the laboratory cali-
bration at the same jacket temperature, taken from the broken curve
in Figure 15. There is a small discrepancy at the highest dose rate,
indicating that the instrument was operating outside its linear range.
For this reason, the dose rate derived from the in-pile calibration is
too large and the dose rate derived from the laboratory calibration, too
small; a mean figure has been taken. All dose rates are normalized
in the last column of the table, to that measured by the French
calorimeter used to monitor the experiment.

The measurements made with the Harwell calorimeter
during the Melusine inter comparison experiment were performed by
Mr. de Goer of C.E.N. Grenoble. Wo arc most grateful to Mr. do Goer
for his assistance and most careful work with an unfamiliar instrument.

Table i

Details of Calorimeter No. 10

Mass of graphite sample 9.275 g

Mass of graphite sample -I- heater 9. 581 g
thermocouples, etc.

Resistance of heater as measured
in manufacture

18. 10 ohms



Table 2

Harwell Graphite Calorimeter - Mclusino Intel-comparison

Experimental Data

Position

102

82

72

62

Without calibration heating

Jacket
Temp.

°C

45

51

52.5

62

Temperature
Difference

Signal
O, - f*Vi

273

850

1500

2980

With calibration heating

Power
input to
Sample

mW

0.33

0. 336

0.782

0.752

Temp.
Diff.
Signal
O- - uVc.

556

1124

2130

3540

O_-O

283

274

630

560

Sensitivity
P-Y

mW

0.858

0.816

0.800

0. 7!5

Results

Position

102

82

72

62

Dose Rate in Graphite, mW/g'1

Using
Laboratory
Calibration

33.4

106.8

189.8

388

Using
In-pile

Calibration

33.2

107.8

194.2

418

Mean

33. 3

107.3

192.0

403

Normalized to
Dose Rate from

Monitoring Calorimete

33.3

107. 4

194

408
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SUMMARY

The results for the absorbed close rale in graphilc in
Meiusine obtained by the eight groups are compared in Table I.

As can be seen except for position 102 - where only
three calorimeters were userl the lowest and highest value obtained
differ by. only 10-12% and the average deviation is only 3-4%. This
deviation is comparable to that found in a series of measurements and
in general the accuracy and precision claimed for reactor calorimetry
is no better than 3%. The agreement between these various
calorimeters is especially significant because each one was designed
to be used in a particular environment in different reactors. For
example the Whiteshell calorimeter had to go in a 1. 27 cm hole bat
the small sample si?:c did not lead to significant errors.

The values obtained with the Saclay calorimeters in
positions 72 and 62 are higher than any of the others. This may be
due in part to capture y-ra.ys generated ia the structure of the
calorimeter.

The results of all this work confirm the validity and
accuracy of calorimetric measurements of the absorbed dose rate in
reactors.

In reactor calorimetry further development of high
temperature and other advanced or specialized calorimeters can be
continued with confidence in the principles of the method.

Further development of chemical dosimeters, ion
chambers and other systems of dose measurement in reactors can be
firmlv based on calorimetric values.
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TABJLE I

Comparison of the Absorbed Dose Rates in Graphite

Determined by Calorimetry in Mehxsine C. E.N. Grenoble,

March 10-14, 1970

(Values in m\Vg normalized to 160 mWg for the monitor in 71)

Calorimeter Type
___ 102

C.E.N. Grenoble adiabafcic 30.5

C, E. N, Saclay

Vinca

Budapest

Trombay

Chalk River
(Chalk River ion

White she 11

Harwell

Average

Range

Max. difference

(100-100 lowest)

differential
temp, cliff.

differential 37.2
temp, diff .

differential
temp, diff.

temp. diff.

adiabatic
chamber*) (28)

temp. diff.

temp. 33. 3
diff.

33.7

30. 5-37.2

18%

Reactor
82

101

102

103

104

99

102
(101)

112

107

104

99-111

10.8%

Position
72

187

208

»

196

202

183
(205)

185

194

194

183-208

12%

62

418

456

_

435

-

424
(410)

404

408

424

403-

12%

highest

Average deviation

* not included in average

7.0% 3.0% 3.8% 3.3%
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