
MEASUREMENTS WITH THE CHALK RIVER CALORIMETERS

A. W. Boyd

Introduction

The Chalk River calorimeters were designed to
measure the absorbed dose rate in reactors in materials such as
graphite, polethylene and beryllium in the range 0 . 0 1 - 1 Wg"1 (1,2).
To eliminate heaters in the sample they were made to operate
adiabatically, or more accurately quasi-adiabatically since there is
no heater on the jacket. Both the sample and jacket temperatures
are recorded from the time of insertion in the reactor flux and the
absorbed dose rate is calculated from these data.

The advantages of this type of calorimeter are the ease
of construction and the absence of a sample heater. The disadvantage
is that dose rates below ~ 10 mWg l cannot be determined accurately.

De scr iption of Calorimeter s

The measurements in Melusine were done with two
calorimeters. One of these had a stainless steel jacket, the other
a graphite jacket. The dimensions of each are shown in Figure 12.
The circuit for measurement of the thermocouple voltages and the
instruments used at C. E.N. Grenoble are the same as those used b}
K. K. Mehta (3), Analysis of the graphite used showed less than a
ppm of Li and B.

Details of the Experimental Procedure and Calculations of the Results

As stated the temperatures of the sample and the jacket
were recorded from the time of insertion in flux position 62, 72 or 82
in Melusine. Four or six runs were made in each position. In most
runs the calorimeter was withdrawn in less than 5 minutes - before
the sample reached an equilibrium temperature though in a few cases
the run was extended to equilibrium conditions.

Chalk River Nuclear Laboratories, Atomic Energy of Canada Limited,
Chalk River, Ontario, Canada.
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CONSTRUCTION OF C.Ft.N.L CHLMWETERS

Figure 1Z

The results were calculated as follows. The values of
the voltages of the sample and the jacket thermocouples were read
from the recorder charts at 6 second intervals up to Z or 3 minutes
after insertion of the calorimeter. These values were assumed to
obey the equation

c{T)
dT

8
dt = B + A (T. - T )

J s

where T and T. are the sample and the jacket thermocouple voltages
or temperatures respectively, C(T) is the specific heat of the
sample as a function of temperature, B is the absorbed dose rate'of
the-sample and A is a heat transfer constant for the calorimeter. The
best value of B to fit the data was calculated using a computer
program assuming that the specific heat of graphite {joules/°gC)
from 0 - 100°C is represented by the equation

c(T) = 0. 63775 + 0. 07888 T - 0. 0006 T3
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where T is the sample temperature in millivolts for a chromel-alumel
thermocouple (réf. jcn. 0°C).

Two checks were made on these calculations. The
first was fco determine graphically the value of dT s/dt at the time
when T = T.. The second was to determine the value of A from the
cooling curve and fco calculate B from this value and the difference
at equilibrium between T and T.. Both methods agreed within 5%
with the computer calculated values.

Results

The results of the measurements in Melusine with the
CRNL calorimeters-are given in Table 1. The results for the
calorimeters with stainless steel jackets have been corrected for the
capture y-r&y contribution to the sample from the jacket using the
data in (4). No other corrections have been applied other than
normalization to a value of 160 mWg"1 for the monitor calorimeter.
For each type of calorimeter the average is calculated from the run
values weighted xising the computed error in the fit for each run.

Discussion

The differences between the values for the graphite and
stainless steel jacketed calorimeters in 82 and 62 and the ion chamber
and the calorimeters in 72 may be due in part to small differences in
the lateral positions of the two calorimeters and the ion chamber.
The calorimeter with the stainless jacket was clamped in an aluminum
framework and was directly in contact with the water in the pool. The
calorimeter with the graphite jacket and the ion chamber were each
placed in an empty aluminum tube so that they were in contact only
with air. The lateral flux gradient is ~l%/mm so that an error of
only 2 mm in the position of each could result in a difference of 4%
half the observed difference.

The response of the ion chamber to the energy absorbed
by fast neutron scattering appears to be about half of that for y rays (1).
However since even in 62 the contribution of fast neutrons is only
5% of the total absorbed dose in graphite (5), the error due to this is
less than 3%.
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Table 1

Absorbed Dose Rate in Graphite in Positions 82, 72 and 62 in Melusine

March 11-12, 1970

CRNJL Calorimeters

(Values normalized to reading of 160 mWg"1 in monitor ca lor inné ter)

Calorimeter Average- rnWg"1 Average of S. S. Ion Chamber
Position Jacket (no. of measurements) and graphite Value*

(average deviation) jacket mWg"1 mWg"1

82 stainless steel 97. 4
(3)
(2. 0%)

101.6
82 graphite 105. 7

(3)
(7.2%)

72 stainless steel 181
(2)
(4. 0%)

182.8
72 graphite 184.5

(4)
(3. 5%)

62 stainless steel 410, 3
(2
(6. 2%)

424
62 graphite 437.5

(2)
(4. 0%)

101

205

410

* This ion chamber is fully described in reference (1). It was
calibrated using the Fricke dosimeter in a Gammacell assuming
the dorse rate in COS to be 90% of that in H3O.
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