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The '.Vorlcing Group on Reactor Radis M on Measurements has
recommended an international int^rcorcparisor. of calorimeters
through its Subgroup 5 on calorimètre methods. Through the
cooperation of the îàEA and t-he Centre d'Btudes Nucléaires de
Grenoble of the Commissariat à l'Energie Atoiique of Prance,
the irstercomparison was arranged» Representatives of eight
dosimetry groups fron: sic countries f-ook" ogrt in this inter-
comparison which was carried out during *be period 9-1? March
1970.

The participants -a^e as follows :

L. Bod Hungary
A.W. 3oyd Car.-iaa
M. Labrousse France
J.X. Lina.cre England
P. Mas France

K.K. Mehta Canada
P. Navalkar Tndi-i

B. 'Raoak vugoslavia

J. Rop-e " "Prance

Tnis intercorafa.ra sorx f o ' l o w s tne two coaparisons made by
French, Czechoslovak^?") ^*id ^ j ^ o s l B v i a . ?ci entis'-s, and it was
agreed that further ooiiparison.- wir i l - , ^e tro^e desirable. The
agreement obtained ne twee n the values for tne absorbed dose rate
with the differer, r calorimeters used i»- Reactor Melusine has
b-isn satisfactory. This document, vnl l heir; v/o^fcers in the field
of absorbed doRe <-i«a<5urfa 'ner'; 11 reacto'-a 5n chooc, ng consistent
and accurate orooedures of exnerimeatqt io»- ind reoortina: data.

oui ^" thcr'-c*' are evrregsed to ÎJT-. A«W. Bovd for his
responsibility o" çdi ^ ri/51 t h i ? report anJ nmkirg these ex-
periments success fui ii. coll aoornti on wit!-. Dr. A. Keodar.



A CKTîOWLS DGEMEN TS

The success of the intercompari=on J3 largely due to

the efforts of the group in the Service des Piles at Grenoble -

P. Bias, J « de Goer, J.J. ïannin and others, to A.«W. Boyd, chairman

of the Subgroup on Cal crime trie Methods, and to A. Keddar, the

Scientific Secret*"y of the forking Group of the IAEA.. Their

cooperation made the intercomparisor a pleasure for all those

taking part.



INTRODUCTION

Accurate values for the absorbed dose and dose rate
in nuclear reactors are of fundamental importance in reactor design,
in assessing the radiolytic .stability of coolants and moderators such
as carbon dioxide, water and organic liquids, and in determining
radiation damage in materials such as graphite, steel and zirconium.
Because of this the International Atomic Energy Agency has convened
two Panels on In-Pile Dosirnetry in Vienna - ui July 1964 and
November 1966 - and in 1967 it formed a Working Group on Reactor
Radiation Measurements.

The experts who took part in the f i rs t panel meeting
made a number of recommendations to the IAEA (1). These included
a recommendation that reference methods should be established by
either calorimetry, ionization chambers or chemical methods. The
second panel considered these problems in more detail and recom-
mended that an intercomparison of calorimeters should be made (2).
It further recommended that:

- the absorbed dose measurement be made in graphite,

- a swimming pool type reactor be used for the intercomparison
because of the ease of access, and because many calorimeters
require the heat sink that this type of reactor provides,

- the chosen reactor have a dose rate range of 10-1000 mWg"1,
its thermal neutron arid -y-ray flux densities and spectra be
well known and it have sufficient technical staff and instrumen-
tation for the inter comparison.

The Working Group on Reactor Radiation Measure-
ments was divided into five subgroups. Subgroup 5 "Calorimetric
Method" was requested to organize the recommended intercom-
parison. Through the cooperation of the IAEA and the Centre
d'Etudes Nucléaires de Grenoble of the Commissariat a L'Energie
Atomique of France the interoomparison v/as arranged to take place
using the reactor Mclusine at C .E .N . Grenoble. This reactor met
the requirements recommended by the Panel very satisfactorily,
Representatives of eight dosimetry groups from six countries took
part in the intercomparison which was carried out March 9-17, 1970.



This intercornparisou was preceded by comparisons
in which two or three laboratories took part. The Vtnca heat flow
calorimeters and. the Saclay pedestal differential calorimeters
have been compared in the reactor ISIS at C. E. N. Saclay (3, 4). The
Skoda (Czechoslovakia) spectrocaJorimefcer and the Vinca heat f low'
calorimeter were compared in the RA reactor (Yugoslavia) (5).

The agreement obtained between the values for the
absorbed dose rate with t-.he d i f ferent calorimeters in these measure-
ments has been very satisfactory. As will be described in this
report, similar agreement has been obtained between the values
f rom the eight different calorimeters in the Meiusine measurements.

In this report, following a description of Meiusine
are sections by each of the eight groups taking pari, giving a description
of their calorimeters, their operation and the re salt s obtained in
Meiusine. These sections are. followed by a comparison of all the
results and a brief discussion,
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the Core of the Reactor ISIS at Saclay", C. E.N. Note CEA-M-1168
(1969).
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"SpectroralorImofcric Measurements in the Core of the Heavy
Water Reactor RA at Vinca" - to be published.



DESCRIPTION OF MRLUSINE

P. Mas"''

Mélusine is one of the swimming pool reactors of the
Centre d'Etudes Nucléaires de Grenoble. It is light water moderated
with a power of 4 MW. The core is in a grill with 110 holes.
There are 23 standard element rods - MTR type with 93% S35u in flat
plates and 5 control rods. A light water reflector surrounds three
sides of the core arid there is a beryllium, reflector on the fourth.
At 8 cm from one of the sides of the core there is a heavys water tank.
The average flux of neutrons in the core is approximately
2 x 1013 n cm~a s"1 at 4 MW. The maximum neutron fluxes
available in experimental facilities are 5.2 x 1013 n cm.-3 s"1

(thermal neutrons) and 2 x 1013 n cm"2 s"1 (fast neutrons > 1 MeV).
The,layout of the reactor is shown in Figure 1. Figure 2 is a
photograph of the reactor.

The power of the reactor is determined from the
thermal output by measuring the flow and the temperature rise of
the cooling water. It is known to ±5%, The reactor is controlled
by a system in which the formation of 16N in the water is measured.
The precision of this control is ±1. 5% which means there is a
maximum deviation of the power of ±1. 5%.

The intercomparison of calorimeters was made in the
positions 62, 72 and 82 shown in Figure J . A monitoring calorimeter
was placed in 71. This was done to measure local fluctuations in
the flux arid the output of this calorimeter was recorded during the
whole week of the in ter comparison. This allowed normalization of
the results to a fixed power value (160 mWg"1! in the region of the
experimental positions. Figure 3 shows the variations recorded by
this calorimeter. It can be seen that these are relatively small.
During this time the changes in the control rods were also small -
from Tuesday at 12 h to Saturaday at 18 h they were raised 12 mm.

The thermal and fas t neutron fluxes were measured in
the three positions using cobalt and nickel detectors. The results
are given below.

Centre d 'Etudes Nucléaires de Grenoble, France.



LAYOUT OF THE CORE OF MELUSÏNE

AXIU C H A N N E L C H A K K E l

Figure 1



Figure 2 - General View of Melusine

5



Position

'th

62

2.8 x. 10i3

72

1. 16 x 1

82

3 x 1013

cp_ (>1 MeV) 3.6 x 101S
K. 9. 1 x 1011 2.55 x 1011

The fast neutron flux represents neutrons with energies, greater
than 1 MeV taken from fche actual spectrum. The effective cross
section of nickel was 155, 165 and 171 mb in 62, 72 and 82
respectively.

The effective cross section of cobalt for thermal
neutrons was taken to be 38 b. Corrections were made for the
epithermal flux and for self shielding.
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THE T. M. CALORIMETER

P. Mas ' and J. de Goer'1'

Description

The T.M. calorimeter, ^hown in
Figure 4*, is bhe isothermal type.
It consists only of a sample of
graphite and a jacket of stainless
steel filled with nitrogen.

The chromel-alumcl thermocouples
which measure the temperature
difference between the sample and
the jacket also serve to suspend the
sample.

The jacket is kept at a constant
temperature: i.e. that of the water
in the swimming pool.

Associated Equipment

A recording millivoltrneter with a
rapid chart speed (~ 3 cm/minute).

Calorimeter Specificafcions &: Advantage s

Sensitivity l O m v / W g " 1

Range 10"2 to I Wg"1

Rugged, simple to operate.

T O R E C O R D E R

T H E R M O C O U P L E S
C H R O M E l - A L U M E l
S.S. S H E A T H E D

S . S .
J A C K E T

f fe^J! _ Oiii-3/:II^ r;\wr•au
S C A L E 1 / 1

Figure 4
t Centre d'Etudes Nucléaires de Grenoble, Franco.

* In this and all other figures ail dimensions arc in millimètres.



Theory

Symbols and Units

Symbol

P

m

R

t

subscript &

Definition

total power dissipated in the sample

mass of the sample

specific power: p - P/m

specific heat of the sample

temperature of the sample

temperature of the inner wall of the
jacket
thermal insulation of the sample

time

time constant (period)

indicates the equilibrium corres-
ponding to the power p

Unit

Watt

gram

watt/gram

Joule/gram degree

degree /Watt

second

second

Nuclear radiation results in the deposition of the power
P in the sample of mass m and specific heat c.

During an interval of time dt, the energy deposition is
Pdt. A fraction of this energy results in an increase df) of the tem-
perature 9 of the sample, while the rest escapes to the jacket which
is maintained at the ambient Lemperacure 8 of the surroundings.

The thermal balance can thus be written:

Energy deposition = heating of sample •*- escape îo the iacket

[1] Pdt -. mcd8 t 9 " 9° dt
R

R is the thermal insulation between the sample and the

8



jacket. Since the quantities R and c are a function of the
temperature it is not possible to integrate this cqxiation in the general
case. Ho\v(;ver, recording o£ the temperatures v/ith a millivoltmeter
(MECT) allows calculation of the power.

a) Heating and equilibrium curve

When, the calorimeter is inserted into the flux the
temperature 0 increases until it reaches a steady value 9 called the

- G
"equilibrium temperature". At equilibrium, equation [1] is written

[2]
(a - 3 )____o_e

R

9

T I M E

b) Cooling curve

If at a given instant which is taken as t = 0 nuclear
radiation is eliminated (by withdrawal of the calorimeter for example)
equation [1] is still valid with P = 0 and one has

as.
dt

9 - 0

giving at the cime t - 0

R mec e



Combining equations [2] and [3] gives:

P - m

This formula shows that in the most general case the
specific power is obtained directly by the measurement of the slope
at the origin of the cooling curve of the sample. Experience has
shown that this cooling curve is most often an exponential equation

[5 ]

8

ef C O O L I N G

t = 0

{e . GO) == (8 - eo)e
-t/t.

from which one derives

- e )o e

The combining of equations [ 3] and [ 6] gives

t = R meo e e

and equation [2] then becomes

P (
[8] p = -£ = -

(s - a )e o e
t .o

10



The specific heat c (at the equilibrium temperature
? ) is known.'e

The temperature difference between the sample and the
jacket at equilibrium {Q - 8 ) is measurable.

The "pseudo-period" is deduced directly from the
cooling curve (see procedure).

Calibration

The measurement procedure requires the- value of "t "
and therefore the curve of the exponential cooling of the calorimeter.
The latter is rapidly withdrawn into a zone where the flux is
negligible. The thermocouples are connected to a recording milli-
voltmeter with a rapid chart speed (~1 cm/5s) and the cooling curve
is measured directly. By plotting on semi-logarithmic graph paper
a straight line can be obtained and the pseudo period t is then equal
to the difference in the abscissae corresponding to a change in the
ordinates e - 2. 72. The reproducibility of independent measure-
ments is of the order of 5%.

LOG 6

e =2.72

C O O L I N G

( S E M ! L O G P L O T )

Note: A heating element can be inserted in the sample so thai the
calorimeter can be calibrated without removal during irradiation,
The calibration heating curve then has the shs-^e -hov/n below. The
measurement of the coefficient "t " of the expc:ic--. rial cocli.ig is done
as before. It is necessary to have direct or alter:-, ̂ ti-g supply of
70 V and 2A.

11



E El U l L I B R i U
I N S E R T I O N I M R E A C T O R

- Exponential Cooling Curve

E X T R A H E A T A D D E D
T O S A M P L E

T I M E

Results of the Measurements of March 11-14, 1970

(normalized to a power of 160 mWg"1 in 71)

Date

March 11

Time Position

March 14

12:00
14:00
14:30
15:00

10:00
15:00

102
82
72
62

62
92

Power mWg

30.5

101

187

368

418

55

.-i

P. Mas, P. Sciers, Y. Broulers, "Dosiraetry of Complex Reactor
Radiation by Calorimetry", CEA 2217 (1962)

12



THE-D.C. CALORIMETER

M., l.abrousso"" and J. Roger

j.)t:-s<....ri.ption and ...the Methods of Measure mem (Fig. 5} (Réf. 1)

This heat flow calorimeter with a solid neat transfer
medium comprises three cells each 20 mm in height _^,j£ in Figure 1
supported by pedestals screwed on to a heavy base _3., The central
cell careies~EKe absorbing sample _4_, the two others secve ta corrj-
pens-ate for the power absorbed in the. structure. Since they are
symmetrical with, respect, to the central cell any influence of flux
gradient iii the apparatus is 'eliminated.

Constantan aluminum thermocouples are soldered to the
base of each of the cells. The structure of the apparatus being
aluminum, only the constantan wires are required. The thermo-
couple <jrf the sampl-e cell 'J5_ is connected in opposition to those, of the
two compensating cells which are mounted in parallel. The connecting
wires are copper, the connections being made on a plate _8 fixed to
the base 3 .

The calorimeter is joined, to the end of a tube 7. 36 mm
in diameter assuring a good thermal contact between the base and
the water in the core.

The graphite sample is a hollov.- cylinder (interior
diameter 6 mm, exterior diameter 12 mm, height 20 mm). It is
mounted in the central cell. An axial hole in each of the three cells
contains a rod of alumina J9_ (diameter 2 mm, height ?.0 mm) \vith
the constantan heater the resistance of which has been previously
measured 10 .

The measurements are matte at equilibrium. The heat
produced escapes by conduction in the pedestal; the losse.s through
conduction to the air or by radiation arc n

The equation which is the bssis oC the Saclay calorimeter
is written:

Contre d'Ktudfc* Nu et «-air os tie Sn<:!ay, France,

13



D.C. SUPPir, « i N E T E R

1 0 C A L I B R A T I O N

T E M P E R A T U R E S

M E I S U R E X E K T « N O
C A L I B R A T I O N C I R C U I T

D.C. CALORIMETER (C.E.N. SACLAY)
Figure 5
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nip dl cm dT + AT/R dt

where m is the mass of the sample,
p the specific power produced in the sample,
t time,
c the specific heat of the sample,
T the temperature,
AT the difference in température between the cell being

measured and the constant reference temperature,
and R the thermal resistance between the two temperatures.

At equilibrium, the equation is written:

p = — ATm

where k is a calibration constant.

After having checked the linearity of the calorimeter by
electric heating, the measurement in the reactor is made in two steps:
the calorimeter is inserted into the desired position and the temperature
difference at equilibrium is measured; - without moving the
calorimeter a known amount of electric power is added to the nuclear
power induced in the sample for the calibration.

One can also apply a zero method: the temperature
difference between the sample cell and the two others is eliminated
by compensating for the nuclear heating in. the sample by the addition
of electric heating in the compensating cells. In this method, which
is more precise than the method of current addition, very careful
control of the operating conditions is required.

Performance and Applicatiois

The dimensions of this calorimeter were chosen fco
allow easy construction. Utilised mainly for routine measurements
in the core or in the periphery of swimming pool reactors, the design
of the standard instrument, answers the requirements of the irradiation
position and the operation of the reactor . In the same way, the
sensitivity of the calorimeter is adaipted to the conditions in this type
of reactor. Thus one can fix the lower limit of heating at 10 mW/g,
(with normal samples'); in this case, the relative e r r o r is estimated

15



to bo ~ 20%; on the other hand, at ~ 100 mW/g, the precision is
mvu'h be t t e r and the error loss l:han 5%. It is difficult to fix an
upper limit to the measurable power as this depends on the cooling
conditions of the assembly. It may be noted however that heating
rates of 15 W/g are measured continuously in the core of the reactor
Osiris (graphite sample) and the linearity o£ the response has been
checked up to 30 W/g; under these conditions, the temperature of the
base is about 300°C. From the technical point of view, the
construction of the D. C. calorimeter presents no difficulty and can
be done in a very limited time. The accuracy checked during
continuous measurements in a high flux is very satisfactory and the
requirements for measurements outside the reactor are limited to a
galvanometer, ammeter and a stabilized current supply.

For particular applications, D. C. calorimeters have
been constructed with samples of various kinds. For example, the
use of polyethylene samples (2) for the measurement of the contribution
of elastic scattering of fast neutrons to the total heating in the core
of the swimming pool reactor, and the measurement of the power
dissipated in fissile samples. With regard to the latter example it
should be noted that the compensating cylinders themselves can be
used as samples, thus discriminating between the various components
of the total heating (gamma and thermal fission).

We are now developing the adaptation of the D. C.
calorimeter to the measurement of power at high fluxes in samples
at a very high temperature.

Results of the Measurements Made in M élu sine

Two identical calorimeters were used and their
characteristics are given below:

Calorimeter Sample Compensating Weight of
_________ Res_j__stance__ CellL_Res 1 stance Graphite Sample

1 4. 726 fi 4.685 Q 3.095 g

2 4.712 il 4.730 fi 3. 115 g

The composition of the graphite: Si -f B + Al -J- Mg -f Ti < 2000 .ppm;
Fe < 400 ppm; Ca < 400 ppm; Va < 400 ppm; total of impurities
< 3000 ppm.

16



The f i r s t results obtained in the absence of the
monitoring calorimeter were not used.

In normalizing the results'to 160 mW/g in 71, one
obtains for the three positions

R = 456 ± 8 . 4 mWg"1 .(5 values)o*«

R = 208 ± 6 . 2 (3 values)

R0, = 102 (1 value)
o£

The errors are only given for 62 (2%) and 72(3%) for only, one
measurement was made in 82 during the operation of the monitor.
The values given above include results from both calorimeters.

In 62 the contribution of elastic scattering of fast
neutrons is about 25 mW/g, about 5% of the total heating (W -. T<p ,
T = 7 x 10~16 and p = 3. 6 x 1012 n cm'2 s"1). On the other hanel
this contribution is about 3% in 72 and becomes negligible in 82.
It should be noted that the error in the positioning of the center.of the
calorimeter with respect to the water box being about 4 mm, this
corresponds to an uncertainty of ±2% taking account of the distribution
and the attenuation of the flux.

Discussion

If the f irs t measurements made in the absence of the
monitor are included, assuming that they are normalized(160 mW/g)
the results are:

R'62 = 465 ± 10 rnWg"1 (7 values)

R' = 213 ± 1.0 rnW^-1 (6 values)
( i-j

R1 = 108 ± 3. 5 rnWg-3- (4 values)
o2

The range of the measurements is thus greater but ifc
can be said that the error does-not exceed 5%. Furthermore the
heating rate in 71 was, for the first measurements, probably greater
than 160 mW/g.

17
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MEASUREMENTS MADE BY VINC A-CALORIMETER S

Branislav B. Radaic1"

Description of the Device and the Method of Measuremetit

A cross section of the "V inca-Heat-Flow calorimeter
is shown-in Figure 6. The sample container 2_ (10 mm diameter,
50 mm .high, 0.25 mm. wall thickness) is centred in the jacket JL^
(48 mm diameter, 100 mm high, 2 mm wall thickness) by styrofoam 3
which acts as the homogeneous heat transfer medium. The calibra-
tion heafcerjjj a coil wound on a thin hollow paper cylinder is placed
inside the sample container. The temperature difference between the
sample container and the jacket was measured with a copper-con-
stantan thermocouple £>. The lid 1_ served also as a support to which
the cable was fastened. Two calorimeters were constructed.
Particular attention was paid to counterbalance the mass of aluminium
capsules (better than 1% of the weight). In one calorimeter the
sample container was empty (the "empty" calorimeter) in the other
one a known mass _4 of graphite was placed.

In the measurement a steady heat flow method was used.
The calorimeter was placed in. the radiation field to be determined;
after some time the steady temperature difference between the body
and the jacket was attained and measured. This difference is
proportional to the rate of -energy deposition in the sample assembly
following the relation

AT - aP

where, /iT is the steady temperature difference in |aV, P is the
rate of energy deposition in the body in mW, a is the calibration
constant in jiV/mW obtained by previous calibration using the
calibration heater. A chart recorder of 2 mV full scale is used for
recording the temperature difference as a function of time. The
calibration was done in the laboratory, although it can be checked
during the measurements in the radiation field.

Each calorimeter was mounted in a long (2. 5 m) water
tight aluminum tube constructed so as to keep the sample at the height
of the maximum flux. Since the calorimeter was a tight fit in the
tube, the temperature of the jacket was practically the same as the

Boris Kidric Institute of Nuclear Sciences, Vinca, Yugoslavia
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Figure b
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temperature of the water in the reactor. Measurements have been
performed in the same positions and the same reactor power with
both calorimeters. In this way the values of the rate of energy
deposition were obtained for both calorimeters. Energy absorbed
by the graphite itself is then obtained by subtraction of the value for
the empty sample container. It was then essentially a differential
measurement divided into stages. Therefore there was no need for
additional corrections for secondary effects (as e. g. wall effects)
to be applied to the final results.

The Vinca calorimeter (1-7) was developed in a
laboratory for radiation chemistry where it is currently used for the
measurements of absorbed doses in aqueous and similar media. It
is therefore particularly suitable for liquid, or in general - poor
heat conducting samples. In this respect the thin aluminum sample
container plays an essential role as it equalizes the temperature
along the surface of the sample assembly (3,4). The main disadvantage
of this device is that it can be used only in a moderate temperature
region, i.e. temperature of the sample container must not exceed
90°C, since the styrpfoam begins to soften.

Results

Table 1

Essential Data on Calorimeters

Calorimeter Al-capaule Heater Sample a.
g g ohms g (iV/mW

Empty 1.28 0.20 1234 - 4.06

Graphite 1.28 0.24 1210 2.21 4.12

21



Table 2

Results of Calo rime trie Measurements in Reactor Melusine

14 March 1970

Experimental Empty
Hole

082

092

102

T

940

515

295

300

P
mW

233

127

73

74

Graphite
T P
jxV mW

1850

1065

640

630

450

258

155

153

mW/g
Graphite

98.3

59.4

37.0

36.0

mW/g
Graphite

normalized*

102. 5

62.0

37.2

Normalized to the monitor-calorimeter value of 160 mW/g graphite.
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MEASUREMENTS WITH THE HUNGARIAN HEAT-FLOW CALORIMETER

L. Bod"

This calorimeter, like the others, consists of three
essential parts:

1) the calorimetric sample; the. radiation energy absorbed therein
is to be determined;

2) the jacket; a well defined environment which includes the
calorimetric «ample;

'3) the heat transfer medium, separating the former two.

The measurement with this calorimeter consists of the
determination of the equilibrium temperature difference between the
calorimetric sample and the jacket of the calorimeter in the radiation
field. From this the radiation energy absorbed in the calorimetric
sample can be evaluated.

This type of calorimeter is frequently described as an
isothermal calorimeter on the basis that after the equilibrium
temperature has been reached, the temperature of the sample does
not change, i, e. it remains isothermal. But measuring the
temperature of the sample from the instant of placing it in the radiation
field we find that this temperature changes, in the way determined
by the well-known differential equation

_ _ _ k ( T_T > ) .
dt me x j

Here w = the heating power (the rate of energy deposition)

m = the mass of the calorimefcric sample

c - specific heat of the substance of the calorimetric
sample

T = temperature of the calorimetric sample

T. = the constant temperature of fche jacket

k = heat conduction coefficient.

Central Research Institute for Physics, P.O. Box 49,
Budapest 114, Hungary,
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It can be seen from [, 1] that when the sample
temperature is constant, i. e.

then the heat energy deposited in the sample equals that which flows
out i, e.

'.,

[2] -^- = k(T - T.)1 J me e j

and this is why we prefer the terminology: heat flow calorimeter.
In [2] T = the equilibrium temperature of the sample. It is
apparent from [ 2] that the heating power or rate of energy deposition
is

[3] v/ = mck(T - T.) = mck ATe j

The factor mck is determined in a calibration procedure making use
of the electrical heater built into the sample.

Energy from the radiation field is absorbed not only by
the sample, b'ut also by the structural materials of the calorimeter.
Therefore not one, but two calorimeters are constructed. The
second calorimeter is the same as the first one, except that it has
no sample. This second calorimeter, called as the "empty calorimeter"
serves for the measuring of the "back-ground". The two calorimeters
together form a differential calorimeter that has to be used in two steps.

The Hungarian calorimeter (Fig. 7) is a version of the
Vinca calorimeter [ 1] adapted to the core of the Hungarian WWR-SM
reactor. The jacket of the calorimeter is a stainless steel tube,
outer diameter 28 mm and wall thickness 0. 4 mm. The sample is a
graphite cylinder, outer diameter 13 mm, 55 mm long and 2 mm wall
thickness. The calibration heater, with a resistance of 250 Q mounted
on a thin film of mica, is set inside the sample. The graphite sample
with the calibration heater is contained by a thin aluminum capsule
(0.2 mm wall thickness). This capsule is needed to ensure that the
surface temperature of the calorimetric sample is uniform. The
capsule is suspended in the center of an aluminum cylinder, 0. 2 mm
wall thickness, which fits tightly into the stainless steel jacket. The
two thermocouples (copper constantan) shown in Figure 7 are connected
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so as to give the difference in temperature between the sample and
the jacket.

L E A D - T H R O U G H

A I - C U I N D E R

H E A T E R

1 4 / 1 3 . 8

U-CAPSttLE

T H E R M O - C O U P L E

6 R A P H I T E
C A L O R I M E T R I C - 8 0 D '

S T A I N L E S S S T E E L J A C K E 1

Figure 7 - HUNGARIAN HEAT FLOW CALORIMETER
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?rhe thermocouple and the heater are connected to
glass-insulated lead-throughs. The purpose of the small tube built
into the bottom of the jacket is to evacuate the absorbed gases after
connecting the calorimeter to a vacuum pump and making use of the
calibration heater. This out-gassing increases the stability of the
sensitivity of the calorimeter. Finally the calorimeter is filled
with N2 at atmospheric pressure and the small tube is sealed. This
Ns is the hea<- transfer medium of thr calorimeter.

The completed calorimeter is calibrated. The
calibration, heater of the calorimeter is fed from a stabilized power
supply. The power is determined by using a precision microammeter
and a digital D. C.-voltmeter. The resulting temperature "difference
is registered by a recording millivoltmeter. Dividing the temperature
difference measured in microvolts by fche power measured in milliwatts
gives the sensitivity of the calorimeter S in [TV/mW at the given
temperature difference. In. Figures 8 and 9 the calibration curves
of our calorimeters used in the reactor MELUSINE are plotted.

The measurement in the reactor MELUSINE was done as
follows: First the empty calorimeter was inserted in position 82, which
had the smallest dose rate of the positions to be used for the measure-
ments. The temperature difference due to radiation heating was
registered by a recording millivoltmeter. After the temperature
difference reached equilibrium this calorimeter was placed into
position 72, in which the dose rate was higher. The graphite
calorimeter was then inserted into position 82. In the next step the
empty calorimeter was placed in position 62 and fche graphite calori-
meter in position 72. The graphite calorimeter was finally placed- in
position 62. From ibe measured values the energy absorbed by the
unit mass of the graphite in the different positions was determined as
follows: The temperature differences measured in fxV by the empty
and the graphite calorimeter s respectively were divided by the
sensitivity S taken from the curves. From the heating power obtained
in this way for the graphite, I'.ie empl/ calorimeter heating power was
subtracted. The difference was divided by the mass of the
graphite sample and we obtained the following resulcs:

MELUSINE position_____________82_______72______62_____

absorbed dose in graphite
(mW/g)* 104 196 435

* The results are normalized to 160 nnW/g monitor value.
The mass of the graphite calorimetric body: 3. 9502 g
The total mass of Al-capsule + heater: 2. 3525 g
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To sum up it can be staked that this type of calorimeter
is advantageous because

1) its construction is relatively simple;

2) it can be calibrated in advance, therefore the evaluation of the
measurement data is simple;

3) it can be recalibrated after the measurements, thus it can be
corrected if there is any change in the sensitivity of the
calorimeter;

4) the differential measuring principle makes unnecessary any
correction in {he evaluation of the measurement results.

A drawback of the calorimeter resulting from the
differential measuring principle is that in one position and at one
reactor power two measurements have to be accomplished instead of
one.

Reference

1) L. Bod and B. Radak. "An Absolute Dosimetric Calibration
of VK-3 and VK-7 Experimental Holes of the RA Reactor with
the Use of Calorimeters11, Bulletin of the Boris Kidric Institute
of Nuclear Sciences, Vol. 20, Chemistry No. 2.
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MEASUREMENT OF HEATING RATE IN GRAPHITE IN

'MELUSINE' REACTOR

M.P. Navalkar*

It is known that a sample exposed to reactor radiation
absorbs energy which manifests itself as heat. This process of
'energy deposition' by reactor radiation is conveniently expressed
in milliwatts per gram of the material and is measured absolutely
using a calorimeter. The calorimeter is operated generally under
two modes, adiabatic or isothermal. In adiabatic calorimeters, the
rate of heating is measured directly whereas under isothermal mode
the rate of heating is determined by measuring the heat transfer
coefficient between the sample and the jacket and the steady state
temperature difference. Though the two operations are fundamentally
different, it is possible to use the same calorimeter for both. In
the present work we have adopted the 'temperature difference' method
with the calorimeter.

The calorimeter which was designed for the present
work consists of a specimen wholly enclosed in a jacket. Under
irradiation, the sample absorbs energy and its temperature increases.
The equilibrium temperature difference between the sample and the
jacket is measured. The temperature difference AT is given by

[1] AT = KmH

where - . H = Heat input/gm/second

m = mass of the sample

K = reciprocal of the thermal conductance between
the sample and the jacket.

The const?.nt 'K' is determined experimentally by
electrical calibration, A resistance wire of copper (40 B.S. G.) is
wound on the sample and the temperature difference as a function of
heating current is measured. From the resistance of the wire and

Bhabha Atomic Research Centre, Trombay, Bombay, India.
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the current, K is determined usinj; relation [ 1] . A schematic
circuit diagram for this arrangement is shown in Fig. 10.

The design of the calorimeter follows closely that
described by Richardson (1) and others. It is also shown in Figure
] ° It is made from IS aluminum and is made watertight using
ara-dite. The specimen is a samj e of graphite (2. 5 cm length,
1.25 cm dia. ) weighing 6. G85 gmc and is suspended inside the jacket
with fibreglass thread. The temperature was measured using
40 gauge chromel alumel thermocouples.

The experimental values for the heating rate normalized
to a fixed power (corresponding to 160 mW/gm) are given in Table I.
These values were calculated using [ 1] and the experimental
temperature difference measured in two irradiation positions. The
values measured are the total heating rate due to all the three
components i.e. y-rays, fast neutrons and thermal neutrons. Since
the jacket is made of aluminum it may contribute to the heating
produced in the sample due to neutron capture "y-rays. However,
calculations of heating produced in sample due to capture y-rays in
aluminum jacket in the present geometry and the existing thermal
flux show a contribution which is less than 1%. This is much below
the experimental uncertainties which are of the order of ± 5% and hence
is neglected.

Table I

Heating rate in milliwatts /gram in graphite in the reactor Me lu sine

Positic i of Temperature Heating rate normalized
Irradiation difference in °C to fixed power level.

(160 mw/gm)
82 6.08 r J 99

72 12.55°C 202

Reference

1) D.M. Richardsoi. USAEC Report ONRL-129.



MEASUREMENT OF TEMPERATURE
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DOSE RATE MEASUREMENTS BY WNRK CALORIMETERS

K. K. Mehta*

The design of the calorimeters developed at the White-
shell Nuclear Research Establishment of Atomic Energy of Canada
Limited was obviously influenced by the objectives of the dosimetry
program at WNRE as well as the facility and the environment present
in the WR-1 reactor. The preliminary objective was to measure
the nuclear radiation energy absorbed by the organic coolant but
with time this objective has been broadened to measurement of
energy absorbed by various reactor materials. A typical WR-1 fuel
assembly is 8 ft. long, consisting of 5 bundles. There are 18
elements in each bundle, arranged in two rings of 6 and 12, with a
central hole. This 1/2 in. diameter hole, which is open to atmos-
phere, Is the only facility in the reactor where a dosimeter may be
placed. The other important parameter is the ambient temperature
in the dosimetry hole, which is about 450° C.

The small size of the calorimeters meant that we could
not have a calibration heater within the sample. This would have
not only compliqated the design, but also introduced significant
amounts of foreign materials into the sample. Also, due to the size
of the calorimeters, we decided against a heater in the stainless steel
jacket. This precluded the use of the adiabatic method for measuring
the dose rate.

Figure 11 gives the details of our calorimeter. The
jacket is made of stainless steel, as graphite would have required
3 to 4 times the wall thickness to stop the electrons generated outside
from reaching the sample. The sample material is graphite with -
a density of 1. 56 g/cm3. The sample is supported by a commercially
available thermal insulator called Lavât, which has a composition
similar to aluminum silicate. The two thermocouples are K type

* Whiteshell Nuclear Research Establishment, Atomic Energy of
Canada Limited, Pinawa, Manitoba, Canada.

t Available from American Lava Corporation, Chattanooga,
Tenn. , U. S.A.
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(ehromel-alumel), MgO-insuié»ted and stainless steel-shoalhed. The
outside diameter of the thermocouple is 1.02 mm, but is reduced
to 0. 51 mm at the thermocouple junction end. The s ample-thermo-
couple is located in the centre of the sample while the outer one is set
within the jacket and soldered.

We have two types of c lorimeters with different
thermal gaps; in one the thermal gap is provided by ultra pure argon
and in the other by Lava. The main advantage of Lava over gases
is that there is no heat transfer by convection or radiation, especially
at higher temperatures. Also, a calorimeter with a solid thermal
gap is easier to construct. Among the advantages of an argon gap
over Lava, the most important is the fact that there is negligible
amount of heat generated in it. In the case of appreciable heat
generation, the heat transfer equation is very complex, and the steady
heat flow concept cannot be used for such calorimeters. Also, the
thermal conductivity of Lava is about 4 times that of argon, thus
reducing the sensitivity of the calorimeter.

For a system, like the calorimeter with a gas gap, the
following heat transfer equation holds good:

dl „
[1] -ÎT = •*-' — (T - T . )L J ât s ms s j

where T ,T. = sample and jacket temperatures, measured
S i as a function of time

q = rate of energy absorption by gram of sample
material (ergs/g. sec. )

s = specific heal oî the sample material, known
frc:ri literature or independently measured"'
(ergs/g. °C)

m = mass of sample material, independently measured

K = heat transfer coefficient for the thermal gap.

*
The specific heat of the graphite sample was measured in our
laboratory at various temperatures within ± 1. 5%. See also
Table I.
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Table I

Specific Heat of Graphite as Measured at WTNTRE

Temperature Specific Heat
< ° C ) (cal/g, °C)

40 0.183

65 0.199

90 0.219

There are three different methods of measuring q.

Method I

The calorimeter is introduced in the radiation field,
and the two temperatures are monitored continuously. Thus T , T.
and oT are known as functions of time, and these values can beJ

—— fitted to eq. [ 1] using a computer code to yield the best
values for q and K.

Method II

Pseudo-adiabatic or cross-over method: Generally,
the ambient temperature in or near the reactor core, where the dose
measurements are made, is higher than at the location where the
calorimeter was before its introduction into the radiation field.
Hence, as soon as the calorimeter is introduced into the radiation
field, the jacket- thermocouple experiences a higher temperature than
the sample- thermocouple. Since eventually the s ample -thermo couple
should reach a higher temperature, at some point in time the two
temperatures will be equal. At this cross-over point no heat is
transferred between the sample and the jacket, and eq. [ 1] becomes

.
s J

Thus, the measurement of the rate of increase of sample-temperature
when T = T. yields directly the value of the dose rate, q.s J
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Since no heat transfer is involved through the thermal
gap, this equation holds also for the case of the Lava gap.

Method III

Steady heat flow method: If sufficient time is given
(in our case, it was about 10 minutes), the two temperatures will
reach steady values, T°andT? ; T° being greater than T? . Again,
eq. [1] yields s j s j

q = — (T° - T°. }.m s j

T° and T? are measured, and the mass m of the sample is
previously known. The thermal coefficient K is measured by
monitoring T and T. while the calorimeter is allowed to cool outside
the radiation field.

At the Melusine reactor, the second two methods were
used for the argon-gap calorimeter, while for Lava, only the second
method, viz. , that of temperature cross-over, was used. Two runs
were made in each of the three locations with each calorimeter. To
begin a run, the calorimeter was placed at least 60 cm above the
reactor core. The two temperatures were measured and recorded
continuously on a chart paper throughout the experiment. Next, the
calorimeter was introduced quickly into one of the reflector positions
of Melusine. Soon {within less than a minute) the cross-over occurred
and within several minutes the two temperatures reached equilibrium.
Once the temperatures were sufficiently steady, the calorimeter was
withdrawn from the radiation field and allowed to cool, for the
measurement of K.

The wiring circuit used is as shown in Figure 11. For
recording the temperatures, a Meci dual channel recorder was used.
To increase the sensitivity of the recorder, a precision voltage source
was put in series to oppose part of the thermocouple signal. The cold
junction was essentially at the input jack of the recorder.

The measured values for the rate of energy absorption
(q) in graphite in various locations are listed in Tables lia and lib.
Also included in the tables are various corrections. The important
correction is due to capture gamma rays originating in different parts
of the calorimeter and reaching the sample. This contribution, as
listed in the third column, should be subtracted out from the measured
value of q. Corrections are also necessary co a .count for the shielding
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Table lia.

Dose Ra le in Graphile Measured by Argon-gap Calor imeter
(monitor signal - 161 rnW/g)

Uncorrected q
(mW/g)

Position Method
II III Avg.

62 405 417 409

401 415

11 194 183 189

191

82 112 108 111
114 111

ss Jacket Shielding due
(n, Y) cont-ibution to (% of q)

(mW/g) jacket Lava sample

25 3.5 -~ 2

11 3.5 — 2

3 3. 5 2

Corrected q
(mW/g)

(normalized to
160 mW/g)

403

186

113

Table lib.

Dose Rate in Graphite Measured by Lava- gap Calorimeter

(monitor signal = 1 5 5 mW/g)

Uncorrected q
(mW/g)

Position Method
II III Avg'

62 398 - 391
385

72 177 - 176

175

82 109 - 101

93

s s jacket & Lava Shielding due
(n, Y) contribution to (% of q)

(mW/g) jacket Lava sample

26 3.5 2 2

11 3.5 2 2

3 3 . 5 2 2

Corrected q
(mW/g)

(normalized to
160 mW/g}

405

183

109
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«if the- core ga.mma rays d«<> to various parts of lh«» calorimeter;
these corrections arc listed in the fourth column. Corrections
should also be.applied for the electrons which are leaking out of the
finite sample. Fortuitously, though, the electrons entering "the"
sample from the stainless steel jacket or Lava approximately balance
this electron leakage. The final corrected q value then is normalized
to the, monitor calorimeter (located in lattice position 71) signal of
160 mW/g (the last column).

From the tables, it is clear that the two calorimeters
agree very well with each other. Weighting them equally, the
total dose rate in graphite is 404, 185, and 112 mW/g at the reflector
positions 62, 72 and 82 respectively, normalized to 160 mW/g in
position 71 as measured by the monitor calorimeter.
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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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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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HARWELL GRAPHITE CALORIMETER

J. K. Linacre'

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

o LABORATORY CALIBRATIONS\o\

c/

+ IN PILE CALIBRATIONS
(MELUSINE)

N

.THEORETICAL CURVE
N2 GAS FILLING

0,4

0.3

0.2
100° 200° 300°

JACKET TEMPERATURE °C
400* 500 '

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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