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Fuel assemblies of the IEA-R1 research reactor were probed in calorimetric experiments. A special calorimeter
was commissioned for that purpose. A theoretical model was proposed for the calorimeter. The fuel assemblies
EC214, EC210 and EC207 were probed with cooling times ranging from 22 hours to 1043 days and declared U-
235 burnup ratios ranging from 36 % to 45 %. Decay heat power was measured in the range of 4,1 W to 90 W,
within +5 % uncertainty. Because decay heat power is closely correlated to the actual inventory of fission

products, the calorimeter was proven suited for enhancing non-destructive characterization of irradiated fuel

assemblies.

1. Introduction

The IEA-R1 is an open pool research reactor which has been opera-
tional since 1957. Spent fuel characterization is an issue that tends to
gain relevance as decommission becomes imminent and demand for
spent fuel assembly transportation and storage is anticipated.

The inventory of fission products is of utmost importance for spent
fuel characterization and is usually assessed by means of burnup
calculation codes. Such calculations are often validated by means of fuel
burnup verification, which is usually achieved through complex,
expensive radiochemical analysis (International Atomic Energy Agency,
2009; Momotova et al., 2021; Roach et al., 2022). On the other hand,
fuel assembly decay heat, which is closely correlated to the actual in-
ventory of fission products (Tobias, 1980; Gauld, 2019), can be assessed
through relatively inexpensive methods. Although intrinsically less ac-
curate, non-destructive experimental evaluation of fuel assembly decay
heat is perceived as a potential means toward the validation of fission
products inventory calculations which is expected to be cost-effective.

In view of that, a batch of simple experiments were proposed in order
to accurately assess the heat power generated by decay of fission
products accumulated in irradiated fuel assemblies of the IEA-R1
reactor. A special fuel assembly calorimeter was commissioned for
that purpose. The calorimeter is presented in this work, as well as the
very first calorimetric experiments performed with its use.
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2. Materials and methods
2.1. The IPEN fuel assembly calorimeter

The IPEN fuel assembly calorimeter features a submersible mea-
surement vessel, a detachable lid and a movable control rack. The vessel
is a 0,23 m diameter, 1,6 m high cylinder with hollow walls. Most of the
vessel parts are made of machined high-density polyethylene. The
measurement chamber is roughly 1 m high and is suited for regular IEA-
R1-type fuel assemblies, which can be inserted through a 0,14 m
diameter opening. The chamber features an embedded electric heater,
which is used for calibration.

Heat flow sensors are embedded in the side walls of the vessel. The
sensors are assembled in a 12x16 array to form a 0,31 m? 12-sided
prismatic heat sensitive surface, which roughly corresponds to 1/3 of
the outer surface of the vessel. The heat flow sensors are 0,04 m x 0,04 m
BisTes thermoelectric modules (Everredtronics Ltd, 2018).

A small water pump is embedded in the vessel lid. The pump is used
to force water circulation throughout the chamber volume, thus
improving temperature uniformity.

The control rack features a data acquisition system, an unin-
terruptible power unit and a PC-type computer. The calorimeter is
operated via LabVIEW virtual instruments.

Received 10 November 2023; Received in revised form 15 February 2024; Accepted 22 February 2024

Available online 13 March 2024
0029-5493/© 2024 Elsevier B.V. All rights reserved.


mailto:acprado@ipen.br
www.sciencedirect.com/science/journal/00295493
https://www.elsevier.com/locate/nucengdes
https://doi.org/10.1016/j.nucengdes.2024.113053
https://doi.org/10.1016/j.nucengdes.2024.113053
https://doi.org/10.1016/j.nucengdes.2024.113053
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nucengdes.2024.113053&domain=pdf

A.C. Prado et al.
2.2. Theoretical model for the calorimeter

As long as the vessel lid is in place, the measurement vessel can be
regarded as a closed system, which has the reactor pool water as its
surroundings (Fig. 1).

All the energy that enters the system comes either from the sample
inside the chamber (decay heat from a fuel assembly), from the cali-
bration heater or from the water circulation pump. Follows from the first
law of thermodynamics that this energy adds to the internal energy of
the system, by rising the average water temperature inside the chamber,
until it eventually leaves the system, rejected to the cooler pool water,
through the vessel walls. The energy balance of the system can be
summarized as

S+H+P=dU/dt+R, e))

where S = decay heat power generated in the probed fuel assembly, H =
power applied to the calibration heater, P = power applied to the water
pump, U = internal energy of the system, R = heat power rejected
through the vessel walls.

Assuming all the system internals are incompressible, an approxi-
mation may be taken:

S+H+P > CdT/dt +R, )

where C = the equivalent heat capacity of the system and T = the mean
temperature inside the measurement chamber.

Thermoelectric devices are used in the IPEN calorimeter as heat flux
sensors, which is a consolidated practice in microcalorimetry (Wadso,
1997). Thermoelectric devices have the distinctive property of gener-
ating a measurable voltage which is proportional to the rate of heat
exchange through its sensitive surfaces (Nolas et al., 2013):

ved, 3)

where g = the rate of heat exchange and v = the corresponding gener-
ated voltage.

Each side of Equation (3) can be summed over the full array of
sensors installed in the measurement vessel walls, which leads to

Ve, Q)

where V = the aggregate generated voltage and Q = the rate of aggregate
heat exchange.

Due to the thermal isolation provided by the vessel walls, the heat
flux sensors themselves constitute the path of least resistance for rejec-
tion of heat power R. Hence, most of the rejected power is conducted
through the heat flux sensors, which makes R and Q closely correlated to
each other. Now, follows from Equation (4) that, since R and Q are
correlated, R is also correlated to V:

R = aV + b, %)

where a and b are defined as the calibration constants of the calorimeter.
Equation (5) can be used to rewrite Equation (2):
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Fig. 1. Schematic representation of the calorimeter vessel while submerged in
the IEA-R1 reactor pool.
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S 2 aV+b+CdT/dt—H — P. (6)

Now, since V, T, H and P can be easily measured and C can be estimated
from design data, Equation (6) provides a means to assess the heat power
S generated by a sample inside the chamber.

Equation (6) is derived from an approximation which relies on the
fact that most of the heat R is rejected by means of conductive heat
transfer (Equation (5). Actually, some convective heat exchange must be
expected to take place as well, and even radiative heat exchange be-
comes significant as R approaches the operational power limit of the
calorimeter (1 kW). Since both convective and radiative heat transfer
have significant nonlinear dependence on the temperature differences
that cause heat power R to be rejected, constants a and b on Equations
(5) and (6) must be expected to vary among different intervals of R.

For the special case in which no power is generated and the system
has reached a steady state, Equation (6) reduces to

aV+b =0. @

But since no power enters the system in this case, the principle of con-
servation of energy can be invoked to prove V must also be zero
(otherwise electric power could be produced out of nothing), which
leads to

b =0. ®

Follows from Equations (7) and (8) that, as long as the total power
entering the system is close enough to zero, Equation (6) can be further
simplified:

'~ 4V =CdT/dt — H — P. 9

Equation (9) will be proven useful for probing dim heat sources, when S
is close to the lower limit of the measurement range.

2.3. Probed fuel assemblies

IEA-R1 fuel assemblies EC214, EC210 and EC207 were probed in
calorimetric experiments. Both fuel assemblies have U3Sio-Al dispersion
fuel, with U density of 3,0 gcm’3. EC214 has been part of the reactor
core since October 2011, and its U-235 burnup was declared 37 % when
the experiments were carried out. EC210 has been part of the core since
June 2011, and its U-235 burnup was declared 43 % when the experi-
ments were carried out. EC207 had been part of the core from January
2011 to December 2018, and its final U-235 burnup was declared 45 %.

The IEA-R1 DMPV-01 was also used in the experiments. Bearing no
fissile material, the DMPV-01 is a dummy assembly which was devised
for in-core flow distribution assessment (Torres et al., 2003). The DMPV-
01 was kept inside the measurement chamber while calibration data
were collected. This procedure was intended to ensure the reproduction
of the water flow pattern that was expected during experiments with
true fuel assemblies.

3. Results

The measurement vessel was installed in the reactor pool (Fig. 2).
The control rack was installed in the reactor pool side.

3.1. Data acquisition

The electric calibration heater is connected in 4-wire mode: power is
supplied through two wires while voltage is measured trough the other
two. The 4-wire mode allows the measurement of the voltage over the
heater itself, irrespective of the voltage drop over the cables through
which the power is supplied. The voltage over the heater is sampled on
one of the analog inputs of a 12-bit analog-to-digital converter (National
Instruments DAQCard 6062E).
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Fig. 2. The vessel of the IPEN fuel assembly calorimeter and the vessel lid, both
submerged in the IEA-R1 reactor pool.

A precision shunt resistor (Vishay VCS301) is used in order to probe
the current that flows through the heater driving circuit. The corre-
sponding signal is sampled on another channel of the DAQCard 6062E.

The heater is driven by an alternative current (AC) power supply.
The energy effectively transferred to the heater (H) is calculated for each
period of 1 s. The calculation is performed by means of numerical
integration of the product voltage-current over the corresponding sets of
samples. The average power is calculated accordingly.

Sampling of both voltage and current relative to the water circula-
tion pump are performed analogously to the sampling of voltage and
current relative to the calibration heater. The pump is driven by a direct
current (DC) power supply. The average power effectively transferred to
the pump (P) is assumed as the product (average voltage)-(average
current).

The analog channels are sampled at 30720 Hz, which is an integer
multiple of the fundamental frequency of the local energy distribution
lines (30720 Hz = 512-60 Hz). This is a good practice for reducing the
effects of electromagnetic induced noise. The multiple 512 was chosen
as high as possible, given the limitations of the analog-to-digital con-
version hardware.

All analog channels used in voltage and current sampling were
calibrated against a precision digital multimeter (Fluke 8846A).

Water temperature is measured by means of resistance temperature
detectors (RTD). Excitation current and signal conditioning are provided
by SCC-RTDO1 modules (National Instruments). All channels used in
temperature sampling were calibrated against a precision thermometric
bridge (Automatic Systems F700).

Uncertainties on sampled voltage, current and temperature are
mostly due to the offset and gain temperature coefficients of the analog-
to-digital converter. This is due to the ambient temperature fluctuations
at the pool side, where the data acquisition system was installed. Pool
side temperature fluctuates between 18 °C and 31 °C, which is partly due
to the mean temperature of the pool water, which peaks around 40 °C.
Irregular operation of the local air conditioning system also contributed
to the relatively high ambient temperature span at the reactor pool side.

The thermoelectric voltage V is sampled on the analog channels of a
16-bit analog-to-digital converter (National Instruments DAQCard Al
16XE 50). All analog channels were checked for offset errors. Absolute
offset errors were found on the order of 10™* V or less, which was
assumed acceptable.

The calibration against a precision voltmeter was dismissed for the
channels used in thermoelectric voltage sampling. Rather, those chan-
nels were calibrated against known heat sources, which is shown next.
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3.2. In-pool calibration

As long as calibration is performed with no decay heat source (S = 0),
follows from Equations (2) and (5) that

H+P—CdT/dt = R = aV +b. 10)

With the vessel submerged in the IEA-R1 reactor pool, controlled power
was applied to the embedded electric heater, and the thermoelectric
voltage was measured for different levels of power in the range 0 ~ 100
W. Data shown in Fig. 3 were calculated from experimentally sampled H,
P, dT/dt and V, which were averaged over 3600 s intervals. The equiv-
alent heat capacity was calculated from design data, which led to C = 90
kJK L.

In view of Equation (10), a linear model was fitted to the data points,
which produced the calibration constants (Fig. 3)

a=(21,55+0,06)W/V and an

b=(0,4+0,2) W. 12)

3.3. Measurement lagging time and lagging error

Data samples were taken while controlled power steps were applied
to the calibration heater. A power step I of 200 W height and transition
at t =ty is shown in Fig. 4, as well as the calorimeter response O and the
calculated deviations. Notice that the normalized absolute deviations
are reduced to 5 % or less, provided at least 1 h has passed since ty. This
was found typical when the calorimeter is operated in forced circulation
mode (P > 0). Accordingly, the measurement lagging time 7 relative to
forced circulation mode was assumed not greater than 1 h.

The calorimeter was also probed for transient response in free cir-
culation mode (P = 0), for which the measurement lagging time was
found not greater than 2 h.

Relative to the actual power I shown in Fig. 4, the calorimeter
response O is delayed in time, which is mostly due to the heat capacity C.
In fact, at any given time t, O(t) provides an estimate for the actual
generated power I(t"), averaged over (t-7) < t’ < t, within +5 % error.
What matters at the time t though is I(t’) averaged over (t-7/2) < t’ < (t
+ 7/2), which must be assessed as O(t + 7/2). Now, provided O has a
near-constant slope, the error due to lagging time can be approximated
by

La~I(t—1,0) —1(t—1/2,t+1/2) = O(t) — O(t + 7/2) = —1/2(d0/dx(t) ),
13

where L is the error due to lagging time 7 and I (t;, tp) is the average
value of I(t) over the time between t; and t.

Measurement lagging time is a cause of error when calorimetric
experiments are carried out with time-dependent sources of power, such
as irradiated fuel assemblies. Although Equation (13) is not reliable for
power prediction, it will be useful when calculating the contribution of
lagging error to the total uncertainty on S.

3.4. Decay heat power measurements

The EC214 was probed after 16 cooling hours. Decay power S was
found by solving Equation (6) and is shown in Fig. 5, as well as the water
pump power P and the internal energy variation CdT/dt. Notice that S
falls as cooling time increases, which is in agreement with Wigner-Way
analytical predictive model for decay heat after reactor shutdown
(Lewis, 2008).

The EC214 decay heat power was found

S = (88 £2)W — (3,70 £ 0,05)(t/hour — 22)W, 14

where t is the cooling time in hours and 21 < t/hour < 23.
The EC214 was also probed after 40 cooling hours, which resulted in
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Fig. 4. Measurement lagging time in forced circulation mode.

S = (46 + 1)W — (0,90 = 0, 04)(¢/hour — 46)W, (15)
where t is the cooling time in hours and 45 < t/hour < 47.

The EC210 was probed after 40 cooling hours. In this instance the
calorimeter was operated in natural circulation mode (P = 0). Decay
power S is plotted in Fig. 6, as well as internal energy variation CdT/dt.

The EC210 decay heat power was thus found

S = (87 £2)W — (1,56 £ 0,05)(/hour — 46)W, (16)

where t is the cooling time in hours and 45 < t/hour < 47.
The EC210 was also probed after 65 cooling hours, which resulted in

S = (63 1)W — (0,51 £ 0,04)(t/hour — 72)W, 17
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Fig. 6. Decay heat power from EC210 with cooling time around 46 h.

where t is the cooling time in hours and 71 < t/hour < 73. found

The EC214 was probed after 500 cooling hours. In this instance S=(11,2+0,4)W — (0,01 %+ 0,02)(¢/hour — 500)W, 18)
decay power S was averaged over 1800 s sampling intervals, which
produced the results shown in Fig. 7. where t is the cooling time in hours and 475 < t/hour < 525.
The experimental data points shown in Fig. 7 were proved in good
agreement with the Wigner-Way formula for total decay heat after
reactor shutdown (Lewis, 2008). The average decay heat power was
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Fig. 7. Decay heat power from EC214 with cooling time around 500 h.

3.5. Concurrent calibration and decay heat measurement

The EC207 was probed after 1033 cooling days. Using calibration
constants a and b (Equations (11) and (12)) the decay heat power was
found (3,9 + 0,4) W. In order to improve the measurement accuracy at
this low power condition, a special procedure was devised by rear-
ranging Equation (9) so that
H+P—-CdT/dt 2R ~2dV-S. 19
No power was applied to the heater in this case (H = 0). The left-hand
side of Equation (19) was calculated from samples of P and T. The re-
sults are plotted in Fig. 8 as a function of the measured thermoelectric
voltage V. The plot refers to averaged values over 1800 s sampling in-
tervals. In order to concurrently find the slope a’ and the intercept (-S”),
a linear model was fitted to the data points, which produced
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Including propagated uncertainties due to C, P and V, decay heat
power in this case was found

"

S =(4,1£0,2)W. 21
The procedure leading to Equation (21) results in narrower uncertainty
limits because it does not rely on a and b (Equations (11) and (12)),
which by construction are wide range calibration constants (0 ~ 100 W).

4. Analysis and conclusions
4.1. Major contributions to uncertainty

The propagation of uncertainties is summarized in Table 1. All un-
certainties were calculated to produce results with 95 % statistical
confidence.

Measurement lagging time is propagated according to Equation (13).
Negative lagging errors were calculated assuming maximum z = 1 h for
forced circulation mode and maximum 7 = 2 h for free circulation mode.
Positive lagging errors were all found null because minimum 7 was
assumed zero in both forced and free circulation modes. Lagging errors
are major sources of uncertainty only for lower cooling times (t < 500 h).

Uncertainty on measurement of H is partly due to the calibration of
the analog channels against a multimeter Fluke 8846A. It was found
+0,5% and is systematically propagated to S through the calibration
constants.

Fitting uncertainties of the calibration constants a and b lead to
interpolation error of +0,2 W, which is also systematically propagated.

The heat capacity C (90 kJK™!) was only determined within £10 %
uncertainty. Nevertheless, since data samples were only taken under
near-steady conditions (|dT/dt| < 10~ Ks™1), propagated uncertainties
due to C were kept in the range +0,4 W.

Uncertainty on measurement of P is also partly due to the calibration
of the analog channels against a multimeter Fluke 8846A. It was found
in the range +0,03 W and does not apply when the calorimeter is
operated in free circulation mode.

S =(4,14+0,1)W. (20 Deviations of S(t) around its mean value are particularly clear in
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Fig. 8. Concurrent calibration and decay heat measurement applied to the EC207.
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Table 1
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Uncertainties impacting the assessment of decay heat power S in each studied case (all uncertainty limits presented in the table correspond to 95 % statistical con-

fidence intervals).

EC214/ EC214/ EC210/ EC210/ EC214/ EC207/
Source Propagation Unit 21h~23h 45h ~47h 45h~47h 71h~73h 500 h 1040 d
S lag time Systematic W [-2;0] [-0,5;0] [—2;0] [-0,5;0] [-0,01;0] -
H Systematic w +0,4 +0,2 +0,4 +0,3 +0,06 -
C Systematic w +0,4 +0,2 +0,2 +0,2 +0,05 +0,05
a, b Systematic w 40,2 40,2 +0,2 +0,2 +0,2 -
P Systematic w +0,03 +0,03 - - +0,01 +0,01
v Statistical w +0,04 +0,03 40,03 40,02 +0,03 +0,01
S’ fitting Statistical w - - - - - +0,1
Total uncertainty w [-3;1] [-1;0,7] [-3;0,8] [-1;0,71 +0,4 +0,2
Relative uncertainty [—3 %;1 %] [—3 %;2 %] [—3 %;1 %] [—2 %;1 %] +4 % +5%

Figs. 5 and 6. These deviations are random, and cannot be correlated to
V, T, H or P. Such deviations were attributed to unaccounted fluctuations
on dU/dt, which result from the approximation assumed in Equation (2).
Indeed, when computing Equation (2), T is taken as the average of two
indications of temperature, one for the bottom of the measurement
chamber and one for the top. Since T is only an approximation to the
actual mean temperature of the system, CdT/dt must be expected to
deviate from the actual dU/dt.

Opposite to EC214, EC210 was probed in free circulation mode.
Total uncertainty of decay heat power found in the latter case is similar
to that found in the former. This similarity was taken as an indication
that the measurement accuracy is not significantly affected by the water
flow pattern inside the measurement chamber.

4.2. Minor contributions to uncertainty

In order to avoid water pressure buildup inside the measurement
chamber, a small gap is left between the lid flange and the vessel lid seat.
When a heat source is probed, as the water temperature rises inside the
chamber, a small amount of water leaks to the reactor pool, carrying
some energy in the process:

dU/dt = udm/dt = up,dV |dt = up,VopdV /dt, 22)
where u = specific internal energy of water at local temperature and
pressure, dm/dt = mass leakage rate, po = initial water density, Vo =
volume occupied by water in the measurement chamber, = volumetric
temperature coefficient of water.

Local temperature T is kept below 60 °C, Vo = 0,02 m?, 210 4K <
B < 5107* K ! and u < 250 kJkg 1. Hence, provided all samples are
taken while dT/dt is not greater than 107° Ks’l, Equation (22) can be
used to prove that dU/dt < 3-10~3 W. This power leakage was assumed
small enough to be disregarded.

The calibration was performed with the dummy assembly DMPV-01
inside the measurement chamber. Effects on equivalent heat capacity C
due to replacing DMPV-01 with EC214, EC210 and EC207 were also
disregarded.

4.3. Effect of gamma radiation over calibration constants

The decay heat power from EC207 was evaluated with use of con-
stants a and b, which resulted in (3,9 £ 0,4) W. It was also evaluated
with use of constants a’ and b’, which resulted in (4,1 + 0,2) W. The
former result derives from a calibration procedure which was carried out
while no significant gamma-ray source was inside the measurement
chamber (Section 3.2). The latter derives only from experiments carried
out while the EC207 (which is a very high intensity gamma-ray source)
was inside the chamber (Section 3.5). Because both results are over-
lapped, the effect of gamma-ray exposition on the properties of the heat
flux sensors was assumed not significant. Accordingly, the use of the
calibration constants a and b was assumed valid under the conditions
reported throughout this work.

4.4. Escape of fuel assembly-originated gamma radiation

The spent fuel decay heat is partly due to the emission of gamma
radiation as the accumulated fission and activation products decay
(Tobias, 1980). Since gamma radiation is remarkably capable of pene-
trating matter and since true calorimetric vessels are subject to engi-
neering constraints regarding their weight and volume, a true vessel
would hardly be massive enough to completely shield the spent fuel-
originated gamma radiation. Instead, it is likely that some radiation
passes through the vessel boundaries, eventually depositing its energy in
the near surroundings. In fact, the energy associated to the radiation
escaping the vessel is a part of the spent fuel decay heat that cannot be
measured by means of calorimetry, and must therefore be assessed
separately.

The escape of gamma radiation has been investigated in previous
calorimetric experiments regarding spent fuel assemblies from light
water reactors (Sturek and Agrenius, 2006; Strickler and Doman, 1982;
Strickler and Eger, 1981). In order to estimate the gamma escape during
experiments with the GE-Morris device, gamma-ray countings were
taken around the test vessel while a spent fuel assembly was inside it. In
order to estimate the gamma escape during experiments with the Clab
device, five movable gamma-ray detectors were used to scan the space
around the test vessel. In both cases, gamma-ray countings were com-
bined with proper geometrical models to produce estimates of the
overall escape of gamma radiation and its corresponding energy. For the
GE-Morris device, the gamma escape-related loss was estimated in the
order of 2,5 % relative to the total decay heat power. For the Clab device,
the losses were estimated for each probed fuel assembly, ranging be-
tween 2 % and 3 % relative to the total decay heat power. Although not
negligible, gamma escape-related losses are only a minor contribution to
the total decay heat power.

Notice that gamma probing methods are particularly sensitive to the
geometry of both the fuel assembly and the detecting apparatus, in a
way that avoiding bias requires very accurate and challenging modeling
(Terremoto et al., 2000). As far as it concerns the assessment of decay
heat, this sensitiveness at least partly explains why gamma probing has
in fact been applied as accessory to the calorimetry, and not otherwise
(Sturek and Agrenius, 2006; Strickler and Doman, 1982).

Regarding the IPEN calorimeter, up to this point no resources are in
place for collecting experimental data on the escape of gamma radiation.
In principle, the gamma escape could alternatively be derived from the
theoretical fuel burnup, by means of a straightforward calculation.
However, since the gamma escape is linked to the total decay heat, it is
itself intended to enable the validation of the available fuel burnup re-
ports, and such calculation would only lead to a circular reference. The
assessment of the gamma escape was thus left for future developments.
Indeed, resources are already secured to commission an upgrade that
will allow the gamma-ray spectral analysis to be performed concurrently
with the future calorimetric experiments, and a rugged gamma-ray
spectrometer is currently being developed for that purpose.



A.C. Prado et al.

4.5. Conclusions

The IPEN fuel assembly calorimeter was successfully installed in the
IEA-R1 reactor pool. A simple theoretical model was proposed. The
measurable output variable was proven closely correlated to the power
generation inside the measurement chamber. An accurate measurement
scale was found by means of carefully conducted calibration.

Calorimetric experiments were carried out with IEA-R1 irradiated
fuel assemblies EC214, EC210 and EC207, with cooling times ranging
from 22 hours to 1043 days, and declared U-235 burnup ratios ranging
from 36 % to 45 %. Decay heat power was measured in the range of 4,1
W to 90 W, within + 5 % uncertainty (with 95 % statistical confidence).

The calorimetric results were found accurate enough to enable future
validation of decay heat power assessments derived from theoretical
burnup calculations. More importantly, since decay heat power is
closely correlated to the actual inventory of fission products, the calo-
rimetric results could potentially be used to validate declared burnup
reports without recurring to radiochemical methods. In view of that, the
IPEN fuel assembly calorimeter was proven an affordable means for
enhancing non-destructive characterization of irradiated fuel
assemblies.
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