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�is report presents the methods and calculated results of the activity inventory in the structural components of the Dalat Nuclear
Research Reactor (DNRR). �ese components include the shielding concrete, the reactor tank, and its inside irradiated facilities;
the thermal and thermalizing columns; and the horizontal channels. �e MCNP5 code with a three-dimensional neutron
transport model was used to calculate the neutron �ux distribution, neutron energy spectrum at di�erent locations, and activation
cross sections of long-lived radioactive nuclides in activated major materials, including heavy concrete, re�ection graphite, and
aluminum of the reactor. �e calculated results of the energy spectrum and activation cross sections of MCNP5 were used in the
ORIGEN2.1 point depletion code to calculate the neutron-induced activity of activated materials at di�erent time points by
modeling the irradiation history and radioactive decay. Radioactivity of long-lived key activation products such as 41Ca, 60Co,
55Fe, 63Ni, and 152Eu was modeled, and volumes of radioactive waste mainly of ordinary concrete, graphite, and aluminum in the
structural components of the reactor were estimated. Experimental results of neutron �ux and speci�c activities of some typical
nuclides such as 60Co, 152Eu, 55Fe, and 63Ni in activated aluminum samples showed good agreement with the calculated results. As
part of the national regulation requirements, the obtained data have been used to develop the decommissioning plan for the
operational DNRR, with an estimation of about 10 years before its permanent shutdown.

1. Introduction

�e Dalat Nuclear Research Reactor (DNRR), which has a
nominal power of 500 kW, was reconstructed and upgraded
from the US-made 250-kW pool-typed TRIGA Mark II
reactor. Distilled light water is used as coolant, neutron
moderator, re�ector, and radiation shielding. After its re-
construction and upgrading, since March 1984, the reactor
has been o¡cially put into operation for the purposes of
radioisotope production, neutron activation analysis, fun-
damental and applied research, and manpower training but
without having a preliminary decommissioning plan [1–3].

As usual, decommissioning planning is required at the
design stage and throughout the lifetime of a nuclear facility

[4]. �e knowledge of decommissioning planning is re-
quired to choose the appropriate activation levels and
amounts of radioactive decommissioning waste for the
design of safe dismantling procedures. �e activity inven-
tories of di�erent waste streams are also important for both
the interim storage and �nal disposal of the decom-
missioning waste.

�e objective of our study is to identify and evaluate the
radioactive inventory of long-lived key activation products
in the structural components of the operational DNRR for
developing the decommissioning plan during its lifetime,
following the safety requirements of the International
Atomic Energy Agency (IAEA) guidelines, international
practices, and relicensing requests. For decommissioning
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planning of operational research reactors, experimental data
are limited due to samples for measurement that can be
taken only with the components outside the reactor core,
such as shielding concrete samples [5, 6], shielding concrete
samples and neutron flux measurement [7], primary cooling
system [8], or without any experiments [9]. For those re-
actors, a computational approach enables a nondestructive
initial estimate, but systematic measurements are also
needed to verify the calculated results. For research reactors
scheduled to be permanently shut down and whose final
decommissioning plans had been developed, samples were
much easier to be taken from different structural compo-
nents of the reactors, such as for analyzing the compositions
and measuring radioactivity and dose rates at the outer area
of the upper aluminum grid plate of the TRIGA reactor [10],
for characterizing graphite and Fluental neutron moderator
materials of the FIR1 TRIGA reactor [11, 12], and for ra-
diological characterization of the VVR-S reactor block [13].

Different computer codes can be used to model the
neutron flux values and flux shapes, reaction rate, etc. For
example, the two-dimensional SNmethod (DORTcode) was
used in [10, 13], the three-dimensional discrete ordinate
neutron/photon transport code (TORT version 3) was used
in [7], and the three-dimensional Monte Carlo method
(MCNP code) was used in [5, 10–12]. In our study, the
MCNP5 model was used to estimate the neutron fluxes in
different structure components. )ese fluxes were then used
in the ORIGEN2.1 code to calculate the actual activation of
the material, taking into consideration the detailed irradi-
ation history. )ese results were used to prepare the de-
contamination and dismantling plan for the operational
DNRR.

2. History of the DNRR and Its
Structural Parameters

)e DNRR was originally a 250-kW TRIGA Mark II reactor
supplied by General Atomics (USA). )e reactor started
operations in 1963, and its shutdown was extended from the
beginning of 1968 to March 1975. On March 31, 1975, all
low-enriched uranium (LEU) TRIGA fuels were removed
from the reactor core and then shipped back to the original
country, i.e., the USA. During the period 1975–1981, the
coolant remained in the reactor pool, but its chemistry
quality was not controlled as requested. From 1982 to 1984,
under the former Soviet Union’s assistance, this reactor was
reconstructed, with its thermal power upgraded to 500 kW;

the upgraded reactor was restarted in November 1983 using
highly enriched uranium (HEU) fuel fabricated by the
former Soviet Union. )e reactor serves mainly for radio-
isotope production, neutron activation analysis, and man-
power training [1, 2].

Main parameters of the reactor structure components
are summarized in Table 1.

)e reactor tank is a cylindrical aluminum tank with an
outer diameter of 2.0m, a height of 6.25m, and a thickness of
6.0mm; it is surrounded by a concrete structure for radi-
ation shielding. )e reactor core also has a cylindrical form,
with a diameter of 44.2 cm and a height of 60.0 cm. For the
application of radiation and experimental research, the
reactor has 4 horizontal neutron beam tubes, a movable
thermal column, and a thermalizing column. )e thermal
column, with dimensions (W× L×H) of
1.2m× 1.6m× 1.2m, of the former TRIGA reactor remains
unchanged. )e column has waterproof walls made of
aluminum and covered with boron. Graphite blocks with
dimensions of 10.2 cm× 127 cm× 10.2 cm fill the volume of
the column.)e outer portion of the column is embedded in
the concrete shield; the inner portion is welded to the reactor
tank and extends to the outer surface of the graphite re-
flector. In the vertical plane, the column extends approxi-
mately 33.0 cm above and below the graphite reflector, with
the centerline coinciding with that of the active core height.
)e column door is made of heavy concrete. )e door has a
thickness of 1.3m and a weight of 17.3 tons and can be
removed and inserted on two small rails by an electric motor.
)e concrete structure of the biological shield for the reactor,
which is octagonal-shaped with a width of 6.96m, a length of
8.63m, and a height of 6.55m, has an average density of
2.35 g/cm3, with a density of 3.5 g/cm3 around the thermal
column [1, 3]. )e layout of the reactor and its main
components is presented in Figure 1.

In the reactor, aluminum alloy 6061 of the USA and
SAB-1 of the former Soviet Union were made in most
structural materials (core support structure, in-core irra-
diation channels, rotary rack, graphite reflector cover,
extracting well, detector housing, neutron beam tubes, etc.).
)ese alloys have very low impurity compositions
(Co≤ 0.003%, Li≤ 0.008% by mass) [14].

3. Methods and Model of Calculation

3.1. Methods and Computer Codes. Calculation of radioac-
tivity in the structural components of the DNRR is difficult

Table 1: Main parameters of the DNRR structure components.

Structure component Shape type
Parameters (cm)

MaterialRadius
Width Length Height

Inner Outer
Reactor tank Cylindrical 99.4 100.0 — — 625.0 Aluminum

Reactor core Cylindrical 22.1 — — 60.0 Aluminum, stainless steel,
and fuel inside

Graphite reflector Ring-shaped block 23.75 54.25 — — 55.9 Graphite
)ermal column Rectangular — — 120.0 160.0 120.0 Graphite
Biological shield Octagonal — — 696.0 863.0 655.0 Steel-reinforced concrete
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because of the complexity of the geometry, the uncertainty of
the material compositions, and operational history data. In
general, the geometric structure of the DNRR is the same as
that of the TRIGA Mark II type reactor with the existence of
different beam ports and thermal and thermalizing columns,
which increases the asymmetry, and the neutron flux dis-
tribution varies significantly from one location to another.
)is asymmetry makes the calculation more difficult because
each specific location needs to be accounted for.

To obtain the radioactivity in the structural components
of the reactor, the material compositions, which generate
activated products with long life, were selected to first
calculate the activity inventory. Next, the neutron energy
spectrum, the density of the neutron flux, and the cross
section or reaction rate of elements were calculated. Finally,
taking into account the history of reactor operation, the
process-generating activated products were determined.

)e neutron energy spectrum and activation cross
section were obtained using the MCNP5 code [15]. )is
computer code is a general-purpose, generalized geometry,
time-dependent, continuous energy, coupled neutron-
photon-electron Monte Carlo transport code. )e MCNP5
code deals with the energy range from 10−11MeV to
20.0MeV for neutrons and from 2.0 keV to 1000MeV for
photons and electrons. ORIGEN2.1 code was used to cal-
culate the activity of activated products in the structural
materials of the reactor. )e ORIGEN2.1 is a revised version
of ORIGEN and incorporates updates to the reactor model,
cross sections, fission product yields, decay data, decay
photon data, and source code [16]. )e ORIGEN2.1 code
uses a matrix exponential method to solve a large system of
coupled linear, first-order ordinary differential equations
with constant coefficients. As the original libraries of
ORIGEN2.1 are not suitable for research reactors, the ac-
tivation cross sections of material compositions in the

reactor were determined by the MCNP5 code. )e flowchart
of the calculation procedure is shown in Figure 2.

3.2. Model of Calculation. )e three-dimensional calculated
model for the entire DNRR structures, such as the reactor
core, the aluminum, graphite, and concrete components,
was basically described as their real geometry. Asymmetric
locations around the horizontal neutron beam tubes and
thermal column were of particular interest because their
activities are fairly high in comparison with other locations.
Two-dimensional cross sections of theMCNP5 geometry are
shown in Figure 3 for the model with vertical and horizontal
cross sections of the concrete shielding, four neutron beam
tubes, and thermal column, and Figure 4 shows the model
for vertical and horizontal cross sections of the reactor core
and graphite reflector.

)e cross sections used for MCNP5 calculation were
selected from the END/B-VII.1 library. )e neutron spectral
densities and activation cross sections at nominal power
condition and at different locations in the structural com-
ponents of the reactor were also calculated by the MCNP5
code. Since the ORIGEN2.1 is a zero-dimensional code, all
effects on the activation cross sections due to differences in
neutron energy spectra at different locations were taken into
account in the three-dimensional model of MCNP5.

)e irradiated time of structural components of the
reactor or the time of reactor operation at the nominal power
was assumed to be 45 years from 1984 with 1200 hours each
year. As the operation history of the DNRR is complicated,
only the last one year was described in detail (12 cycles per
year, two weeks of operation, and two weeks of shutdown for
each cycle) [17].)e previous operation time wasmodeled as
1200 hours continuously for each year, with the rest time
taken as the shutdown time. To confirm the precise calcu-
lation results in the MCNP5, the 1− σ statistical uncertainty
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Figure 1: Vertical (a) and horizontal (b) section views of the DNRR structure components.
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of the integral simulated results for neutron flux and neutron
flux distribution was reached within 3% while using the
kcode option with total 200 million particles in the problem.

3.3. Experimental Method. )e neutron flux density and
neutron flux distribution at the irradiation positions were
measured using the foil activation method. )e reaction rate
of a thin foil during activation is expressed by the following
equation:

R � Φ.σact, (1)

where Φ is neutron flux and σact is the microscopic acti-
vation cross section.

)e thermal neutron flux values were measured using
bare and cadmium-covered gold foils and were calculated by
the following equation [18]:

Φth �
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π
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where mb is the mass of bare gold foil (g), mC d is the mass of
cadmium cover (g), T is irradiation time (s), τ is cooling time
after irradiation (s), tm is real time measurement (s), tm,eff is
effective time measurement (s), λ is decay constant of nu-
clide compound (s−1), η is counting efficiency of detector, c

is gamma abundance factor, α is isotope enrichment, Gth is
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Figure 2: Flowchart of the calculation procedure.
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thermal neutron self-shielding factor, NA is Avogadro
constant, A is atomic number of isotope, G is ratio of isotope
in foil, Tn is neutron temperature (K), T0 is room temper-
ature (293K), Ab is activity of bare foil, and ACd is activity of
cadmium cover.

)e activity at time τ after finishing the irradiation was
calculated by the following equation [6]:

Amλ ta, τ(  � Ai 1 − e
− λta , (3)

whereAm is the measured activity andAi is the actual activity
at the start of the measurement.

4. Calculated Results of Activity and Volume/
Mass of Waste

4.1. Validation of the Computer Codes and Calculation
Method. )e MCNP5 code and calculation method were
validated by comparing the calculation results with the
experimental data of neutron flux at the vertical irradiation
channels in the reactor core as shown in Table 2 and Figure 4.
)e calculated values of the maximum thermal flux

(E< 0.625 eV) at the neutron trap in the core center, at the
vertical channels 7-1 and 13-2 in the core periphery, at the
rotary specimen rack, at the thermal column, and at the
beam port No. 4 were in good agreement with the experi-
mental results, with the maximum discrepancy less than 7%.

)e ORIGEN2.1 code and calculation method were
validated by comparing the calculation results with the
experimental data of impurity radioactivity in three alu-
minum samples taken from different positions (−32.5, −17.5,
and −2.1 cm from the core bottom) of the aluminum guiding
tube in the irradiation channel 13-2 of the reactor core. )is
tube was installed on March 9, 1985, and removed on
December 9, 2005. As a result, the total irradiation time of
the samples was about 249,000 hours based on the reactor
operation time of about 100 hours per cycle and 12 cycles per
year. Specific activities of the samples were measured by the
HPGe gamma spectrometer, where 60Co isotope is the main
long-lived activated product as shown in Table 3. )e errors
in specific activities of 60Co, 63Ni, 55Fe, and 59Ni isotopes
evaluated using the ORIGEN2.1 code were each less than 3%.
)e discrepancy in the calculated and experimental results of
the specific activity of 60Co was between 25% and 33%,
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Figure 4: Vertical (a) and horizontal (b) cross sections of the reactor core and graphite reflector.

Table 2: )ermal neutron flux in the vertical and horizontal irradiation channels of the reactor.

Irradiation channel
)ermal neutron flux (n/cm2.s)

Discrepancy (%)
Calculation Experiment

Neutron trap 2.21× 1013 (2.10± 0.13)× 1013 5.2
Channel 7-1 6.70×1012 (6.28± 0.58)× 1012 6.7
Channel 13-2 6.47×1012 (6.05± 0.52)× 1012 6.9
Rotary specimen rack 4.25×1012 (4.09± 0.31)× 1012 3.8
)ermal column 6.92×1010 (6.45± 0.70)× 1010 6.8
Beam port no. 4 2.45×1012 (2.33± 0.48)× 1012 4.9
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which is acceptable to be used for developing the decom-
missioning plan, due to an uncertainty of the reactor ge-
ometry, the reactor operation time, and especially the mass
of impurity 59Co isotope of the DNRR, in which the un-
certainty of the impurity mass can contribute up to 20%.)e
maximum acceptable discrepancy was estimated to be about
40%.

4.2. Calculated Results of Neutron Flux Distribution. )e
calculated results for thermal neutron flux distribution in the
graphite reflector of the reactor at a nominal power of
500 kW are shown in Table 4 and Figure 5. )e average
neutron flux at 51 cm from the reactor core center was
1.21× 1012 n/cm2.s, which was about 4 times less than that
(4.57×1012 n/cm2.s) at 24 cm from the core center.

)e calculated thermal neutron flux distributions at
different locations in the structural components of the re-
actor at a nominal power of 500 kW are shown in Figure 6.
)e maximum calculated neutron flux value was
2.21× 1013 n/cm2.s at the core center and 1.23×1011 n/cm2.s
in the graphite block close to the reactor reflector. )ere
were many scattered neutrons at the exit of the four hori-
zontal beam ports and the thermal column due to the in-
stallation of neutron collimation tubes inside them for

guiding neutron beams out to the experimental facilities. In
fact, these areas had been simulated as air.

4.3. Calculated Results of Activity and Volume/Mass.
Figure 7 shows the activity inventory of long-lived nuclides
in the shielding structure for 45 years of irradiation time and
up to 10 years of cooling.)e activity of 152Eu isotope is high;
it decays mainly by electron capture and has a half-life of
13.5 years. )e activity of 55Fe is relatively high; it decays by
electron capture too, emitting X-ray, and has a half-life of 2.7
years. )e activity of 41Ca is relatively high too, and its half-
life is 9.94×104 years; it emits no c rays. )is isotope is
generated mostly by a neutron capture reaction (n, c) from
its parent isotope 40Ca, which is the major natural isotope of
calcium and is found in all types of concrete [5]. Similarly,
the activity of 60Co is relatively high, and its half-life is 5.27
years; it emits two c rays with high energies of 1.17 and
1.32MeV. It can be concluded that 41Ca, 55Fe, 60Co, and
152Eu are the four main long-lived isotopes that determine
the quantity of activated shielding concrete for preparing the
decommissioning plan of the DNRR.

Figure 8 shows the activity inventory of long-lived
nuclides in the graphite for 45 years of irradiation time and
up to 50 years of cooling. It can be seen that 60Co and 152Eu
are the main long-lived isotopes that determine the quantity
of activated graphite in the reactor reflector and the thermal
and thermalizing columns for preparing the decom-
missioning plan of the reactor.

Figures 9(a) and 9(b) show the activity inventory of long-
lived nuclides in the aluminum of the reactor reflector and
the rest of the reactor, respectively, for 45 years of irradiation
time and up to 10 years of cooling. )e activity of 63Ni is
relatively high, and its half-life is 100.1 years. 63Ni isotope
mainly generates beta-rays with an energy of 0.067MeV, so
it can be concluded that 60Co and 63Ni isotopes are the main
long-lived isotopes that determine the quantity of activated
aluminum in the reactor for preparing its decommissioning
plan.

Table 3: Activity of 60Co isotope in the guiding tube of irradiation channel 13-2.

Samples Position in aluminum tube (cm)
60Co specific activity (Bq/g)

Discrepancy (%)
Calculation Experiment

1 −32.5 2.77×104 (1.86± 0.17)× 104 33
2 −17.5 1.35×105 (9.99± 0.19)× 104 26
3 −2.1 1.71× 105 (1.28± 0.16)× 105 25

Table 4: Neutron flux distribution (×1012 n/cm2.s) in the graphite reflector.

z axis (cm)
Distance from the reactor core (cm)

24 28 32 35 39 43 47 51
25.0 3.74 3.26 ∗ ∗ 1.78 1.52 1.22 0.99
7.5 5.27 4.44 3.48 2.90 2.45 2.03 1.73 1.37
−7.5 5.31 4.45 3.36 2.86 2.51 2.10 1.77 1.40
−25.0 3.97 3.41 2.71 2.31 1.96 1.59 1.32 1.07
(∗) Rotary specimen rack position.
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Figure 10 shows the distribution of the specific radiation
activity in the reactor shielding and graphite reflector right
after reactor shutdown. )e highest specific radiation ac-
tivities of the reactor shielding and graphite reflector are
0.8×104 Bq/g and 1.1× 105 Bq/g, respectively.

)e calculated specific activity and volume/mass of the
main material components (except for stainless steel which
constitutes only a small part of the DNRR) are shown in

Tables 5–8 for two levels of specific activity (>1 Bq/g and
>10 Bq/g, according to the “clearance levels” of 1 Bq/g and
10 Bq/g for all isotopes [6, 19]) depending on the decay time
of 1, 3, 5 and 10 years. At the specific activity level of >1 Bq/g,
the volume of the concrete structure was 46.2m3, with a total
activity of 97421.0MBq after 1 year of decay time. )is value
reduced to 36.0m3 after 5 years and to 31.8m3 after 10 years;
their total activities after these years were 22821.6 and
12591.1 MBq, respectively, as seen in Table 5.

)ere were 770 kg of graphite and 129 kg of aluminum in
the reflector surrounding the reactor core; therefore, their
specific activities were high (thousands of Bq/g for graphite
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Table 5: Activity of concrete in the reactor concrete structure.

Decay time (years)
Specific activity> 1 Bq/g Specific activity> 10 Bq/g

Volume (m3) Specific activity
(MBq/m3) Total activity (MBq) Volume (m3) Specific activity

(MBq/m3) Total activity (MBq)

1 46.2 2108.7 97421.0 26.5 3140.2 83215.3
3 38.4 894.0 34328.6 20.1 1638.1 32925.8
5 36.0 633.9 22821.6 18.0 1258.9 22660.2
10 31.8 395.9 12591.1 14.5 852.3 12358.4
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and hundreds of thousands of Bq/g for aluminum, as seen in
Table 6). )e total activities of the reflector graphite were
6.12×104, 3.71× 104, and 2.38×104MBq after a decay time
of 1 year, 5 years, and 10 years, respectively. )e total ac-
tivities of the aluminum structure in the reactor reflector
after 1 year, 5 years, and 10 years of decay time were
1.76×105, 3.21× 104, and 1.66×104MBq, respectively.

Although the graphite constituents in other components
besides the reflector, such as the thermal and thermalizing
columns, were so large in mass (estimated about 5763 kg, as
seen in Table 7), their specific activities were very low, and
therefore, their total activities were much lower than that in
the reflector.

)e aluminum constituents in other components besides
the reflector were also fairly large. )e mass of waste at the
specific activity level of >1 Bq/g and a decay time of 1 year
after reactor shutdown was 580 kg, and its total activity was
154932MBq. )is value reduced to 565 kg after 5 years and
541 kg after 10 years; their total activities after these years
were 32984MBq and 30729MBq, respectively, as seen in
Table 8.

5. Conclusion

)e radioactivity inventory and volume/mass of radioactive
waste of the structural components of the DNRR were
determined and estimated, respectively. For modeling, the
neutron fluxes and energy spectra at different locations of
the structural components, as well as the activation cross
sections of the interest isotopes, were calculated using the

MCNP5 code. Based on the activation cross sections and
neutron fluxes at different locations of the structural
components, in combination with the history of reactor
operation, the activities in the structural components of the
reactor were determined using the ORIGEN2.1 code.

)e activity inventories of the main long-lived nuclides
in the biological shielding structure were determined. )e
results showed that 41Ca, 55Fe, 60Co, and 152Eu are the four
main long-lived isotopes for determining the quantity of
activated shielding concrete, 60Co and 152Eu are the main
long-lived isotopes for determining the quantity of activated
graphite in the reactor reflector and thermal and thermal-
izing columns, and 60Co and 63Ni are the main long-lived
isotopes for determining the quantity of activated
aluminum.

)e volume/mass of radioactive waste in the structural
components of the DNRR was estimated. For 10 years of
cooling time, the results showed that the main radioactive
waste for decommissioning planning comes from activated
shielding concrete, graphite, and aluminum. )e volume
and total activity of activated shielding concrete were 31.8m3

and 12591.1MBq, respectively, at the “clearance level” of
1 Bq/g, whereas the corresponding values at the “clearance
level” of 10 Bq/g were 14.5m3 and 12358.4MBq, respec-
tively. )e mass and total activity of activated graphite in the
reflector at “clearance level” of 1 Bq/g were 770 kg and
2.38×104 MBq, respectively, while the corresponding values
for activated aluminum at the same “clearance level” were
129 kg and 1.66×104MBq, respectively. For activated
graphite in the thermal and thermalizing columns, the mass

Table 6: Activity of graphite and aluminum in the reactor reflector.

Decay time
(years)

Specific activity> 1 Bq/g Specific activity> 1 Bq/g
Graphite mass

(kg)
Specific activity

(Bq/g)
Total activity

(MBq)
Aluminum Mass

(kg)
Specific activity

(Bq/g)
Total activity

(MBq)
1

770

7.95E+ 04 6.12E+ 04

129

1.36E+ 06 1.76E+ 05
3 5.95E+ 04 4.58E+ 04 4.22E+ 05 5.44E+ 04
5 4.82E+ 04 3.71E+ 04 2.49E+ 05 3.21E+ 04
10 3.09E+ 04 2.38E+ 04 1.28E+ 05 1.66E+ 04

Table 7: Activity of graphite in the thermal and thermalizing columns.

Decay time (years)
Specific activity> 1 Bq/g Specific activity> 10 Bq/g

Mass (kg) Specific activity (Bq/g) Total activity (MBq) Mass (kg) Specific activity (Bq/g) Total activity (MBq)
1 5763 9.13E+ 02 5264 3850 1.37E+ 03 5275
3 5763 7.18E+ 02 4140 3731 1.08E+ 03 4020
5 5721 5.98E+ 02 3421 3608 8.97E+ 02 3237
10 4907 4.04E+ 02 1982 3084 6.06E+ 02 1868

Table 8: Activity of aluminum in the reactor components (except in the reflector).

Decay time (years)
Specific activity> 1 Bq/g Specific activity> 10 Bq/g

Mass (kg) Specific activity (Bq/g) Total activity (MBq) Mass (kg) Specific activity (Bq/g) Total activity (MBq)
1 580 2.67E+ 05 154932 540 2.71E+ 05 146250
3 570 8.95E+ 04 50992 480 9.07E+ 04 43529
5 565 5.84E+ 04 32984 461 5.84E+ 04 26912
10 541 5.68E+ 04 30729 412 5.68E+ 04 23402
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and total activity at the “clearance level” of 1 Bq/g were
4907 kg and 1982MBq, respectively, while the corre-
sponding values at the “clearance level” of 10 Bq/g were
3084 kg and 1868MBq, respectively. )e mass and total
activity of activated aluminum in the reactor components at
“clearance level” of 1 Bq/g were 541 kg and 30729MBq,
respectively, while the corresponding values at the “clear-
ance level” of 10 Bq/g were 412 kg and 23402MBq,
respectively.

)e obtained results have been used to update the de-
contamination and dismantling plan of the DNRRwith a 15-
chapter format following the IAEA guideline [20].
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