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Abstract. This paper presents the results of studies into the various aspects of decommissioning the
oldest Russian research reactor, the AM reactor. Experimental and calculation results of a study to
determine the inventory of long lived radioactive materials at the AM reactor are presented, along with
a comparison to comparable data for other similar reactors. An analysis, by calculation, of the decay
time needed to allow manual dismantling of the reactor vessel and stack, without remote operated
equipment, defined it as 90 years. The possibility of burning most of the irradiated graphite to
decrease the amount of long lived radioactive wastes was confirmed. The problems associated with
the dismantling of the reactor components, contaminated with radioactive corrosion products, were
analyzed. A decommissioning strategy for reactor AM was formed which is deferred dismantling,
placing most of the radiological areas into long term safe enclosure. An overall decommissioning plan
for reactor AM is given.

1. Introduction

The AM is a uranium-graphite research reactor with water coolant, sited in Obninsk
(near Moscow). The reactor was started up in June 1954 and operated with an average power
of 6.4 MWt for 47 years. The final shutdown of the reactor is planned for December of 2004.
Table I presents the reactor operating power level history for the AM reactor, which has been
used for the investigation of new types of fuel assemblies, and the production of radioisotopes
and radiopharmaceuticals. A cut-away view of the reactor is shown in Figure 1. The graphite
stack, 3 m in diameter and 4.5 m high, is the main structural element. Its central part, 1.5 m in
diameter and 1.7 m high contains the core. The core is comprised of 151 six-sided graphite
columns with 65 mm diameter central holes which contain 128 fuel assemblies and 23 control
rods. The cells of the graphite stack form a triagonal lattice with a pitch of 120 mm. The
thickness of the graphite reflector is 75 cm in the radial direction, and 70 cm at the top and
bottom. A radiation shield over the top of the reflector consists of a 140 cm graphite layer and
70 cm of cast iron. The cast iron radiation shield over the coolant pipes is 20 cm thick. The
reactor stack is contained in a steel vessel surrounded by a radial radiation shield consisting of
100 cm of water in a tank and 300 cm of concrete. An annular reinforced concrete shield,
45 cm thick by 120 cm high, surrounds the top of the reactor vessel in the water tank. The
steel bottom plate of the reactor vessel is supported by a cast iron and concrete cooling base
sitting on the bottom concrete body. The weight of radioactive reactor materials is given in
Table II.

2. Project objectives for AM
The objectives of the programme on the problems of decommissioning the AM reactor,

performed as part of the IAEA CRP on Decommissioning Techniques for Research Reactors
during 1998-2001, were:

(1) estimating the inventory of long lived radioactivity in the defueled reactor by
performing radiometric measurements of samples of structural materials, chemical
measurements of microimpurities contained in them, and corresponding physical
calculations;

(2) decay calculations;
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Table I. Reactor AM operating history

Period

1954-1971
1971
1971-1986
1987
1988-2001
2001-2004

Time, years

16.5
0.75

15.25
1.0

12
5

Mean power, Mwt(th)
7.4
0
6.6
0
6
6

Comments

Repair work

Updating

Planning

Table II. Radioactive materials in AM reactor

Material
Graphite
Cast iron
Steels
Concrete
Lead

Weight, t
50.8
165.8
87.2
66.6
8.5

1. Reactor vessel 2. Concrete base cooling 3. Core 4. Neutron reflector 5. Neutron reflector
cooling 6. Fuel assembly 7. Inlet header 8. Outlet header 9. Control rod 10. Ionization
chamber 11. Water shield 12. Water shield cooling 13. Top plate 14. Top cast iron shield 15.
Bottom base cooling 16. Bottom base and it's support 17. Bottom plate 18. Top concrete
shield 19. Support of top concrete shield 20. Vessel flange.

Figure. 1. AM reactor.

194



(3) calculation of estimates of the dose rates to be incurred during the dismantling of the
reactor vessel and graphite stack ;

(4) calculation of estimates of the dose rates to be incurred during the dismantling of the
reactor vessel and graphite stack, without using remotely operated manipulators, in
order to define the required decay time for deferred removal;

(5) experimental studies of decontamination methods for the primary circuit and the
estimation of the inventory of radioactivity deposited in it;

(6) preliminary studies of decontamination efficiency for contaminated graphite;
(7) analysis of the radiological consequences of burning of most of the irradiated graphite

after the deferred removal stage;
(8) choice of technology for the conditioning of highly contaminated graphite blocks;
(9) forming the strategy for the decommissioning of the AM reactor and conceptual

planning of the decommissioning effort;
(10) preliminary inventory of cumulative radioactive wastes and contaminated reactor facility

components due to reactor operation; and
(11) estimation of radiological consequences for a hypothetical accident at the AM reactor

during the deferral stage as the first step of analyzing its safety during this period.

3. Activity inventory

The radioactive materials inventory for the AM reactor, based on a study using a
combination of experimental and calculation methods, has been completed. Computer codes
were used to calculate the activation of impurities in the core, reflectors, shield and
construction materials based on the actual operation schedule, burnup, buildup and decay of
activity. These codes were ORIGEN-2.1 [1] and a recently modified version of the SABINE-3
[2] shielding code, which was named SABINE-3.1. This version using the modern version of
ABBN nuclear constants [3] and modified removal cross-sections, can calculate the activation
of materials and activation dose rates.

The code SABINE-3.1 has been validated against the IAEA test benchmark [4] for
pressure vessel and shield activity of the Japanese JPDR reactor, which had 12 years of
operation and 15 years of decay. The code was also validated against the activation photon
dose rate distribution in the concrete shield of the WWER-440 reactor in the Armenian NPP
[5], which had 10.5 years of operation and 1.5 years of decay. To validate the calculation of
activity due to impurities, calculated results were compared to the measured data for the core
graphite of the Russian plutonium production reactors I-l & EI-2, which had 29 and 33 years
of operation respectively, and 8 years of decay. The calculation results and the experimental
data [6,7] differed, for the most part, by less than 50% as seen in Table III.

Table III. Reactor I-l & EI-2 core graphite activity, Bq/g

Nuclide
60Co

1 4 C

63Ni
m E u
3H

Reactor

I-l
EI-2

I-l
EI-2

I-l
I-l
I-l

Experimental data

5xl02-9.8xl03

5xl02- l . lxl04

8xl05-1.9xl06

9xl05-1.3xl06

2.5x102-2.2x103

3.7xl03-8.3xl03

1.Ox 103-7.0x104

Calculation results

1.47xlO4

LlOxlO4

l . lxlO6

7.5xl05

2.8xl03

l.OxlO4

1.7xlO6
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The considerable difference (a factor 25-100) between the experimental and calculation
results for tritium could be explained by the calculation methodology, which considered only
the generation of tritium and not the leakage. In the calculations of 14C activity two reactions
were considered: nC(n,y) 14C and lA~N(n,p)l4C, because the stack of reactors 1-1 and EI-2 were
cooled with nitrogen, which is the main parent of 14C.

Impurity levels for graphite samples from different cells of the core of the AM reactor
had been measured by chemical methods (atomic absorption and emission spectroscopy,
flame photometry) and radiometric methods (y- and |3-spectrometry, radiochromatography).
The results are given in Table IV and compared with data for other graphite reactors used for
the production of plutonium and electric power.

Table IV. Impurity levels for graphite by reactor, PPM

Element

Li
N
Cl
Ca
Co
Ni
Ag
Eu
Sm

AM

0.24
240
25
15
0.054
0.07
0.003
0.0022
0.022

1-1, EI-2 [6,7,8]

0.01-0.05
240
15
7
0.006
0.2
0.26
0.002

Magnox [9]

0.05
10
2
35
0.02
1.0
0.001
0.004
0.04

AGR [9]

0.05
10
4
25
0.7
6.0
0.001
0.005
0.05

The difference is obviously due to the various sources of raw material for reactor
graphite. One can see that, for most of the impurities the AM reactor value is somewhere in
the middle of the others. For a reactor where the graphite is cooled with nitrogen (1-1, EI-2,
AM) the amount of nitrogen in the graphite is higher than in the others.

The comparison of inventories of long lived induced activity in the graphite for different
graphite reactors is presented in Table V. From the table, one can see that the activity due to
impurities in the graphite of the AM reactor has a value that is somewhere in the middle of the
data for a number of reactors.

The problem of fission product contamination of the graphite is very important.
According to measurements of core graphite, the mean activity of I37Cs after 10 years of decay
is about 1.3xl05 Bq/g for the AM reactor and ~ 2.0xl06 Bq/g for the 1-1 and EI-2 reactors
[10]. The 90Sr contamination for 1-1 and EI-2 is approximately the same as for 137Cs. For the
AM reactor this value is 102 - 3.0xl02 Bq/g. Thus, the AM reactor is somewhat freer of
fission product contamination compared with the plutonium production reactors.

Calculations detailing the activity distribution in the graphite stack of the AM reactor
(graphite reflector and shield) were performed with the SABINE-3.1 and ORIGEN-2.1 codes.
It should be noted that the large dimensions of the graphite stack results in a large non-
uniformity of the neutron flux in the graphite. The neutron fluxes in top and bottom of the
stack differ by more than three orders of magnitude.
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Table V. Long live induced
Nuclide
3H
, 4 C

ibc\
41Ca
60Co
59Ni
63Ni
108mA g

152Eu
154Eu

AM

2.3xlO5*

l . lxlO6

l.OxlO4

3.6xlO2

3.2xlO4**

4.5x10°

7.8xlO2

4.3x10'
0.20

8.3xlO2

activity in core graphite after 10 years of decay, Bq/g
I-l [6,7]

l.OxlO3-7.0x104

8.0xl0 5 -1 .9xl0 6

4.0xl0 2-1.6xl0 3

2 .5x l0 2 -2 .2x l0 3

3.7xlO3- 8.3x103

EI-2 [6,7,8]

4.4x105

9.1xl0 5 -1 .3xl0 6

1.3xlO3

5.8xlO2

5.0xl0 2 -7 .0x 103

5.8xlO2

8.2xlO3

l.OxlO3

7-OxlO1

6.2xlO!

Magnox [9]

7.7x104

5.4x104

6.1xlO2

4.7xlO2

1.7xlO4

6.0X101

8.2xlO3

1.4x10'

1.4xlO2

3.3xlO3

AGR[9]
7.2x104

1.8xlO5

2.2xlO3

l . lxlO 3

9.3xlO5

5.3xlO2

l.OxlO5

3.4x10'

l.OxlO2

2.7x103

*) - taking into account leakage
**) - taking into account deposit of activation of Fe isotopes (36 ppm), which is ~ 5 %

Also, the effect of intensive burnup of the impurities of Eu and Sm in the core and
reflector compared to the shield should be taken into account. The dependence of Eu isotopes
activities upon the neutron flux density (content of Eu is 1 ppm, Sm - 10 ppm) after 50 years
of irradiation is shown in Figure 2. As a result, activities of Eu isotopes in the core are
significantly less than those in the shield. The results of calculations for induced activity in the
graphite stack (50.8 tons) and an estimation of the quantities of 137Cs and 90Sr present 10 and
90 years after the shutdown of the AM reactor are presented in Table VI.

The main activities produced in the reactor vessel are isotopes of Ni and Co.
Calculations have shown that the highest radioactivity level occurs in the lower part of the
vessel (8 = 8 mm). The calculated activity inventory for the reactor vessel and the internal
wall of the water bioshield tank ( 8 = 1 2 mm) for two decay times are presented in Table VII.

The inventory of activity in the bottom base plate under the reactor is approximately the
same. Its surface contamination is not known at this time.

The radioactivity in the external wall of the bioshield water tank is less than the
radioactivity in the internal wall by about four orders of magnitude. The radioactivity in the
cast iron blocks of the top shield is less than the activities reported in Table VII by two orders
of magnitude.

The calculated average long lived activity in the top part of the concrete base of the
reactor (8 = 60 cm) is presented in Table VIII.

The induced activity at the surface of the concrete base is
Table VIII.

5 times greater than that in

The calculated activity at the surface of the concrete shield beside the reactor is less than
60, 152Tthe data of Table VIII by 150 times (negligible), and for ouCo is ~ 10z Bq/g, and for n z Eu ~ 0.2

Bq/g. These results are very similar to the results of activity measurements in samples of this
concrete.

The results of the activity inventory can then be used to analyse the radiation doses to be
incurred during the dismantling of the reactor.
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Figure 2. Dependence ofEU isotopes activities from neutron flux.

Table VI.

Nucl ide
3H
1 4 C

36C1
4 1 Ca
5 5Fe
6UCo
5 9Ni
6 3Ni
1TOmAg
1 3 4Cs
152Eu
154Eu
155Eu
l 3 7Cs
y uSr

Integral radioactivity inventory of AM

10 years of decay

7.6xlO12

3.7xl013

3.5x10"
1.2x10'°
2.6x10"
2.7x10"
1.5xlO8

2.6xlO10

1.5xlO9

2.3xlO10

3.3xlO8

6.2x10'°
4.9x10'°
3.2xlO12

6.1xlO9

reactor graphite stack, Bq

90 years of decay

8.5x10'°
3.7xlO13

3.5x10"
1.2x10'°
-

7.3xlO6

1.5xlO8

1.4x10'°
9.7xlO8

-

5.6xlO6

9.8xlO7

-

5.1x10"
8.6xlO8
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Table VII. Activity inventory in lower part of reactor vessel and internal wall of bioshield
water tank

Component

Reactor vessel

Bioshield Tank

Nuclides
55Fe
60Co
59Ni
63Ni
55Fe
60Co
59Ni
63Ni

Decay 10 years, Bq/g

7.5xlO7

2.0x107

8.2xlO3

9.6xlO5

3.9xl07

l.OxlO7

4.3xl03

5.1xlO5

Decay 90 years, Bq/g
-
5.3xlO2

8.2xl03

5.3xlO5

-
2.7x102

4.3x103

2.7xlO5

Table VIII. Average activity in the concrete base, Bq/g

Isotope
41Ca
60Co
152Eu
154Eu

Decay 10 years

2.2xlO3

4.2x103

1.5X101

UxlO1

Decay 90 years

2.2x103

1.2X10"1

2.6x10-'
2.1xlO"2

4. Dismantling analysis
One of the dose rate measurements at the top boundary of the unloaded core of the AM

reactor after 1 year of decay was about 1 mSv per second. Calculation results for dose rates at
the same place after different decay times are presented in Table IX.

Dose rates from other parts of the graphite stack, except for the lower part of the
reflector, are significantly less.

After a long period of decay, the radiation fields during the cutting of the reactor vessel
result from radioactivity in the reactor vessel itself, with only a small fraction (~ 5%) coming
from activity in the core and impurities in the bottom graphite reflector. The reactor vessel
largely blocks the latter. After 90 years of decay the dose rate will be about 100 u.Sv/h at a
distance of 50 cm from the reactor vessel.

Table DC. Dose rate at the top boundary of the unloaded am core, j^Sv/h

Decay, years
30
50
70
90
110

Dose Rate
7.25
4.10
2.54
1.62
1.02

199



It should be noted that this dose rate exceeds the allowed level for the normal operation
(10 (J.Sv/hour). Thus, one will have to apply local shielding or limit the working time for
operators and increase their number.

To evaluate the total dose due to the cutting of the reactor vessel using a mechanical
method, the following assumptions are made. The reactor vessel will be cut into 5 rings and
each ring cut into 11 fragments for a total of 55 fragments. The cutting of a single fragment
takes about 3 hours, preparation and positioning operations take about 1 hour per fragment.
To perform the same cutting using a thermal method requires about 3-6 min for cutting and
30 min for preparation and positioning operations per fragment. The resulting dose for
personnel without remote operated equipment is presented in Table X. The dose incurred
when cutting the bioshield water tank is less than that due to cutting the reactor vessel by a
factor of two.

Table X. Dose due to cutting of reactor vessel (90 years of decay)

Method

Mechanical
Thermal

Time of external
irradiation,
Hour
210
33

Dose of external
irradiation,
Man-mSv
12.3
2.0

Dose due to
inhalation,
ManmSv
2.6
1.1

Summary, Man-
mSv

14.9
3.1

To estimate the inhalation doses via calculations it was assumed that the dismantling
staff would wear respirators when using the thermal method of cutting the reactor vessel. As a
result, the thermal method of cutting is more suitable and doses are significantly lower than
the allowed annual dose limit of 20 mSv. After filtering and being exhausted through 100 m
of ventilating pipe, the radioactivity released to the environment due to the dismantling of the
reactor vessel is negligible.

To discuss the dose implications of the dismantling of the graphite stack, one must first
understand its construction. Each graphite block is a hexahedral prism with an inradius of
12 cm and one of a number of different heights: 60, 45 and 30 cm. The central part of the
stack containing the core and lower reflector, consists of 151 columns of 4 blocks each.
During analysis of the doses during manual dismantling (without use of remote operated
manipulators) of this part (after dismantling of reactor vessel and other parts of the graphite
stack) the doses were calculated for different decay times - 70 and 90 years. The results were
430 man-Sv and 274 man-Sv respectively. These doses are not acceptable, because they equate
to a annual dose limit for 15-20 operators during the dismantling period. However, the use of
local steel shields with a thickness of 10 cm can decrease these doses by more than 100 times.
So, dismantling of the graphite stack of the AM reactor is feasible after 70-90 years of decay.
The doses from the dismantling of cast iron shield components are not significant.

When dismantling the graphite stack the graphite blocks should be sorted based on their
activity and contamination levels. After conditioning of the blocks they should be committed
to a special depository for decay. To provide safe and durable isolation of the graphite blocks
from the environment they should be infiltrated with a of special polymeric conservation agent
[11].
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5. Graphite burning
To minimize the amount of graphite to be burned, a special analysis of radiological

consequences of burning of the "pure" part of the graphite stack was carried out. According to
calculation and experimental estimations, 97% of the graphite stack is not contaminated with
fission products and can be considerd as "pure". The radiological consequences of burning the
irradiated reactor graphite were analyzed for a 15 km area around Obninsk. The distance
between Obninsk and the reactor site is about 1 km.

The area contains about 44 % agricultural lands whose main agriproducts are potatoes,
vegetables, fruits and white straw crops. Products from dairy and cattle farming in the area are
meat, milk and eggs.

The population of the area is about 200,000, mainly in Obninsk (100,000) and 7 towns
and villages (with populations from 3,000 to 30,000). For the analysis it was conservatively
assumed that the population eat imported bread products, but consume other foods which are
produced from the native agriproducts

During the burning of graphite the radioactive isotope 14C is released to the atmosphere
in the form of CO2. This gas is absorbed by air breathing plants during photosynthesis, after
which it makes its way to the human body by the ingestion pathway (through vegetable or
meat-milk food chains). The dose due to the inhalation of 14C is negligible.

The analysis of the radiological consequences of food intake used the official market-
basket data, which is an average for the Russian Federation at present time (see Table XI).

The burning of the pure parts of the graphite (49.5 tons), following 90 years of decay,
will release ~ 4xlO13 Bq of 14C (see Table VI). This release was analyzed by applying the
recommended IAEA [12] Gauss model of atmospheric diffusion to the agricultural lands in
the area around Obninsk. The result is a conservative calculation of equivalent doses due to
the consumption of contaminated food (taking into account the negligible effect of nuclides
from Table VI other than 137Cs and 90Sr) equal:

• For adults - 1.4 u,Sv per year
• For pensioners -1 .1 JJ.SV per year
• For children - 2.0 |j.Sv per year.

Comparing these results with the IAEA and Russian Federation legislated dose levels
[13, 14] of 1 mSv/year for members of the public, it can be seen that the radiological effect
from burning of the pure parts of the reactor AM graphite is about 0.1 or 0.2 % of the allowed
annual dose, i.e., it is negligible.

Table XI. Average food intake**, kg per year

Kind of product
Vegetable products
Meat & eggs
Milk

Adults

230
43
211

Pensioners
200
29
200

Children

267
41
296

: This is the average for the Russian Federation without bread and bread products.
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It is very interesting to compare these results with the amount of natural 14C in the
human body. According to UNSCEAR publication [15], the average effective equivalent dose
due to natural 14C in the human body is about 13 u.Sv per year. Thus, according to the
conservative evaluation, burning of the AM reactor graphite can increase amount of 14C in
human body about 10 or 15 %. Since the actual native food consumption is ~ 30%, the value
equals only ~ 3-5 %. This is within the data accuracy of the UNSCEAR publication. Thus, the
radiation risk from burning the AM reactor graphite is negligible.

6. Contaminated graphite
One option that should be considered for the safe storage of the graphite blocks is to

decontaminate the surfaces contaminated with fission products. All of these blocks, which
number about 100, are from the core and lower reflector. Preliminary experiments indicated
that surface contamination of graphite with fission products could be partially removed by a
concentrated solution of nitric acid, decreasing the surface activity of 137Cs at the same time.

The analysis of graphite probes from the reactor core resulted in a preliminary estimate
that there are some dozens of the high level contaminated blocks, based on the evaluation that
the mass of 235U spilled was 4 g. For these blocks it is recommended to stabilize the
accumulated radioactivity by the method of high-temperature self-spreading synthesis in
stable carbide-oxidic composite material [16].

7. Safety during storage of reactor
The list of initiating events that could lead to possible accidents during the long deferral

period needs to be developed as the basis for performing a total safety analysis of the
unloaded AM reactor. Once the list is obtained an analysis of the radiological consequences of
each of them results in the impact on the staff and the public. It is time-consuming and
expensive work, which could include the performing of experiments with reactor graphite
samples under extreme conditions (high temperature, solubility in ground water etc).

To estimate the scale of radiological consequences during the preliminary stage of safety
analysis for the long decay period, an analysis was carried out for one hypothetical accident
involving a near ground release of 23 kg of graphite paste (about 10% of the full amount, used
for repair of graphite stack of reactor AM in 1971 and 1987) after 50 years of decay. The
chemical content of the paste was measured via activation analysis. The main nuclides and
their activity were: 3H - 4.4xlO9Bq; !4C - 5.0x1010Bq; 36Cl - 3.6x108Bq.

The maximum calculated effective equivalent dose per year due to the accident, at a
distance of more than 1 km from the reactor, is 0.5 mSv/year. That is less than the dose limit
for the public for a year, 1 mSv. This maximum occurs near the reactor and it is 14 mSv/year.
This is less than the dose limit for Staff of Group A (operating staff - 20 mSv/year), but it
exceeds the dose limit for Staff of Group B (assistant staff- 5 mSv/year). So, an accident of a
similar scale would require decontamination of the terrain near the reactor block, but it is not a
catastrophe.

8. Radioactivity inventory for radwaste storage of hot cell
The AM reactor was the first research reactor in Russia. The reactor building contained

a hot cell, employed in the cutting up of spent fuel assemblies for the subsequent
investigations. During its long period of operation the accumulation of radioactive wastes,
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stored under the hot cell, amounted to 21.5 tons of irradiated graphite sleeves of fuel
assembles and control rods, and 7.5 tons of irradiated steel fragments of fuel assembles.
Measurements of activity for a "fresh" irradiated graphite sleeve allows one to identify the
aggregate activity of radwastes in storage. The results of the estimation are present in Table
XII.

Comparing Table XII and Table VI, it can be seen, that the total activity of the graphite
stack for each nuclide other than 63Ni from stainless steel, is significantly greater (by factors
of 10 to 1000 times) than the activity of radwastes in storage at the hot cell. So, the decision
regarding the long lived period of decay for the AM reactor without dismantling also applies
to the wastes stored at the hot cell regarding unloading them into a central radwastes storage.
One is advised to follow this decision in order to decrease the dose to the operating staff due
to the unloading of the hot cell radwastes storage.

9. Primary circuit
The activity of surface depositions in the primary circuit is due to the activation of corrosion
products and, for 6 0Co, is about ~ 108 Bq/m2 . Experiments were performed on deep
decontamination for fragments of the primary circuit (surface contamination ~ 10 Bq/m )
with concentrated hot solutions of alkali and nitric acid. They showed the ability to decrease
the surface activity - 1 0 0 times. The estimated volume of liquid radioactive wastes from deep
decontamination of the primary circuit is about 60-70 m3, estimated radioactivity of Co is
about 1013 Bq (after 5-10 years of decay). A more effective and natural method of decreasing
the activity is decay time. A simple estimation shows, that the unconditional clearance level
(for unrestricted use) for surface contamination (10 Bq/cm2 fo r 6 0 Co) recommended by IAEA
[17] will be achieved after 50 years of decay. The calculated estimate of 63Ni surface
contamination at this time is less than 103 Bq/cm2 , i.e., less than 5 % of the unrestricted
clearance level for that nuclide for construction materials.

Table XII. Integral long live radioactivity inventory for radwastes storage of hot cell, Bq

Material

Graphite

Stainless steel

Nuclide
JH
14C
36C1
60Co
63Ni
152Eu
i54Eu
137Cs
yuSr
6UCo
63Ni

10 years of decay

1.6xlO9

4.7xlO10

6.7xlO7

4.3xlO8

4.1xlO8

l.lxlO9

5.5xl09

l.lxlO11

1.6xlO9

6.6xlO12

1.2xlO14

90 years of decay

1.8xlO7

4.7xlO10

6.7xlO7

1.2xlO4

2.2xlO8

1.9xlO7

8.7xlO6

1.7xlO10

2.3xlO8

1.8xl08

6.6xlO13
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10. Decommissioning plan
The preliminary planning schedule for the decommissioning of the AM reactor includes

the following:

(1) Preliminary inventory of the cumulative long lived radioactivity in the AM reactor and
development of the decommissioning strategy- 1998-2000.

(2) Development of Decommissioning Proj ect - 2001 -2003.

(3) Safety Analysis for the deferral stage of the defuelled AM reactor - 2004.

(4) Final shutdown of the AM reactor - December of 2004.
(5) Cooldown and defuelling of the reactor, drainage of coolant - 2005.
(6) The first deferral stage - 2006-2010.
(7) Complex Engineering and Radiation Survey of the reactor and the storage of radioactive

wastes - 2007-2009.
(8) Updating of the Decommissioning Planning for the AM reactor, including revisions to

the safety analysis for the second deferral stage.
(9) Isolation of the reactor. Decontamination of reactor components in zones needed for

maintenance during the deferral stage - 2011-2013
(10) Removal of the radioactive wastes in storage or its isolation for safety.
(11) Monitored deferral stage-2013-2095.
(12) Dismantling and removal of some stainless steel components of the primary cooling

circuit-2055.
(13) Detailed Engineering and Radiation Survey of the reactor and all components still on-

site to develop solutions for dismantling them.
(14) Dismantling of reactor and reactor facility (if required) - 2095-2100.

11. Summary
The conceptual decommissioning strategy for the AM reactor consists of long term safe

storage with deferred dismantling without the use of remotely operated equipment. Isolation
of the shutdown reactor from the surrounding environment will be provided. Nonetheless,
during the 90 year deferral period decommissioning solutions will be considered only after
careful engineering investigations of the isolating barriers (including the reactor vessel) and
the reactor building up that date.

After that one of two different solutions will be chosen:

• dismantling of the graphite stack and transportation of the graphite blocks to a special
depository; or

• continued storage of the graphite in the reactor for the next 50-100 years, after reinforcing
the reactor vessel and other isolating barriers.

During dismantling of the graphite stack, the graphite blocks should be carefully sorted
based on their level of contamination. Highly contaminated blocks, which also contain high
levels of induced activity, should be reprocessed with a special technology. This technology
includes the grinding of the graphite blocks and their transformation into stable carbide-oxide
composite material under high temperatures.
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The amount of stored graphite could also be decreased by burning the uncontaminated
parts of it. Radiological consequences of this burning for the exposed population are
acceptable. However, the final decision on the technology to be used for disposal of the
graphite will be made in the future, after a deferral period.

After 50 years of decay, steel reactor components, contaminated with activated
corrosion products, could be reused without decontamination or any other limitations or, in
the case of necessity, after 25 years of decay and careful decontamination.
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