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This article presents the results and methods allowing to evaluate the changes in the radiation situation during the 
experimental implementation of graphite stack dismantlement methods at ADE-5 PUGR (JSC PDC UGR site). It con-
siders the approaches proposed to limit the increasing gamma radiation levels at work places when an opening is 
arranged in the upper structures of a shutdown uranium-graphite reactor providing access to the graphite stack and 
evaluates their effectiveness. 
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Introduction

At present, immediate dismantling option is seen 
as a priority decommissioning strategy for power 
reactors of RBMK, AMB and other types in the Rus-
sian Federation [1—3]  This approach has a number 
of undoubted advantages associated with signifi-
cant savings since long-term maintenance of the 
facility is not required, highly qualified personnel 
and critical knowledge about the facility are avail-
able early after its final shutdown. It also excludes 
undue burden placed on future generations associ-
ated with radioactive waste (RW) management  At 
the same time, it should be taken into account that 
this strategy is difficult to implement, since the 
main reactor structures are characterized by rather 
high gamma-radionuclide levels 

The influence of this radiation factor:
 • complicates the dismantling process from an en-
gineering point of view since it requires the use of
sophisticated remote equipment;

 • necessitates the use of additional engineering
flowcharts and structures to provide the radiation
safety of decommissioning and RW management
operations;

 • entails high risk of exceeding the permissible ra-
diation doses for personnel 
Taking into account the complexity of the task

and the risks associated with this strategy, R&D is 
implemented in a staged manner to develop and 
test safe UGR dismantling methods based on the 
production uranium-graphite reactor ADE-5 (JSC 
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PDC UGR)  The R&D involve extraction and analy-
sis of PUGR structures, their elements and frag-
ments, as well as those of the biological protection 
[4—6] 

At the same time, special attention is paid to the 
measured activity of structures and changes in the 
distribution of the equivalent dose rates (DER) at 
different decommissioning stages allowing to pre-
dict the radiation situation and obtain initial data 
needed to select appropriate methods that would 
minimize the gamma radiation levels, as well as to 
assess the radiation exposure of personnel [7] and 
the opportunities for the operation of electronic 
equipment constituting to manipulators or robotic 
systems 

Radioactive contamination of reactor 
structures, its features and impact 
on the radiation situation in UGR structures

During the initial cooling period, the gamma ra-
diation DER in metal structures (MS) of shut down 

production and power uranium-graphite reactors 
can reach 100 Sv/h  However, with time it decreases 
exponentially due to relatively short half-life of 
gamma-emitting radionuclides (125Sb, 54Mn, 65Zn, 
etc ) contained in the materials of reactor MS  In 
10 years, the activity of these radionuclides decreas-
es dramatically and the change in DER becomes 
more uniform obeying the 60Co decay dynamics 

Table 1 presents the list of key gamma-emitting 
radionuclides contained in structural elements of 
uranium-graphite reactors of various types and 
governing the spatial distribution in terms of gam-
ma radiation fi eld intensity in the reactor space 
(RS) after this time period is expired 

Figure 1 shows typical distribution of gamma ra-
diation intensity indicators in the PUGR volume 
measured by the gamma-scanning method [8]  It 
can be seen that its maximum level is observed in 
the lower MS from the base plate of the OR layout  
High radiation intensity was also recorded in the 
side (from the casing to the L layout) and upper 
MS  Complete data on DER measurements for the 

Table 1. List and characteristics of gamma-emitting radionuclides in UGR structures responsible for the radiation 
situation in the RS after 10 years of cooling (PA is an activation product, FP is a fission product)

Nuclide Source 
of origin T1/2, years Gamma energy, keW UGR structures (elements)

60Co PA 5.27	 1173.22;	1332.51 Steel	and	aluminum	metal	structures	(elements),	
thermocouples,	graphite	blocks,	etc.

137Cs	+	137mBa FP 30.17 661.6 Graphite	blocks	contaminated	with	fi	ssion	products
94Nb PA 2.03·104 702.6;	871.1 Zirconia	elements

152Eu PA 13.5 121.8;	244.7;	964.08;	1085.87;	
1112.07;	1408.01 Aluminum	elements,	backfi	lling

154Eu PA,	FP 8.60 123.07;	247.93;	723.30;	873.18;	
996.29;	1004.76;	1274.43;	1596.48

Aluminum	elements,	backfi	lling,	graphite	blocks	
contaminated	with	fi	ssion	products

Figure 1. Distribution of gamma radiation in the PUGR structures: on the left, the reactor layout; in the center — reactor layout with 
maximum DER levels indicated in red; on the right — typical distribution of DER in a loop along the height of the structures 
(1 — upper utilities, 2 — space between the bottom plate E and the graphite stack; 3 — graphite stack; 4 — base plate OR)
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L layout (water protection tanks) are currently not 
available 

Thus, MS and the structures constituting to the 
tracts surrounding the reactor core and located in 
the area between the graphite stack, the upper, low-
er and side biological shields are mainly contribut-
ing to the dose rate in PUGR RS  60Co is seen as a 
predominant and dose-forming radionuclide in the 
material of these structures (carbon and stainless 
steel, aluminum alloys), elements and some indi-
vidual parts (Table 1)  Gamma radiation spread out-
side the reactor is limited due to its absorption in 
the load-bearing structures (E, etc ) and materials 
of the biological protection (backfi ll, etc.).

It should be noted that in some cases, in addi-
tion to MS, the graphite stack may largely contrib-
ute to the gamma radiation levels and the shape 
of its spatial distribution  This situation is typical 
for UGR given high local contamination levels with 
137Cs governed by its distribution zone due to fuel 
component spread into the stack [9, 10]  Moreover, 
137Cs can greatly contribute to radiation fi elds emit-
ted by the MS (especially the lower ones) available 
in the area of a fuel component plume released due 
to incidents 

Radiation situation in structures 
depending on the dismantling option 
and engineering approaches applied

To dismantle the reactor structures, access to the 
dismantled elements of the installation should be 
provided, as well as a fl owchart for their removal 
from the RP  This circumstance provides for (de-
pending on the chosen option) the dismantling and 
removal of individual sections or integral elements 
of the surrounding reactor structures, including 
some part of the biological protection, which may 
result in an important increase in the gamma ra-
diation exposure at the work site and/or in nearby 
areas  Thus, the choice of an adequate dismantling 
option is considered an important task contribut-
ing directly to the radiation situation and the spe-
cifi c features of the dismantling process.

To develop universal technical solutions for UGR 
graphite stack dismantlement, a comparative anal-
ysis of various options was performed (Figure 2), 
including:
 • option 1: access to the graphite stack is arranged 
from above by complete dismantling of the upper 
MS (designed for AMB reactors) [11];

 • option 2: access from above with a relatively small 
opening provided in the upper MS (diagram E) 
[12, 13];

 • option 3: access from a side providing for an open-
ing in the side MS (diagram D) 
Advantages and disadvantages of the above op-

tions were evaluated and its was found that option 2 
[12] proposed by JSC PDC UGR and JSC NIKIET for 
the dismantlement of PUGR graphite stack and 
other UGR types can be considered as a most pref-
erable option 

Advantages of option 2 can be summarized as 
follows:
 • a small amount of preliminary work (dismantle-
ment of E layout and utilities only in the area of 
the opening);

 • common fl owcharts and equipment can be used in 
the operations performed in the RS (access from 
above, insertion and extraction of tools, supply of 
working media, lighting, power supply, local air 
suction, use of standard lifting mechanisms, etc );

 • the main premise and its equipment (the central 
hall of the reactor) are maximally adapted to re-
mote methods used to perform operations in the 
RS and manage the removed RW;

 • personnel can work in the immediate vicinity of 
the opening; 

 • low degree of RS depressurization;
 • high level of shielding in the access area to the 
graphite stack from the bulk of activated reactor 
structures;

 • optimal distance between the dismantling station 
and the extraction station used to remove graph-
ite blocks and fragments of other structures from 
the RS 
In addition to the engineering aspects, the 

choice of an optimal dismantling option should be 

Figure 2. Graphite stack dismantling options: 1 — access from above assuming complete dismantling of layout E; 
2 — access from above with an opening arranged in layout E; 3 — access from the side with an opening arranged in layout D. 

The red frame shows the areas with structures dismantled to provide access to the graphite stack



Radioactive Waste № 1 (18), 202238

Processing, Сonditioning and Transportation of Radioactive Waste

38

governed by the radiation factor which is seen as 
a key factor  Therefore, preliminary evaluated were 
also the changes in the radiation situation under 
various UGR dismantling options  These were cal-
culated using an object-oriented software package 
GEANT 4 [14, 15]  Figures 3 and 4 show the simula-
tion results for options 1 and 2 (gamma radiation 

plume and its spread are shown in green)  60Co was 
chosen as the main radiation source in the simu-
lation (Table 1)  To calculate option 2, the model 
also assumed a case when the main contribution 
to the DER from gamma radiation sources (the up-
per slab in layout E or the fl oor level of the central 
hall — CH) at the workplaces is made by the struc-
tures located above the graphite stack (lower fl ange 
connections, etc ), and after their removal — by 
the top graphite stack layer  For option 2, modeled 
was a method used to arrange an opening: part of 
the backfi ll (a mixture of iron ore concentrate and 
cast-iron shot in the form of a sintered monolith) 
located only in the lower layers, was left in place 
all throughout the length of operations associated 
with the arrangement of an opening and continued 
to act as a radiation protection barrier  Increased 
DER could be caused only by the passage of some 
radiation exposure through narrow penetrations 
along the contour of the opening  At the same time, 
to reduce the load produced on the lifting mech-
anism in the CH during the removal of segments 
with sintered backfi ll, considered was the effect 
produced on the changes in the radiation situation 
due to its reduced thickness. Backfi lling options 
with a backfi ll thickness of 40 and 80 cm were mod-
eled as well (Figures 3 and 4) 

Figure 4 shows height-based DER distributi-
ons over the graphite stack considering option 1 
(curve 1) and option 2 (curves 2, 3, 4) at various 
stages of the process constituting to the arrange-
ment of a narrow opening in the upper MS  For a 
backfi lled opening, DER levels were calculated by 
the height of the opening along the perimeter of a 
penetration (see Figures 9 A—D), from which the 
backfi ll had been removed.

Option 1 can be considered as a most unsafe one 
for UGR, i  e , since in this case, the upper biologi-
cal shielding, which provides radiation protection 
in the central hall (layout E), is assumed to be com-
pletely dismantled. Therefore, at the fl oor level of 
the CH, DER will increase signifi cantly practically 
reaching the levels of gamma radiation DER con-
sidered typical for the upper MSs (the lower slab is 
graphite stack)  DER will drop by only 5—6 times 
due to the distance 

As compared to option 1, option 2 limits the 
growth of gamma radiation DER at the work place 
in a considerable way by maintaining the protective 
function of layout E (Figures 3, 4)  Gamma radia-
tion may be released only through a relatively nar-
row aperture. At the same time, if a backfi ll layer 
of 40—80 cm is maintained while the penetration 
is arranged and until the removal of the most ac-
tive elements (fl ange, etc.), the growth of gamma 
radiation intensity at the level of the CH fl oor may 

Figure 3. Calculation models used to forecast the changing 
gamma radiation intensity considering various scenarios for 

the arrangement of an access to the graphite stack: 
1 — the upper biological protection is completely removed 

(option 1); 2 — access from above with an opening arranged 
in layout E (option 2); 3 — access from above with an opening 
arranged in layout E, but at the same time part of the backfi ll 

remains in place throughout the length of the operations 
(intermediate stage of option 2) [13]

1 2 3

Figure. 4. Forecasted changes in the gamma radiation 
intensity along the height of the opening (in the center) 

considering various options and scenarios (1, 2, 3, 4) 
providing access to the graphite stack
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be limited additionally  Also, additional measures 
can be implemented for the opening (protective 
cover, etc ) to limit the radiation growth  It should 
be noted that, taking into account signifi cant un-
certainties at the time of the calculations, the error 
of the results can reach ± 80 %, which can be con-
sidered acceptable for the preliminary assessment 
of the proposed engineering approaches and their 
effectiveness 

Despite the fact that option 3 may appear the best 
in terms of the radiation situation provided at the 
work site (top of the side MSs), absence of a sig-
nifi cant increase in DER at the MS depressurization 
site (layout E), limits its applicability due to tech-
nical diffi culties associated with the remote access 
that should be provided to the dismantled UGR el-
ements and structures  Therefore, this option has 
not been evaluated under the current study 

Radiation situation at different stages 
of the experiment on debugging a UGR 
graphite stacks dismantling method

Despite extensive modeling opportunities, some-
what realistic picture of the changing radiation 
situation at UGR may be only provided through 
direct measurements in the RS performed during 
the dismantling operations, since spatial distribu-
tion of gamma radiation intensity at each point is 
governed by the superposition of radiation fi elds 
from several sources of different composition 
(steel, aluminum, graphite, etc ), spatial arrange-
ment, geometric confi guration and specifi c activity 
characteristics  At the same time, when a process 
fl owchart was developed for a real-life facility (in 
our case, PUGR ADE-5), they could be removed in 
a staged way and, accordingly, their contributions 
could be estimated more precisely 

In particular, this can be illustrated by the ex-
ample of a space region bounded by the upper slab 
of the graphite stack and layout E  Figure 1 shows 
that in this area DER exceeds the one characteristic 
for the adjacent structures (graphite stack and lay-
out E) by more than an order of magnitude, which 
is explained by the fact that in this region (Figure 5) 
radiation is spreading in the air, i  e , the attenua-
tion characteristics are minimal  In turn, the main 
radiation sources involve activated metal parts and 
structures, in which 60Co accumulation is essential 
(see Figure 5) 

Most activated steel structural elements were 
marked in red on Figure 5, which is due to the higher 
content of 59Co impurity in steel compared to alu-
minum. Table 2 shows the calculated specifi c activ-
ities of gamma-emitting radionuclides in samples 
of individual parts and structures obtained during 

their extraction from the RC  Also, their density and 
mass have an important impact on the intensity of 
gamma radiation emitted by these elements 

Table 2. Isotopic composition and specific activity of 
some parts and structures in the space between the 

bottom plate of layout E and the PUGR ADE-5 graphite 
stack (~ 10 years after the final shutdown)

Part/construction 
type Material

Specifi c activity, Bq/g
60Co 137Cs 152Eu 154Eu

Bottom	slab	
in	layout	E

Stainless	
steel 105—106	

105—106 <	10

<	10

Slab	fl	ooring Aluminum 104—105 102—103

Nitrogen	collector’s	
pocket Aluminum 104—105 102—103

Flange	connection Stainless	
steel 105—106 <	10

 Figure 6 shows photographs of the radiation 
measurement process  In addition to standard do-
simetric measurement tools (DKS-AT1121, MKS-
AT1117M, etc ), a software-analytical complex 
(PAK) was used to evaluate changing DER distribu-
tion in the experimental area at ADE-5 PUGR  The 
PAK was developed jointly with OOO GREEN STAR 
TECHNOLOGIES (Moscow)  PAK (photos C and D in 
Figure 6) includes: a scanning unit (a device used 
to lower and raise the detector, etc ) and a remote-
control unit (industrial laptop with software)  The 
scanning unit was installed directly into the work 
area above the cell (or penetration)  The process 
was controlled remotely via a control unit equipped 
with specialized software (Figure 6) that could be 
used to set the scanning step height-wise  To re-
cord the dose rate of gamma radiation, a BDMG de-
tection unit based on Si-pin point silicon detector 
was used  PAK is the latest generation of previously 

Figure 5. The area between the bottom plate of layout E and 
the graphite stack of ADE-type PUGR (on the right): 

1 — the bottom slab of layout E; 2 — fl ange connection; 
3 — the top sheet of the nitrogen collector’s roof; 
4 — bottom sheet of the nitrogen collector’s roof; 
5 — a sheet of slab fl ooring; 6 — nitrogen collector’s pocket; 
7 — pipes of the tract (early in the dismantling process)
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developed scanning devices SKU-P, SKU-N and 
Gamma-R [8] 

PAK (Figure 6) was used to scan gamma radiation 
DER along the penetration height at various stages 
in the arrangement of the opening (Figure 7)  To 
obtain more complete information, measurements 
were made in different parts both directly in the 
opening (in the corner and in the center) and along 
its outer perimeter 

Figures 7—9 present the main stages in the im-
plementation of a method used to arrange an open-
ing (penetration) required for the dismantlement of 
a graphite stack constituting to a shutdown urani-
um-graphite reactor [13] 

In the space between the bottom slab in layout E 
and the graphite stack, MS fragments located over 
the entire area of the space are considered the main 
sources of radiation (dose rate ranges from 1 to 
10 Sv/h) (Figures 1 and 5, Table 2)  Superposition of 
gamma radiation fi elds results in a characteristic 
spatial DER distribution (Figure 10) with two maxima 

(peaks)  Steel MS elements contribute to the greatest 
extent to the DER at these levels (B, C, D), namely: 
the bottom slab in the layout E, fl ange connections of 
the tract lead-in section, fasteners for fl ange connec-
tions, partially lateral MS (Figures 10 and 5) 

Figure 10 shows gamma radiation DER distribu-
tion along the height of the penetration at various 
stages of operations performed to arrange an open-
ing in the upper MS of PUGR ADE-5 

Comparative analysis of calculated and experi-
mental distributions shows that in Figures 4, 10 and, 
in general, the dynamics in the decreasing gamma 
radiation intensity are quite similar  At the same 
time, in Figure 10, the decrease is sharper, which 
can be explained by the strong infl uence produced 
by activated structures directly in layout E (bottom 
slab and top fl ange connections).

The trend in the height-wise DER distribution in 
the space between layout E and the graphite stack, 
shown in Figure 10 demonstrates the following:
 • after the opening is arranged and the biological 
protection backfi ll is removed from its volume in 
Layout E (H — in the range of 0 25—0 50), observed 
is an insignifi cant increase in DER compared to 
the maximum values. These are signifi cantly low-
er at the level of the upper slab in Layout E where 
the opening was arranged (by ~ 103 times) than in 
the space between the lower slab and the graphite 
stack  Thus, a 2 × 2 m opening in the geometry of 
the upper MSs demonstrates a pronounced effect 
of “cut down” radiation fi elds emitted by powerful 
extended gamma sources under layout E being of 

~ 10 m in its diameter;
 • when the segment of layout E and the elements 
located underneath it are removed, the gamma ra-
diation DER peaks caused by the radiation coming 
from the bottom slab in layout E, the top and bot-
tom fl ange connections constituting to the lead-in 
section of the duct are smoothed and disappear 
(line 3 in Figure 10)  At a given high-altitude section, 

Figure 7. The main stages in the implementation 
of a method used to arrange an opening required 

for the dismantlement of a graphite stack constituting 
to a shutdown uranium-graphite reactor

Figure 6. Radiation measurements: A — in the process of graphite block removal; B — measurements of the removed graphite block; 
С — PAK scanning unit installed at the penetration boundary in the process of gamma radiation DER scanning; 

D — PAK control unit software interface
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average DER also decreases by several times as well 
(with H being in the range of 0 50—0 75) 
At the same time, even despite a distance of no 

more than 3 meters, due to the "cut-off" effect, only 
~ 1 5 % of the gamma radiation intensity reaches 

the upper structures (H — above 0 25) contribut-
ing to the non-exceedance of dangerous dose levels 
for personnel given the compliance with radiation 
safety rules (limited work time) or additional pro-
tective measures (installation of a protective struc-
ture) being in place 

Testing the electronic elements of a robot in RS

To demonstrate the impact of radiation factor 
on the performance of a mobile robotic complex 
(MRC) under real-life conditions (gamma radiation 
DER of up to 1 5 mSv/h, gamma rays energy corre-
sponds to 60Co, air temperature falls within the range 
of 20—25 °C), stand tests were performed with the 
electronic elements of equipment (cameras of vari-
ous types, motors of manipulator units, servo drives, 

Figure 8. Schematic diagram showing the arrangement of an opening providing access to the graphite stack: 
1 — the extracted fragment of layout E; 2 — layout E; 3 — the area between the bottom slab in layout E and the graphite stack; 

4 — stack section with removed graphite blocks

Figure. 9. Main stages in the arrangement of an opening 
providing access to the graphite stack in layout E: A, B, C, D, 
E, F, G, H — contouring, backfi ll removal along the contour 

and cutting out of a segment in layout E; I, J, K, L — removal 
of elements constituting to the nitrogen collector tracts and 
roof; M, N — segment-based protective cover; O, P — part of 

the upper graphite blocks removed through the opening

Figure 10. Distribution of gamma-radiation DER along the 
opening height H at various stages of its penetration in 

the upper MS of PUGR ADE-5: 1 — before the opening was 
arranged; 2 — in the process of opening penetration and 

backfi ll removal; 3 — after the opening was arranged; 
A — top slab in layout E; B — lower slab level in layout E; 

C, D — fl ange connection levels; E — level showing the 
beginning of the graphite stack
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boards, etc ) being tested as well under hard ionizing 
gamma radiation (gamma photon energy 1,172 and 
1,332 keV) in the MS PUGR (space between layout 
E and graphite stack)  Of particular interest was to 
evaluate under real conditions the potential applica-
tion of inexpensive high- and low-resolution cam-
eras originally not designed by the manufacturer 
for these operating conditions  Stand testing also 
involved some manipulations performed to remove 
the graphite block: the stand was held in the open-
ing all throughout the test duration and its perfor-
mance was checked on a daily basis 

Tests of the stand (Figure 11) with an element 
base (developed by OOO SKTB PR, Moscow) in the 
upper MSs showed that basically the MRC element 
base can withstand dose loads of up to 1 5 Sv/h for 
two weeks  During these two weeks of testing, only 
some issues with a rotating high-resolution digi-
tal camera were recorded  After a two-week period, 
signal transmission from the video camera started 
to slowdown, some noise appeared on the image 
(“snow”) and, ultimately, the camara broke down 
completely due to the radiation exposure  In prin-
ciple, this problem can be addressed by the use of 
expensive radiation-resistant video cameras or by 
frequent replacement of the cheaper ones 

 Effectiveness of gamma radiation 
dose rate reduction measures 

All operations and methods tested by JSC PDC 
UGR comply with the international ALARA principle, 
also involving the minimization of time required to 
perform the operations under radiation exposure, 
the use protective tools, increasing the distance, etc  
Optimization required to minimize the exposure 
dose of personnel was also recognized as a must in 
the recommendations of the International Commis-
sion on Radiation Protection ICRP [16]

The unique experience gained was evaluated to as-
sess the effectiveness of measures and engineering 
approaches proposed under the fi rst stage of UGR 
dismantlement Arrangement of an Opening in the 
Upper MS Providing Access to the Stack (Figure 12)  
Effi ciency was calculated: radiation exposure levels 
were compared for two options, namely, if the mea-
sures were implemented or not 

Application of manipulators and robotic complexes

As can be seen from Figure 12, at present stage, 
the minimum effi ciency is associated with the use of 
MRC, which is due to the non-standard topic being 
addressed and the lack of ready-made engineering so-
lutions designed for MRC cutting at the initial stages 
of research  Most part of the work was performed by 
personnel using long tools  At the same time, each 
operation was accompanied by the use of new equip-
ment selected and adapted taking into account the 
emerging technical problems  MRC were essentially 
used due to the tests required to check whether its use 
is possible under real-life conditions and to adapt part 
of the tools to the dismantling tasks at hand  The MRC 
was mainly used to dismantle metal elements in the 

Figure 11. Stand during the testing of MRC electronic elements affected by ionizing radiation in UGR MS: 
1 — stand with an element base; 2 — cable; 3 — control panel of the element base; 4 — tablet; 5 — tablet power supply

Figure 12. Basic measures (approaches) aimed at reducing 
the radiation factor impact at the fi rst stage of UGR 

dismantlement
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space between layout E and the graphite stack (Figure 
13)  At the same time, the experience supported the 
development of plans regarding its wider application 
in a similar operation to be performed in UGR 

At subsequent stages, the effectiveness of ma-
nipulators and robotic systems may only increase 
along with the increasing length of their use in 
intense radiation fields (graphite stack dismantle-
ment, etc ) 

Development of process operations and tools 
based on mock-ups and personnel training

The operations performed showed that their ef-
fective implementation in cramped spaces required 
certain qualifications of the personnel operating 
MRC having proper skills needed to arrange remote 
control via video communication or interactive 3D 
imaging of the workspace  Testing of process opera-
tions and tools on mock-ups and staff training can 
significantly reduce the work time, avoid unjusti-
fied equipment failures and, accordingly, minimize 
the time required for the personnel to stay in an 
area with increased radiation levels 

For this purpose, JSC PDC UGR manufactured 
a special mock-up representing the upper MS of 
the reactor and the top layer of the graphite stack  
Moreover, to work out the experimental capturing 
of graphite blocks, a full-size mock-up was con-
structed providing layer-by-layer simulation of 
PUGR structures [10] 

Decontamination of work premises 
and shielding of sources

Work places should be decontaminated (in our 
case, on the upper flooring in layout E) to mini-
mize the radiation levels  Therefore, after the upper 
group of collectors and pipes constituting to PUGR 
ADE-5 layout were removed and before its MC and 
process channels were started being dismantled, 
the surface of the upper slab was decontaminated, 
which reduced the dose rate of gamma radiation 
(DER) at a distance of 1 0 m from its surface by 

~ 3 times (from 0 8 to 0 25 mSv/h) 

Selection of an optimal engineering 
approach providing stack access

Prior to the arrangement of a penetration in lay-
out E, gamma radiation DER measured in the test-
ing area was found to be equal to ~ 0 2 mSv/h  When 
fragments constituting to the lower slab in layout E 
were removed and the space underneath it along the 
area of the arranged opening was cleared without 
the use of additional radiation protection measures 
(backfilling, protective cover), the DER over the pen-
etration could exceed 25 mSv/h, but if the protective 
cover was installed, DER did not exceed the initial 
level of ~ 0 2 mSv/h  At the same time, as previously 
noted (Figure 4) due to the backfill partially avail-
able on the lower slab of layout E before the struc-
ture segment was removed, a 10-fold increase in DER 
(on the upper slab) along the perimeter (in open 
spaces) could be avoided  Directly above the opening, 
the DER could increase only insignificantly. Thus, 
arrangement of an opening according to a purposely 
developed flowchart (Figures 7—9) allowed to reduce 
the personnel exposure by at least 10 times 

Selection of an optimal dismantling option
If compared with option 1, selection of an optimal 

option with the “dismantlement provided through 
an opening assuming the use of additional mea-
sures” generally allowed to reduce the DER by at 
least 1,000 times, i  e , to a level considered accept-
able for the execution of relevant operations by the 
personnel 

Recommendations

1  Given the current trend for "unmanned" tech-
nologies [3] introduced to perform most labor- and 
dose-intensive operations, it first seems neces-
sary to adapt the tool applied providing its use by 
robotic systems (manipulators)  At the same time, 
one should keep in mind that JSC PDC UGR spe-
cialists should solve a great number of engineering 
problems directly during work execution due to the 
lack of ready-made approaches, incomplete infor-
mation about the structures, backfill, etc. Therefore, 
application of solely "unmanned" technologies 
in the dismantlement of RBMK reactor units ap-
pears to be impossible until sufficient experience 
is gained, ready-made technical solutions, tools 
and equipment are developed and tested  To date, 
it’s recommended to consider robotic complexes as 
auxiliary means reducing personnel exposure, and 
due to the upgrading and improvement of relevant 
approaches, to gradually increase their role and 
performance under UGR decommissioning designs 

2  Preliminary modeling results and experimental 
data obtained should be used in the development of 

Figure 13. Collection of tract fragments, cutting of the 
nitrogen collector’s roof using MRC-28
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a specialized mathematical apparatus to assess the 
radiation characteristics of elements (specific and 
total activity, gamma radiation DER) before these 
are removed from the reactor 

Conclusion

1  Further prospects of an approach proposed for 
graphite stack dismantlement through an opening 
developed by JSC PDC UGR have been demonstrat-
ed, as well as the opportunities for its adaptation 
for other UGR types 

2  Computational and experimental methods 
used to analyze the changes in the radiation situ-
ation during the experimental testing of graphite 
stack dismantling technologies allowed to gain in-
formation required to develop and implement mea-
sures reducing the influence of radiation factor at 
the current stage and supporting further research 
on the development of dismantling technologies 
for the lateral and lower MS and the graphite stack 

3  At present time, an opening arranged in ADE-5 
PUGR structure provides unique opportunities as-
sociated with the equipment testing in real con-
ditions characterized with high gamma radiation 
levels, which is required to provide the equipment 
for the decommissioning of various PUGR types, in-
cluding RBMK, AMB and EGP-6 

4  The analysis showed that the experience 
gained can significantly increase work performance 
if similar operations are planned to be executed at 
various UGR types 
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