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The paper considers the current state of affairs in the development of an integral information model describing a 
radioactive waste management facility through the example of FSUE RADON’s site. The paper provides the results of 
a 3D information model development based on the data of in-situ laser scanning and analysis of design documentation. 
Development of detailed 3D hydrogeological information model for the far field and near field is also discussed. 
Consideration is given to potential use of integral information models in the development of safety assessments and 
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of the information models and measures to enhance their capabilities. 
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Introduction

Long-term planning methods aimed at address-
ing the safety issues have started to be quite exten-
sively applied to individual nuclear facilities and 
their complexes. Feasibility of information model-
ing, including the development of so-called digi-
tal (information) twins tailored to address these 
issues, as well as their availability per se has also 
been repeatedly recognized and justified [1]. In-
formation modeling of a site involves the devel-
opment of its digital twin based both on the field 
studies (for example, laser scanning) and records 
(design and operational documentation), as well 
as other relevant information (site investigation 

findings, etc.). Requirements to the data contents 
and the corresponding level of detail are set based 
on the tasks stated for the information modeling. 
Information modeling is believed to be essential in 
case of radioactive waste (RW) disposal and long-
term storage facilities. Russian literature provides 
no discussion on an actual practice suggesting the 
implementation of an entire process flow (digital 
twin — evaluation of potential states — strategy se-
lection — comprehensive engineering and radiation 
survey for refining purposes — in-situ disposal or 
decommissioning designs — establishment of new 
production capacities) under a single information 
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platform. The above opportunities, tasks specified 
for strategic planning and digital development giv-
en the requirements of State nuclear safety regu-
lators associated with nuclear legacy facilities [2], 
have prompted Federal State Unitary Enterprise 
RADON to develop a digital twin (integral informa-
tion model) of an industrial complex for RW man-
agement. Option-based long-term forecasting of 
RW storage facility safety was established as a pri-
ority task to be addressed under the digital twin de-
velopment project. In this regard, the requirements 
for the degree of geometric and attribute model 
data elaboration are slightly milder than those 
specified for the development of design and execu-
tive documentation and operational management.

In a certain way, the efforts performed to address 
the challenge of FSUE RADON site may prove to be 
the first large-scale experience in this field combin-
ing the decision making on nuclear legacy and site 
development issues. The article focuses on the ap-
plied methods and the results obtained at the ini-
tial stage. It also summarizes the recommendations 
for similar operations that could be implemented at 
other industrial sites in the future.

RADON’s Industrial Complex 
for RW Management

60 years ago, FSUE RADON became the first en-
terprise in the USSR being specifically involved in 
RW management. Already in early 1960s, operation 
of RADON referred to as PO Box No. 662 at that 
time, provided a significant decrease of waste in-
ventory accumulated in temporary RW storage fa-
cilities operated in large scientific centers in Mos-
cow. Subsequently, routine shipment, processing 
and storage of RW from the organizations operated 
in the central region of Russia was supported by 
scientific and practical efforts on waste processing. 
In many areas, these accounted for pilot projects. 
Some cases in point involve the development of 
transportation means, the development and imple-
mentation of processes and facilities for RW pro-
cessing and conditioning (vitrification, cementing, 
compaction), development of radiation monitoring 
systems and many others [3]. Currently, the enter-
prise was assigned with the task of establishing an 
advanced industrial complex that could become a 
key organization responsible for the final life cycle 
stages of nuclear legacy facilities.

Over the years, the industrial complex located in 
Sergiev Posad municipality has been considered 
as the main site operated by RADON. The site was 
originally split into two areas: the "clean" one and 
the controlled access area (CAA). The latter one 
comprised reinforced concrete near-surface storage 

facilities the designs of which did not provide op-
portunities for RW retrieval. In keeping with safety 
requirements of that time, after SRW emplace-
ment operations were completed, SFs were closed 
by means of a covering screen installation. If nec-
essary, these barriers were overhauled; at a num-
ber of facilities the voids were backfilled with buf-
fer materials (cement mixture). To provide higher 
useful capacities of existing RW storage facilities, 
hangars were built over some part of their footprint 
intending to provide temporary storage for waste 
containers. In addition to the available complex of 
near-surface facilities designed for long-term SRW 
(KhTO 1–34, SBD, building 69, structure 103) and 
LRW (KhZhO, BZh) storage, a complex of RW pro-
cessing facilities was built and is currently operated 
within the CAA. The industrial complex has been 
operated in compliance with operational safety re-
quirements specified in the provisions of applicable 
regulations.

For a long time, the enterprise was operated out-
side the scope of the nuclear sector which cannot 
be perceived in an unambiguous way. On the one 
hand, it received relatively stable funding from the 
Moscow government, and on the other, there was 
a certain detachment from the practical tasks ad-
dressed by the industry, including those associated 
with the development of a Unified State System for 
RW Management at the first stage of its deploy-
ment. These reasons largely explain the fact that 
under the primary RW inventory taking campaign, 
no fully fledged long-term strategy concerning 
the RW storage facilities was developed given that 
many of such facilities had been originally designed 
as repositories, i.e., facilities for the final disposal 
of RW suggesting no intent for further retrieval of 
the waste.

Under the primary RW inventory taking cam-
paign implemented in 2014, all 43 facilities with 
accumulated RW operated by FSUE RADON were 
categorized as long-term storage facilities and de-
cisions on their categorization as non-retrievable 
and/or retrievable RW storage facilities were post-
poned until 2030. The accumulated RW inventory 
totaled over 130 thousand m3. Such an uncertainty 
in terms of the long-term strategy is typical for 
many specialized enterprises that once belonged to 
the former RADON system, including those that are 
currently located abroad [4].

Conditions for the development 
of a long-term strategy

Successful development of the site’s long-
term development strategy should be, first of all, 
based on the compliance with modern regulatory 
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requirements, according to which the type of accu-
mulated RW (retrievable or non-retrievable) should 
be specified with subsequent stages of RW man-
agement being identified based on it. The follow-
ing stages should be provided for storage facilities 
holding retrievable RW: retrieval, processing to en-
sure its compliance with waste acceptance criteria 
for disposal and disposal at the sites run by the Na-
tional Operator for RW Management. As it comes 
to so-called non-retrievable waste, the following 
steps are required to be implemented: changing 
the status of the facility into a facility holding non-
retrievable RW or a disposal facility for non-retriev-
able RW provided its subsequent upgrading to a RW 
disposal facility.

Secondly, strategic goal of industrial site trans-
formation on the whole should be specified. At 
present time, this goal provides for the develop-
ment of two effective and safe complexes — RW dis-
posal complex (a number of near-surface RW DF) 
the responsibility for which should be passed on to 
the National Operator for RW Management and RW 
processing (pilot and industrial production facili-
ties). The ratio between them should be established 
on the basis of an assessment and demonstration 
of the legacy facilities’ long-term safety. It has been 
also recognized that the criteria set for the legacy 
facilities should not be limited exclusively to those 
established for non-retrievable RW categorization 
purposes (collective effective radiation doses, risks 
and costs), but should also include others associ-
ated with the perspectives of new facility construc-
tion at the site. In other words, a decision can be 
made on RW retrieval or reloading at certain sites, 
if it is found that the construction of a new facil-
ity with a much higher capacity or safety barriers 
designed for “more complex" RW emplacement is 
possible.

Application of a staged approach to addressing 
the task seems quite reasonable: long-term safety 
assessment and, if possible, safety demonstration 
for each legacy facility (involving additional stud-
ies and assessments, if necessary); optimization 
of RW industrial processing layouts; option as-
sessment and justification of development invest-
ments; strategic decision-making on the develop-
ment prospects.

Site Information Model

 The first stage is basically focused on the sys-
tematization of source data enabling the long-term 
safety assessment, which, similarly to all other 
legacy facilities, are not always in good condi-
tion and in most cases have not been subjected to 
modern processing and analysis methods. RW data 

requirements have been formulated a long time 
ago, but for decades they have been focused on the 
formal fulfillment of requirements on the record-
ing of certain procedures and operations, and not 
on the long-term preservation of information and 
its active use. To a decisive extent, this was due 
to the limited machine data processing capacities 
available at that time. Today, given intense digitali-
zation occurring in all possible areas, opportunities 
for the development of industrial site digital twins 
should be considered as not being limited to three-
dimensional images of such facilities, support pro-
vided to routine process operations and compliance 
with a large number of requirements [5] for han-
dling information on facilities and the waste stored 
therein. It can be assumed that in the coming years 
digital twins will become a must specified under 
safety regulations, since only in case of their avail-
ability or based on them, compliance with the fol-
lowing conditions can be demonstrated: operating 
organization has most complete information on the 
site, facilities and materials held in such facilities; 
all modern methods designed to calculate the safe-
ty characteristics were put in place; implemented 
data analysis takes into account the consequences 
of accidents; digital design methods were applied 
to develop new facilities and operations at legacy 
sites; information is properly recorded.

To develop an information model of buildings 
and structures located at RADON site, top-priority 
efforts covering five main focus areas were imple-
mented in 2019—2020.

1. Laser survey of all facilities located within the 
industrial site boundaries was performed using 
modern equipment (laser scanner Leisa). On the 
whole, the measurements were performed at over 
900 scanning stations with over 200 of which located 
outdoors. Primary data obtained from laser surveys, 
so-called “non-cross-linked clouds of laser scan-
ning points” were recorded and applied to refine the 
information model. The choice of the station loca-
tions within the site was based on the characteris-
tics of the device and landscape features so that the 
entire industrial site could be reliably reconstructed. 
Cross-linking of files from the laser scanning point 
cloud into a single design and error handling was 
performed in a purpose-developed Leica Register 
software package. General layout of scanning sta-
tions within the considered site is presented exactly 
at such a cross-linked image (Figures 1, 2). The cre-
ated model is already considered to be of a practical 
interest, for example, since it will subsequently al-
low to monitor the state of buildings and structure 
surfaces, including the stability of covering screens 
by means of recording their millimeter deviations 
from the 2019 indicators. In general, this technology 
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allowing to monitor the technical state of facilities 
seems very promising due to its high performance. 
Thus, for example, less than a day of site work will 
be required to repeat the survey of all drainage fa-
cilities located at the site and less than a week of 
desk work of a small expert group.

2. Over 100 items of project documentation were 
extracted from the archives. These have served a 
basis for the development of so-called “as designed” 
information models of buildings, structures and 
equipment elements, the necessary attributes of 
the model data were filled in (Figure 3).

The very first experiments focused on the com-
parison of “as designed” and “as built” models have 
revealed certain conflicts. Evaluation of the models 
(Figure 4) and subsequent visual identification of 

the collision, for example, the one associated with 
KhTO 8, 8a (Figures 5, 6), allowed to arrange relevant 
efforts to eliminate the key inconsistencies between 
the information model and the actual setting at the 
site. It should be noted that these inconsistencies 
are viewed as a fairly common phenomenon [1].

3. Significant progress in collection and recov-
ery of data on the characteristics of accumulated 
RW inventory. Until recently, no single algorithm 
allowing to restore the characteristics of RW that 
had been emplaced into storage facilities several 
decades ago was available. Based on the data from 
the logbooks on RW inventory accumulated in the 
storage facilities, it appeared impossible to identify 
such characteristics for individual RW packages em-
placed into storage facilities at the time of RADON’s 

Figure 1. General layout of scanning stations 
at the site (yellow triangle — scanning station, 

orange and yellow fields — laser scanning 
points)

а	 b

Figure 2. General view of the “as-built” model (a) (the color palette "by 
level" (b) corresponds to the relative height of the laser scanning points 

relative to each other)

Figure 3. A fragment of an information model with facility data attributes
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early operation, namely, the specific activity, weight, 
volume, etc. Non-conservative estimates of RW 
amounts (volume) could be provided only for some 
part of the facilities. The most challenging were 
the facilities closed in the early years of RADON’s 
operation (Figures 7, 8, Table 1). For example, in 
2018 safety barriers of KhTO-2 facility, originally 
entombed in 1961, were penetrated to retrieve the 
waste held therein. The activity of the accumulated 
waste turned out to be significantly lower than the 
levels indicated in the available logbooks (corre-
sponding to the level of very low-level and low-level 
RW). Available data, including those on the ground-
water contamination in the vicinity of the facili-
ties, showed that an in-depth analysis is required 
to evaluate the state of 8 facilities. These facilities 
(marked with red in Figure 8) are characterized by 
most extensive accounting data on the waste activ-
ity and, apparently, the greatest uncertainties.

4. Summarizing the data on the environmental 
conditions in the regions with legacy facilities. Ra-
diation situation outside FSUE RADON controlled 
access area can be described as favorable. Efforts 
implemented under this focus area only allowed 
to update the data presentation form and simpli-
fy the access to it. Moreover, industrialization of 
the industrial site area is not considered as an is-
sue for subsequent long-term safety assessments, 
since they will be based on traditional chains of 
radionuclide intake via food products. Thus, any 

Figure 4. “As built” and “as designed” model collision evaluation for KhTO 8, 8a

Figure 5. Visualization of “as built” and “as designed” model collision  
for the KhTO 8, 8a based on combined models

Figure 6. General view of “as-built” model  
(color palette corresponds to relative height)

“As built” model of laser scanning point cloud

color palette 
along 

“normal lines” 

— Corresponds to a standard grouping of laser 
scanning points next to the surface normal. 

Point grouping along the general surface:

— Upper surface of KhTO storage facility. 

— Eastern slope of KhTO storage facility. 

— Vertical surface of embankment.

“As designed” model

— Information model elements of the storage 
facility (marked by solid gray).
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industrialization of agricultural production and 
urban development of settlements will reduce the 
population exposure.

5. Summarizing the data supporting long-term 
safety demonstration for RW storage/ disposal fa-
cilities. This focus area deals with geological, hy-
drogeological and hydrological information, me-
teorological data, subsoil monitoring data, earth 
crust movements and many other types of data. 
Their generalization and feeding into the informa-
tion model will help to track the evolution of natu-
ral processes/phenomena over time, also serving a 
basis for forecasts on their further dynamics.

Since the commissioning of RADON facilities, 
factors and processes responsible for radionuclide 
migration into the environment are evaluated for 
the industrial site and its adjacent areas followed by 
prediction calculations describing the spread of ra-
dioactive contamination from the storage facilities, 
first, based on empirical formulas (starting from 
1978) and then using general-purpose software for 
engineering calculations, for example, Mathcad 14. 
Currently, novel three-dimensional model of the far 
zone is available for the FSUE RADON site area de-
signed to calculate unsteady isothermal filtration 
and transfer problems in heterogeneous and, possi-
bly, anisotropic geological environments, using the 
calculation code (CC) GeRa/V1 [6]. In accordance 
with its certification passport, CC GeRa/V1 pro-
vides predictive and epignos calculations of hydro-
geological and hydrogeochemical setting on a local 
or regional scale.

The key features of the developed model distin-
guishing it from all the previous ones include:
•• Three-dimensionality and lateral extent of mod-
el dimensions (Figure 9). Model calculations are 
implemented within a purpose-plotted triangu-
lar-prismatic computational grid, consisting of 
almost 100 thousand cells. The grid takes into ac-
count the geometry of the geological model. Di-
mensions of the calculated model domain account 

Figure 7. Breakdown of RW volumes and activity  
by facility closure years

Figure 8. Breakdown of RW storage facilities  
by RW amounts and activity

Table 1. Grouping of storage facilities given the state of safety barriers, storage facility types, RW disposal methods 

N KhTO No SF type
Year of disposal 

operations 
completion

RW type State

1 1.3—5 Shallow made of reinforced concrete structures 1961

In bulk, with voids backfilled 
with LRW-based cement mortar 

“Entombed”, 
covering screen 
was installed

2 6—10 Shallow made of prefabricated reinforced concrete 
structures with a surface part (two-floor) 1973—1981 

3 11—26 Shallow made of reinforced concrete structures 1973—1981 

4 27—29, 36 Shallow made of monolithic reinforced concrete 1999—2001 

5 30—34 Shallow made of monolithic reinforced concrete 
with a surface metal pavilion

Surface section 
has not been 

closed

Tiered package emplacement 
(NZK, KMZ, KRAD) in the under-
ground section with the voids 
backfilled with clay powder

Subsurface tanks 
were “entombed” 

(asphalt) 
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for 34 × 25 km on the surface reaching a depth of 
300 m. The model is planned to be refined locally 
to include the near field of each storage facility 
separately, providing an adequate forecast on the 
spread of radionuclides in the geological environ-
ment over a time period while the stored waste 
potentially remains hazardous.

•• Data from 72 deep wells (200 m) drilled from 
1976—1977 were studied, hydrological setup in 
the area was investigated. The model includes 
11 geological layers.

•• Justification of model boundaries. To determine 
the boundary conditions of the model, a regional 
model of groundwater flow was created based on 
the analytical element method [7, 8]. Local and 
regional drains were taken into account during 

the identification of the filtration model’s exter-
nal boundaries: these are considered important 
for groundwater discharge area evaluations. Fig-
ure 10 shows the model distribution of hydroiso-
hypses. The results obtained correspond to the 
hydrogeological setting within the studied area.
Based on preliminary calculations, probable di-

rection of neutral tracer flow was identified. The 
results show that the contaminant spread is mainly 
directed towards the Dubna River, which appears to 
be consistent with the findings of field studies and 
regional concept of groundwater flows in this terri-
tory (Figure 11).

Long-term safety assessment for a period of up 
to 10,000 years requires a long-term climate fore-
cast. International practice in climate change 

Figure 9. 3D model of the far zone

Figure 10. Model hydroisogypsum  
distribution

Figure 11. Probable direction  
of neutral tracer flow
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accounting commonly relies on various types of 
climate emerging due to its evolution, such as, for 
example, glacial climate, tundra climate, desert cli-
mate and others. Each type of climate has its own 
characteristics that can affect the nature of the pro-
cesses occurring in the system, including relevant 
impacts on engineered barriers and RW packaging, 
the spread of radionuclides and other waste com-
ponents in the host rocks and their release into the 
open biosphere. Thus, accounting of impacts asso-
ciated with climate changes involves:
•• projection of climate changes in the facility sit-
ing area on the medium- and long-term periods, 
accompanied by the probability assessment of its 
changeover into a certain type of climate;

•• identification of normal evolution climatic sce-
nario characterized by maximum probability;

•• development of scenarios for conservative as-
sessments — consequences of climatic changes 
that can produce a most significant impact on the 
safety of a facility. These types of assessments can 
be only implemented under the assistance of cli-
matologist community.
6. Near-field model is believed to be more chal-

lenging. Its main components involve the parame-
ters set to describe current state of engineered safe-
ty barriers constituting to RW storage facilities and 
multivariance in the specification of the facilities 
final state. Data on groundwater contamination in 
the intermediate vicinity of the facilities is consid-
ered as the main source of information on the bar-
riers state. Groundwater contamination has been 
monitored for many decades and in recent years 
it has been transformed into facility-level moni-
toring of the subsurface state (OSMN) serving the 
basis for the developed annual reports. Within its 
framework, monitored are the changes in chemical 
and radionuclide composition occurring due to liq-
uid phase seepage from storage facilities № 1—29 
and 36 (namely, from the damaged structural ele-
ments of engineered barriers) with water samples 
being taken from observation and investigation 
wells. In some cases, the data obtained indicate 
relationships between precipitation and contami-
nation. However, no full-fledged joint analysis of 
these data and the weather data, including the one 
suggesting the use of modern methods of spatial 
geostatistics, was performed. In this regard, a num-
ber of tasks should be addressed to integrate the 
OSMN findings into an integral information model 
and analyze the data of ongoing monitoring so that 
the correlations revealed during the processing of 
contaminant behavior model for the near field of 
the facilities could be accounted for. Corresponding 
experience, including the experience gained at the 
FSUE PA Mayak [9], is available.

Preliminary ranking of facilities according to 
current EBS state enabling subsequent in-depth 
study of corrective measures has been completed 
as well. Multivariance of engineering solutions 
providing the final state of each facility is not con-
sidered as a technically challenging issue, in par-
ticular, since these are naturally limited by general 
design concept of the site and its splitting into two 
integral zones: RW disposal zone and RW process-
ing zone.

Buildup of integral information model and rele-
vant calculation models will be accompanied by the 
development of:
•• long-term safety demonstration methodology 
based on unconditional requirements of the reg-
ulatory framework that has significantly evolved 
over the recent years [10], the experience gained 
during the safety demonstration of RW geological 
disposal [11] and the direct results of Rostekhnad-
zor safety reviews;

•• methodology used to categorize RW as non-re-
trievable waste still being based on the develop-
ments associated with the primary RW inventory 
taking campaign, summarized in [12]. To date, 
they have been supplemented with important 
evidence on the cost of operations and personnel 
exposure, taking into account the activities per-
formed in 2014—2019. Estimated land value of a 
RW storage facility site is considered as another 
new aspect that is planned to be accounted for in 
the decision-making on the industrial site devel-
opment strategy.

Conclusion

The implemented activities potentially suggest 
that the development of an optimal long-term 
strategy for FSUE RADON site can be successfully 
completed over the next two years. At the same 
time, recommendations on the arrangement of 
similar activities at other sites and facilities can be 
summarized as follows:

1. Up-to-date models of facilities should be built 
simultaneously accounting for two concepts — “as 
designed” and “as built” providing access to an ac-
tual model that could serve a basis for long-term 
safety assessments, development of decommis-
sioning and monitoring designs.

2. Laser scanning is considered as a most effective 
tool providing prompt data on the state of facili-
ty’s external structures. Its implementation should 
involve a minimum of three stages along with the 
changes occurring over time: primary scanning; 
additional scanning of problem areas; regular scan-
ning (with 2—3-years-long time interval) to assist 
the long-term monitoring of structures.
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3. Additional instrumental surveys of structural 
elements should be performed requiring georadar 
research methods testing.

4. Application of institutional control over indi-
vidual processes and activities (laser scanning, de-
velopment of information models and requirements 
for data and attributes) seems to be reasonable.

5. It’s considered advisable to upgrade the subsoil 
monitoring system so that it could present integral 
data and could be used by operating organizations 
involved in the long-term safety demonstration of 
facilities. 

6. A large number of near-surface RW storage and 
disposal facilities, including the non-retrievable 
ones, demonstrate the prospects of developing cal-
culation and analytical (digital) services dealing 
with the long-term safety assessment and demon-
stration of near-surface RW storage facilities.
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