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Engineering and IT are two equal and mutually
complementary areas of the company

Engineering company
Expertise

= Development of design and detail design documentation

= Development of design documentation for non-standardized equipment
] Production of non-standardized equipment

] Development, delivery and installation of automated control systems

NESLANT

Industry specialization

. . Nuclear Oil and gaz Microelectronics

IT company

IT-technologies in engineering

BIM-modeling

Laser scanning

Spherical Photography

Simulation modeling

AR / VR technology

Technologies for support of construction and decommissioning
based on digital models

CAD/BIM/PLM development platforms NEOLANT
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The growing decommissioning scope in

AN Russia and globally
@ Decommissioning plans under NRS FTP 1 and 2 in RF: @ Rosenergoatom NPP power units shutdown up to 2030:
Decommissioning of NRHF, pcs.:
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@ Number of shutdown NPP power units
4 (on an accrual basis from 2015):
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Typical problems in decommissioning of
nuclear power facilities

NESLANT

e Design solutions do not match the current
configuration of the NPP unit

- * Design documentation does not contain detailed
N technological solutions

« Insufficiency of CERS and accounting of its
results at designing

* Incorrectly calculated amount of RAW generation

e Poor compliance with design decisions in the
practical implementation of decommissioning
works

 Loss of information about the facility
decommissioned due to its long-term lifecycle
and, in particular, duration of the decomissioningsz==
stage N '
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Industrial 4.0 Technologies as a Basis for Solving Current
Issues of Decommissioning Projects
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Industrial 4.0

NESLANT

Robots

Miniaturization of hardware Neutral

components

Enhancing flexibility and 3&‘@

networks
& \%D
efficiency of

manufacturing processes .
through change-over to ' Industrial 4.0 .
unmanned manufacturing
based on cyber-physical . .
. Virtual and augmented realit .
systems and digital 8 Y Big data

prototypes of real-world
objects

Digital models
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N SIN=T\'agl Four Industrial Revolutions

Industrial 1.0

Power loom, water and
steam power

“b
f|||:|
rabin}, rsterd i) ! 1
Industrial 4.0
Industrial 3.0
Industrial 2.0 Cyber-physical systems

linking real objects with
data reprocessing virtual
objects and processes via
informational networks
(Internet)

First programmable
microcontroller.
Usage of electronics
and IT for automation

First manufacturing line.
Mass-production with
the use of electric power
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. Engineering and Radiation Model of a nuclear facility:
Ml Goals and Abilities

» Systematization of all engineering information about the
nuclear facility

» Getting up-to-date as-built documentation

» Optimization and verification of developed design and
technological solutions

» Obtaining reliable estimates of the RAW amount
generated

» Preparation of documents for submission to the
expertise

»Informational space for managing contractors

» Training of contractors' personnel
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Beloyarsk NPP
Video Presentation

NESLANT

NESLANT
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Simulation model of Graphite Stack Dismantling at
Beloyarskaya NPP

NESLANT
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Видеоролик БАЭС от 15.03.11.avi

l Simulation model of Graphite Stack Dismantling at
A ISR Beloyarskaya NPP

® Training skills of operation with BROKK portable robotic complex.

» Testing feasibility of proposed alternative solution for dismantling the AMB-100
Reactor.

» Reducing expenditures and increasing safety of the solution chosen for
decommissioning NPP.

11
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| Simulation model of Graphite Stack Dismantling at
NESLANT Beloyarskaya NPP

Axtusauma kameper: freeFlyingCamera nosuuna 0/1
3anyck He wa Ul

State: ControlPanelOffState

State: ControlPanelOnState

State: ArmSingleState

State: ChassisState
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Simulation model of Graphite Stack Dismantling at
Beloyarskaya NPP

NESLANT

Peaaxtop Bnoxos

B Emslms

N
N

N
-

/
/
/
/|
/

;4:
/

—_
)]

|
o

-
A

-
N W

-
—

\
\
>

[~ MNws o~ ®o

Peaaxrap Gaokos | Omxoas!

|ABCDEFGHIJKLMNOIPQRSTUV

[Mpn KOoNUpoBaHMK MaTeEPMANOB Npe3eHTaumun obasartenbHO AO6aBHEHMe CCbI/IKM Ha UCTOYHUK



N SISINE[igll Kozloduy NPP Decommissioning Project

e Customer: State Enterprise Radioactive Waste (SE RAW), Republic of Bulgaria

* Goal: Project 44: Development of an equipment dismantling project in the controlled
access areas of Kozloduy nuclear power plant, units 1-4

 Decommissioning: Russian-German consortium comprising of GC NEOLANT, NUKEM
Technologies GmbH, EWN GmbH

Kozloduy is the first nuclear power plant decommissioning in Europe to use information
technology to support the back-end stage of nuclear power plant units, thereby increasing
the economic and technical significance of the project.
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N[SEZ[ il Project Stages

» Contractor — GC NEOLANT S
— » Period of implementation - 18/7/2016 - 18/3/2017
The stage is completed v/

Stage 1. A radiation survey of Building 1 and the reactor
compartment of Unit 1

[
Y Y

Contractor — GC NEOLANT O
— » Period of implementation - 18/7/2016 - 18/7/2017
The stage is completed v/

Stage 2. The development of 3D engineering and radiation
models of Units 1 through 4

[
A\

» Contractor — GC NEOLANT -

Stage 3. Development of design documentation for ] ] ]
— » Period of implementation - 18/3/2017 - 18/7/2018

dismantlement of systems and equipment of Buildings 1 and 2

[
Y

1
Stage 4. Development of design documentation for Contractor — GC NEOLANT =
dismantlement of systems and equipment of the second circuit — » Period of implementation - 18/3/2017 - 18/1/2019 ¢
of Unit 1 _

@

Contractor — NUKEM Technologies GmbH - EWN GmbH

dismantlement of first circuit of Unit 1
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N[SEZ[ il Project Stages

Stage 1. A radiation survey that included the following tasks in Building 1 and the reactor
compartment of Unit 1:
e Taking radiation surveys of all 150 rooms
* Making spectrometric examinations of all areas to update the existing nuclide vectors
* Swiping samples from the surfaces of equipment in the premises
* Undertaking gamma scanning of all areas

Stage 2. The development of 3D engineering and radiation models:
* Laser scanning of 600 premises in Buildings 1 and 2 and the reactor compartments of
Units 1 through 4
* Digitizing 40,000 project and design documentation pages
* Creating an as-built model of the 500,000 elements that make up the buildings and _
reactor compartments T
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The rationale for the Use of As-built 3D Engineering and
Radiation Model

NESLANT

» Provided reliable estimates of the amount of radioactive waste generated
» Acquired up-to-date as-built documentation

» Systematically arranged and generated all required engineering and technical data at the
decommissioning stage, taking into account the duration and turnover of staff

» Improved and verified the design and process solutions under development
» Prepared demonstration materials submitted for expert review

» Created an integrated information database for future coordination, planning, and
control of the contractor firms during actual decommissioning activities

» Trained personnel from the contractor firms

» Obtained actual data of the design and arrangement of the radioactive waste
reprocessing facilities at units 1-4
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Digital Engineering and Radiation Model of NPP Power Unit:

NSEDLAINY Engineering Component

Digitizing of registers,
schemas and diagrams

Spherical panoramas
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Creating an as-built model of Kozloduy NPP.
Laser scanning of Units 1 through 4

NESLANT
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Creating an as-built model of Kozloduy NPP.
Laser scanning of Units 1 through 4

NESLANT

» Laser scanning point cloud captured for more » As-built 3D Model
than 600 premises

KozloduyNPP @ Objects | v Search  Import ¥V  Manage Vv Administrator ~ Log out ozlod PP @ Obje ea po anage Ad ato 0g 0

> Information Model - Kozloduy NPP > Information Model - Kozloduy NPP
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| Creating an as-built model of Kozloduy NPP.
ML Architectural and construction concepts
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Digital Engineering and Radiation Model of NPP Power Unit:
Radiation Component

NESLANT

3D digital model of an NPP unit

Radiation attributes of the 3D model elements of the
nuclear facility
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Digital Engineering and Radiation Model of NPP Power Unit:
Radiation Component

NESLANT
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Digital Engineering and Radiation Model of NPP Power Unit:

MECL LN Radiation Component

Neosyntez ~ @ Objects | v Search  Import v  Manage Vv Administrator  Log out

Pixel number (y) Pixel number (x)
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Digital Engineering and Radiation Model of NPP Power Unit:
Radiation Component

NESLANT
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NESLANT

Kozloduy NPP ol Reports v Search Import v

Room Number | BK201 v

Reset Submit

Manage Vv

Radwaste Generation Re

Xypaenes

> - H- [ & Page| 1 ofa » M Q - [q -

Base level:
Additional level:
Total space: 1126 square meters

Room volume: 15659 square meters

Click here to go to this room in NEQSYNTEZ

Systems in reom:

System Quantity Weight, kg

20 240
Chemicals System 334 2875
Clean Condensate and Boron Solution System a7 5871
Condensate and heating steam system 63 615
Decontamination System 172 7827
Heating 4 105
Liquid waste and storage facilities system 50 450
Sewage Water System m 1552
Water supply and Sewerage =) 281
WPS-2 203 1824
WPS-5. Steam Generator Blowdown System B7T 3FeT
B-1e 27 1075
MN-1e 21 340
M-2e 43 1e

Summary of weight characteristics of S5C (Structures, Systems and Components) and
radioactive waste generated during dismantling:
Equipment Fiping Steel constructions Ventilation

RAW Category 1, t 30.720 113.482 1.603
Total weight, t 30.720 113.482 1.603
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Creation of Process Flow Charts for
Dismantling

NESLANT

EWN NESLANT & & NUKEM
p— Engineering, IT, Innovation Tochnologies
Deliverable 3: A design documentation package for the dismantling at Auxiliary Building 1
e 090 / 0205108 [oNR 149567 -0 [eme 5 o 25

Objects Search  Import anage Teganeno  Log out
© oby Search  Import v Manage G Log out

1 General requirements

+ /£ % a =~ O r < B oo AB-1.-2.000 v % s & : 3 2
b ® Bookof reference e This package for dismantling is intended for full implementation of the dismantiing activities
b m Documentation 9 in room BK029, in particular, dismantling of pipelines and valves, dismantling of the power
b m Documentation requestiog P Ol Onieoter Ofaieatrer Oclp and lighting system. Dismantling of the stationary ventilation system is not included in this
4 ® Explications package.
3 AB-1_+2.700
£ AB-1+6300 . - Prior to dismantling in the room in accordance with this package for dismantling, working
[ AB1_2,000 media of equipment and pipelines shall be completely removed. Removal of working media
v [ Explication AB-1 p3db is not included in the scope of the Technical Design, and it shall be performed at the
(2] [DilemD preparation stage before dismantling activities in Auxiliary Building 1.
3 RB1.+6.300
B RB1.410.500 : Py -
e 1.1 Brief description of the equipment arranged at the Room
S (QI\P’ Room Number: BK029
(2] (000 - Function or Room Name: SVO-2 filters valve chamber
£ Re1.-7.200
b B Gamma-scanning results a0 Category during operation: Non-serviced Room (ns)

b & Kozloduy NPP

Base level: -2.00
Additional level: -

4w Logistic schemes
B Auilary Building 1-2.000 Sadla
b m Technological schemes

05T Overall dimensions: 4.9x5.0 m
- Total space: 24.5 square meters
Room volume: 95.5 cubic meters

Room BKO029 is located within axes 13-14 at elevation -2.00 of Auxiliary Building 1 (AB1).
Arrangement of the room at elevation - 2.00 is shown in Figlifl@#. The room is accessible
from the corridor BK007 through the doorway with overall dimensions 1,200x600 mm.

E__-IU--
=

J

Figure 1 Arrangement of room BK029 at elevation - 2.00
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Creation of Process Flow Charts for
Dismantling

NESLANT

EWN NESLANT & & NUKEM

Engineering, IT, Innovation

Deliverable 3: A design documentation package for the dismantling at Auxiliary Building 1

e Nail 090 / 0205108 ]nNR 149567 -0 ]Pnge 6 of 25

Figure 3 General view of room BK029 (3D model, view from the entrance)
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NSRS 'sgl Creation of Process Flow Charts for Dismantling
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Delivarable 3: A design documentation package for the dismantling at Auxiliary Building 1

e ! 090 / 0205108

|DNR 149567 -0 |Dage 9 of 25
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Table 2: Indications of the radiation parameters on the floor surface in room

BKD29
No;...c.u Ambient dose equivalent rate at height Density of the beta
int on the 0,1 m from the floor 1 m from the floor particles flux on the
po surface, pSv/h surface, pSv/h surface, cm-2min-
scheme
1.1 9.3%0.8 B8.9+0.8 910+90
1.2 12.3+£1.0 11.6+0.9 1,340£120
Table 3: Indications of the radiation par S near equi in room BK0O29
. Ambient_dose equivalent rate )

No. - Density of the beta
measureme at distance 0,1 m particles flux on the
nhpoint on | gn the surface, pSv/h from the surface, surface, cm-?min-t

heme usv/h

8.0+0.7 7.6+0.7 3,020+210
2 12.4+0.9 12.2x0.8 1,820£160
3 17.9+1.1 17.6+1.1 1,180£130
4 17.7+1.1 16.4+1.0 1,020+110
5 5.0+0.5 2.240.5 48070
5 5.5+0.5 6.2+0.6 1,490£150
7 5.2£0.5 3.7+0.4 190£30
8 6.2+0.6 5.5+0.5 2,100£170
L 9.7+0.8 9.6+0.8 43070
10 B8.9+0.7 8.9+0.7 370£60

1.3 Preliminary conditions
For dismantling operations in room BK029 the following infrastructure shall be prepared:

working area for Radioactive Waste (RAW) sorting and packaging (as a part of
preparatory work of package for dismantiing in room BK020);

sanitary barrier at the boundary of the working area for RAW sorting and packaging
and corridor BKDO7 (as a part of preparatory work of package for dismantling in
room BK0D20);

local air cleaning system in room BKO29.

The additional working area for RAW sorting and packaging is arranged in front of the
entrance to room BKO029 in corridor BKOO7 within axes 7 - 14. Containers for RAW packing
are also stored here. From axis 14, the RAW sorting and packaging area is enclosad with
the temporary solid partition. From axis 7, the area is enclosed with the temporary partition
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NSRS 'sgl Creation of Process Flow Charts for Dismantling

EWN NESLANT & & NUKEM
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Deliverable 3: A design documentation package for the dismantling at Auxiliary Building 1
& 090 / 0205108 |DNR 149567 - 0 l"u;' 14 of 25
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Figure 6 led curved pipeline sections and valves in room BK029

2.4.2 Dismantling of I&C tubes

1&C tubes are dismantled using an angle grinder according to TP504. Dismantled tubes are
handled manually. Dismantied tubes are cut in sections up to 1 m in length. Curved sections
are cut in separate sections with arc length up to 0.5 m. Embedded parts are not
dismantled.

Deliver dismantled I&C tubes to the RAW sorting and packaging area, measure their
radiation characteristics and place in the container on compliance with sorting criteria.

2.4.3 Dismantling of the remote manual control post for the radioactive drain valve

Remote manual control post for the radioactive drain valve consists of three main

components: 1 - manual control column; 2 - rod; 3 - sewage water valve of the radioactive
drain system (Figure | a, b).

Remote manual control post for the radioactive drain valve in room BK029 is dismantled in
compliance with TPS02.

Dismantiing of the manual control column is carried out by cutting bolted joints using
cutting electric tools (reciprocating saw, angle grinder).

Dismantling of the rod is carried out using cutting electric tools (reciprocating saw, angle
grinder) without dismantling of bolted joints.

Dismantiing of the sewage water valve of the radioactive drain system is carried out using a
reciprocating saw by cutting bolted joints. Embedded parts of the valve are not removed.

Deliver dismantled components to the RAW sorting and packaging area, measure their ~ ﬁ
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NSRS 'sgl Creation of Process Flow Charts for Dismantling

EWN NESLANT & & NUKEM
ot Engineering, IT, Innovation Technologies
Deliverable 3: A design documentation package for the dismantling at Auxiliary Building 1
& 090 / 0205108 |DNR 149567 - 0 l"u;' 14 of 25
Creganenxo
> y oy Buta
@
[=0 | 30. Auilary Buiding 1 ]
@
)
B
Q
Figure 6 led curved pipeline sections and valves in room BK029

2.4.2 Dismantling of I&C tubes

1&C tubes are dismantled using an angle grinder according to TP504. Dismantled tubes are
handled manually. Dismantied tubes are cut in sections up to 1 m in length. Curved sections
are cut in separate sections with arc length up to 0.5 m. Embedded parts are not
dismantled.

Deliver dismantled I&C tubes to the RAW sorting and packaging area, measure their
radiation characteristics and place in the container on compliance with sorting criteria.

2.4.3 Dismantling of the remote manual control post for the radioactive drain valve

Remote manual control post for the radioactive drain valve consists of three main

components: 1 - manual control column; 2 - rod; 3 - sewage water valve of the radioactive
drain system (Figure | a, b).

Remote manual control post for the radioactive drain valve in room BK029 is dismantled in
compliance with TPS02.

Dismantiing of the manual control column is carried out by cutting bolted joints using
cutting electric tools (reciprocating saw, angle grinder).

Dismantling of the rod is carried out using cutting electric tools (reciprocating saw, angle
grinder) without dismantling of bolted joints.

Dismantiing of the sewage water valve of the radioactive drain system is carried out using a
reciprocating saw by cutting bolted joints. Embedded parts of the valve are not removed.

Deliver dismantled components to the RAW sorting and packaging area, measure their ~ ﬁ
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| Software and Hardware Complex: Digital
Decommissioning




NESLANT

Software and Hardware Complex: Digital

Decommissioning

Engineering and
Radiation Model
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V== i g Digital Decommissioning SHC: Scope of Functions

Collection and systematization of data on engineering state and
radiation conditions of the nuclear facility

Development and comparison of decommissioning
alternatives, consolidated cost estimate

CONCEPT

DESIGN Simulation modeling of technological processes
Development of process flow charts, calculation of radwaste

amount

PERSONNEL TRAINING Personnel training in virtual reality (VR)

[Mpn KOoNUpoBaHMK MaTeEPMANOB Npe3eHTaumun obasartenbHO AO6aB}16HMe CCbI/IKM Ha UCTOYHUK



Digital Decommissioning SHC: Platform to Prepare a
NS EST )l Nuclear Facility to Decommissioning

Systematization of engineering information concerning the nuclear

facility

Optimization and verification of design and process
solutions under development

i

Obtaining up-to-date as-built documentation

>
>

Q
<

Release of documents for submission to Expert Review

Obtaining reliable estimates of radwaste amount to be generated

Decommissioning project management informational
environment

Personnel training

[Mpn KOoNUpoBaHMK MaTeEPMANOB Npe3eHTaumun obasartenbHO LI,O6aB}16HMe CCbI/IKM Ha UCTOYHUK



NESLANT

Digital Decommissioning SHC: Solution
of Inverse Problem

Calculate specific activity of ionizing radiation sources

L Considering data of radiation conditions and source geometry
BaaL )
. . . Considering data of radiation conditions and
Calculate EDR for determined points in a room space ionizing radiation source geometry
& =
. . ... . Dynamic display of the radiation environment in the room space
- Visualize the source radiation field ©
_u_/’
Calculate amount and type @ Based on CERS data and mass and dimensions of 3D model elements
of radwaste 4
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Digital Decommissioning Software and
Hardware Complex: CERS Module

NESLANT

allows:

Igl lgl Indicate the ionizing radiation sources on a 3D model
Plan the SERS tasks Position the radiation parameter measuring points on a 3D model
—r= Develop the CERS Program

. . /\/ Register the fact of the task beginning and completion
Control the taSk |mp|ementat|°n progress Represent the task implementation dynamics using built-in tools

e e . . Mobile client
‘ Record survey data by its implementation site % standalone, in a protected IP 67 case

2
. . . e 2. 0 A protected, web-based CERS result data
Systematically store the engineering and radiation survey data @ B e
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l Digital Decommissioning Software and

AN LEL LI Hardware Complex:

Ambient Dose Equivalent Rate measurement points
L X )

3apanve PO ToukM NOMELLLEHWA Touka #4 OTtmeHa +" CoxpaHuTh

CBOMCTBa TOUYKM

Homep Toukn YpoeeHb OtaeTcrBeHHbIR

#4 -2.000 KoucrantmHononbckuid K. K.

Nomewexne BbinoaHeHo (BBEAEHDLI faHHbIE, haKkT)
BK201 21.04.18, 13:43

lr‘13MepEHI.»‘Iﬂ —|— fobasuTe MaMmepeHue

MAL Ha NOBEPXHOCTK
MAJ Ha NoBepXHOCTH, MK3BT/Y ' P '
(norpewHocTs), MK38T/4

MAJ Ha paccTosHnm 0,1 M. OT NOBEPXHOCTH, MAA Ha pacctoaHmm 0,1 m. oT
MK3BT/u . NOBEPXHOCTH (NOrPeLHOoCTE), MK3BT/Y

MaoTHoCTe NOToKa Bera-4acTuu,

MnoTHocTe NoToka Beta-yacTuy, cM-2MuH-1
(norpewHocTs), cM-2muH-1

. — —
& z

CeoiicTea 3D-mogens DaTto ToukrK
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A Digital Decommissioning Software and Hardware
ASS LI Complex:

Ambient Dose Equivalent Rate measurement points
L X

{®) InterBridge - \\storage\corpftp\Seraw_Projectd4_external\lln Masna\Kozloduy NP 15-07-2017 pecryxrypuposanian 2.p3db

=[] s =1

@ & Vndopmauus
200m 5,66
MNapametpui BuAa

[[Jowmemaa (V] ocsewenne
V] usHakka | conneuroe
[ xapkac [¥] 6nuku
| .uepHosoii V] cmecs
V] rexcrypet
V] rexar [7] cad info
| nepenoc
] o630p

(€D}

@aiin [00] Kozloduy NPP 15.07-2017 pecykTypur
Cnoit [32] Auxiliary Building 1 1
Cnoit [22] BKOL7/1

Cnoii [284] Sewage Water System

« Vessel Equipment
Category Equipment
Room number  BKO17/1
uD KOZLODUY:207275
Building Auxiliary Building 1
Level -2.000
System Sewage Water System
Working Fluids ~ Water

{ Code 1SWTL
Class Vessel Equipment
Equipment Description Sewage Water Tank
EquipmentType V=170 m3

SsT

Material s
Weight, kg 15910
\ - Volume, m3 170
\ ’ N Length 10650
\ . f Width 5400

Height, mm 5500

Surface area, m2 334

Cnoii_3gamme  Auxiliary Building 1
Auxiliary Building 1 - Technc

Cnoii_Cucrema  Sewage Water System

« Structure

I0bject.UID 4dde6b9d-f016-4629-8369-5
IObject.Name Sewage Water System
il

430649 K | 17358 K BuibpaHo 3nemenTos: 1
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x Digital Decommissioning Software and
ML Hardware Complex: Tasks by executives

BeigaHHble 3agaHua no KMPO E]ﬁ] Boibpate ana yaaneHus -|— AobaenTk 3agauy

Wndp HavmeHoeaHue WcnonnuTtens Maax Pakr

MpoeegeHwe pag. obcnegoeaHua

& nomeweHun BK201 KoHcrantuHononeckuii K. K. 22.04.18

PO-BK201

MNO-BK201-1 T S S A KoHcranTuHononsckuid K. K. 22.04.18 7 22.04.18
B nomeweHu BK201

MNpoeegeHne wHx. obnegoeaHua

no-Bk201-2 nomelerHun BK201

MNerpoe W. C. 22.04.18

MNpoeegenwe pag. obnegoeaHma

PO-BK203 B nomellexuy BK203

Tpetbakoe P. A. 220418  22.04.18

HO-BK205 MpoeegeHwe MHx. 0BnegoBaHNA
B nomeLexum BK205

Wectakosuy W. H. 22.04.18

Cnucox CratucTika
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Concept module

NESLANT

npegocTtaB/ideT BOSMOXHOCTb:

. L. . * Built-in Handbook of Technological Processes
Plan stages and order of work execution for decommissioning options « visualization of work progress on 3D-models

* based on “Industry guidelines”

Perform Aggregate Cost Evaluation for decommissioning options « assessment of financial obligations for decommissioning

* by various criteria
* visualization of comparison results in the form of reports

Compare Technical and Economic Indicators of decommissioning options .

* centralized, web-based storage

Store data for the Stage in structured and systematized form « various forms of data structure presentation

. . e . e automated report preparation
Form the Safety Analysis Report on decommissioning . por® prep

* editable templates

[Mpn KOoNUpoBaHMK MaTeEPMANOB Npe3eHTaumun obasartenbHO AO6aB}16HMe CCbI/IKM Ha UCTOYHUK



. Digital Decommissioning Software and Hardware
NEE AL Complex: Decommissioning Design module

npegocrtaB/iAe€T BOSMOXHOCTD.

Detail the decommissioning design down to the level of elementary technological operations

ﬁ * Assess the need for HR-resources, tools, consumables and containers for RAW
‘ * Optimize the duration of work taking into account the radiation situation

Detail the Design Documentation to the level of Method Statements

* Automated compilation of Method Statements
* Centralized storage of Method Statements and their versions

Plan the management of radioactive waste
------ * Estimate the volumes of RAW

'/ * Form the technological chains for RAW management
* Calculate the cost taking into account the costs of RAW processing

Visualize the decommissioning work flow on a 3D model of the nuclear facility

» Verification of scenarios for possible collisions
* Planning for the placement of containers and RAW sorting areas

Export the original data for the compilation of local cost estimates

* ARPS1.10
* XML, CSV

[Mpn KOoNUpoBaHMK MaTeEPMANOB Npe3eHTaumun obasartenbHO AO6aB}16HMe CCbI/IKM Ha UCTOYHUK




as 1 G Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

PAO  MeponpuaTtua [leMOHTaxHble paboTel OTYETH TexHonoruyeckoe obecneveHue v

06y4eHue 3D | A | HeocuHTe3s @ 06bekTbl[v [Mouck UmnopT v Monb3oBaTenb BuliiTH
> OTobpaxeHue > > S aitar
¥| TOYKM paguauoHHbIX U3MepeHun D @ T ]
DaHTOMbI a Tunosoi 3Hepro6aok A3C BB3P-440 ﬂ
Busyaausauyus H @i noxazaroace O Cxpuims ocranese O OtrenuTs ocranskbe O NoctpouTs ceuenns

PaguauuonHan obcTaHoBKa

PajMalMotHble U3MepeHus

3annaxupoBaHHble paboTbl no 3n1emeHTam OUAD

— >

—
—

PacyértHble Kateropuu PAO

lpovee...

——

»

1"\ \

P

<"
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

NESLANT

PAO  MeponpuaTua

> OTobpaxeHue

JleMOHTaxHble paboTbl

| TOYKM PaAUALMOHHDBIX U3MEPEHNIA

DaHTOMbI

v| Busyanusauuna

PajguauuonHbie uamepenus

OT4Y4éTHl  TexHonoruyeckoe obecneyeHue v

06y4eHune
Busyanusauua

MomeleHne BKOO2
& TouKa paguaLMoHHOTO 3amepa X
MNapameTpbi:

MA/l ramma-usnyyexus

MK3B/4
50,0
10,0 < MaKc.
< cp.
0 < MUH.
HEeusB.
Ceopka:

B nometyesumu:
Makc.: 12,50 + 1,10 MK3B/4
cpep.: 4,80 + 0,31 MK3B[M
MUH.: 0,52 + 0,08 MK3B/Y

KoauyecTBo Tovek: 26

3D | A | HeocuHTes @ 06bekTbl |v Mouck WUmnopT v Monb3oBaTenb  BbliiTy

xa A3C BBIP440 - Cneuxopnyc 1-5 ouepean - TONONOTMHECKas HepapXus

X

BuibepuTe Moaens

> RS
my ©
B

Tunogsoii 3Hepro6nok A3C BB3P-440 ﬂ

@i nokazseesce O Cxpums octaneise O OtreHnTs ocTansHsie

—
e —

pm—

i
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N1 [Ny gl Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

PAO  MeponpuaTtua [leMOHTaxHble paboTel OT4YETb  TexHonoruyeckoe obecneyeHue v  06yyeHue 3D| A | HeocuHTes @ 06bekThl|v TMouck UMnopT v Monb3oBaTenb BoATH
> OTobpaxeHue > >
TOYKM paAnaLMOHHbIX U3MEPEeHHUiA g © BuIGepHTe MOARHS
v ®aHTOMbDI = | TunoBo# 3Hepro6nok ASC BBIP-440 1]

Busyanusauus
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

NESLANT

PAO  MeponpuaTtua [leMOHTaxHble paboTel OT4YETb  TexHonoruyeckoe obecneyeHue v  06yyeHue 3D| A | HeocuHTes @ 06bekThl|v TMouck UMnopT v Monb3oBaTenb BoATH

> OTobpaxeHue
TOYKM paAMaLMOHHBIX U3MEPEeHUiA

daHTOMDI

Busyanusauua

lMomeleHne BKOO2

©TexHonOMMA X B O06opyjoBaHMe X

=Tpy6a X ...

v| Busyanusayusa PacyetHbie kateropuu PAO B MapameTpsi:

Karteropua PAO

BblCOKOAKTUBHbIE
oTxoapl

CpeaHeaKTuBHble
oTXoAbl

Hu3KoaKTUBHbIE
OTX0Abl

OyYeHb HU3KOAKTUBHbIE
oTX0Abl

OTX0Abl, NoAg/NeXalLue
BbICBOGOXAEHUIO

Ceoaka:

B nomewyexuu:

BAO: -

CAO: 8,72 m*(PAO)
HAO: 1,72 »* (PAO)
OHAO: 9,64 m* (PAO)
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

NESLANT

PAO MeponpuaTua [leMOHTaxHble paboTel OT4YETH  TexHonoruyeckoe obecneyexune v  0byyeHue 3D |A | HeocuHTe3s @ 06bekTbl|v [Mouck UmnopT v Monb3oBatens BbATH

> KOHTEeHT > > 3 A3C B
OUA>S l © BuibepuTe Mogens
3paHue BcnomoratenbHoe 3aanue 1 B lanka aaa BbIrpPy3Ku C: \NMonb3osatens\Pabouuii cton = TUNOBOV 3Hepro6nok ASC BB3P-440 v
o [lomeuleHve BKOO2 B lNognanka: (@ AsTO
He 3apaH
A

OTYEeTbI N0 NOMELLEHUIO A ] |
=

O6opypaoBaHue, TPy6ONpOBOAbI U 3/1EMEHTbI TOMELLEHUHA PAO ‘ l

06bembl PAO “l

=

W

|

TexHo/orM4yeckan Kapra
Buapl PAO, o6bemMbl, NOTPeGHOCTb B KOHTEHHepax
TexHo/soruyeckan Kaprta

O6bembl PAO no Kateropuam
MeponpuaTuA

Mo o6pauenuio ¢ PAO 0O6bembl PAO no mopdonorum

o paguauoHHOMY MOHUTOPUHIY
PaboTbl N0 AEMOHTaXY
o go3umeTpumn
A P Mo 3apave

Mo co3aanuio 6apbepos Ge3onacHoCTH MoAHbIA NepeyeHb

PUHAHCOBbIE OTHYETHI
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NESLANT

[leMOHTaxHble paboTsl

@HES
> KOHTeHT NABHAR
OUA> E .
3panue BcnomorarenbHoe 34aH Beraeurs
o [lomewerve BKOO2 Bybep omena
He 3apaH
OTy4eTbl No NOMELLEHUIO ~

O6opypoBaHue, Tpy6onpoBoabl b *

TexHo/soru4eckan Kapra

TexHo/soruyeckan KapTa

MeponpuATUA

Mo o6pauyenuio c PAO

o paguayMoHHOMY MOHUTOPUHTY

o po3umeTpun %

Mo co3ganuio 6apbepos 6e3onacH =

PUHAHCOBbIE OTHYETbI a

CTPAHULIAL M3 2

BCTABKA

¥ Gopmar no obpasty

Verdana

XK K M - abe x, x°

YNCNO CNIOB: 363 (IR

AV3ANH

eHue v

PACCHUIKU

&= =

06y4eHune

PELEH3VPOBAHUE Bna HAACTPOVIKN

Aab6Berr, Aab6Berr, Aab6Bi

Oryér 1.docx - Word

ProjectWise  Foxit PDF

6beKkTbl [ v lMouck

AQDb! ass6ser acs6ser: aas68er:

CunsHoe..

T O6biunbii. T bes unte... 3aroncso.. 3aronoso.. Hassanwe [logsaron.. Cnaboes.. Beigenenwe
Crunn
1 2 3 4 H 6 7 ] 9 10 3 14 15 16
Jit py 6opy B BK002
HanmenoBanne Macca, Kr. | O6vem, m* | Kﬂ':;%‘”‘"
0Obopypnosanne
Pesepsyap 6opa 16P5 2,110.0 2.150 Cca0
Pesepayap Gopa 26P6 2,110.0 2.150 CAO
Hacoc yucToro KoHgexcaTa 1N4YK 110.0 0.045 CAO
Hacoc yucToro KoHgeHcaTta 2M4K 110.0 0.045 CA0
Hacoc uncToro Korgekcata 3M4K 480.0 0.213 CAO
Hacoc uncToro KoHaewxcata 4N4K 210.0 0.113 CAO
Hacoc uucroro pacreopa 6opa 1N4YPE 420.0 0.207 CAO
Hacoc uucroro pactsopa 6opa 2M4PE 420.0 0.207 CAO
dnekTpogsuratens (1MYEP) 980.0 0.119 HAO
3nekTpogsuratens (2N4YPB) 980.0 0.119 HAO
nektpogsurarens (1N4K) 240.0 0.106 HAO
SnekTpoasuratens (2MNYK) 240.0 0.106 HAO
SnekTpogeuraTens (3NUK) 1,130.0 0.498 HAO
3aABUXKM C 3NEKTPONPUBOAOM 773.5 0.098 HAO
Tpy6oi
Tpy6a cranshas D 8; 12x2 65.2 0.015 CAO
Tpy6a craneHas D 10; 12x2 2.3 0.001 CAO
Tpyba cransHas D 15; 18x1.5 6.0 0.002 CAO
Tpyba cransHas D 20; 25x2.5 97.4 0.031 CAO
Tpy6a cransHas D 25; 30x2.5 3.3 0.001 CAO
Tpy6a craneHas D 32; 38x3 487.2 0.202 cao
Tpyba cransHas D 50; 57x3.5 473.5 0.261 cao
Tpy6a cransHas D 70; 76x3 197.7 0.126 CAO
Tpy6a craneHas D 80; 89x4.5 296.4 0.196 cao
Tpy6a craneHas D 100; 108x4 2,231.7 1.285 CAO
Tpy6a craneHas D 150; 159x4.5 755.3 0.652 CAO
Tpyba cransHas D 200; 219x9.5 377.6 0.232 CAO
OT80a cTansHon D 32; 38x3 0.1 0.003 CAO
07804 CTansHO! D 50; 57x3.5 10.4 0.017 CAO
OTBOA CTansHoOM D 70; 76x3 34 0.006 CAO
01804 CTansHoW D 80; 89x4.5 12.8 0.014 CAO
OT80A CTansHoW D 100; 108x4 167.7 0.168 CAO
01804 CTansHoM D 150; 159x4.5 77.4 0.089 CAO

Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

b30oBaTenb BbiATH

&% Haimn ~

3ac 3amenuts

1} Bewaenurs - ﬂ

PeaakTuposarue ~
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

NESLANT

PAO  MeponpuaTtua [leMOHTaxHble paboTel OTYETH TexHonoruyeckoe obecneyexune v  0byyeHue 3D |A | HeocuHTe3s © 06bekTbl|v [ouck UmnopT v Monb3oBatens BbATH
O6bemsl PAO O6paueHune ¢ PAO > X
v V(m3) v. m(1) KoHTeiiHepbl B KoHTeiitepbi: +
Tun Ha3sHaueH |[ToKka3s /ledcTs.
Karteropua
Mopgonorua Oy4yeHb HU3KOaKTUBHbIE HuskoaKTuBHbIE CpegHeaKTuBHble BblCOKOAKTUBHbIE
oTXoAbl otxogbl (HAO) otxoapl (CAO) otxoabl (BAO)
MeTann 0,27 M*/0,485 T 1,72 M*/4,445 T 8,72 M*/12,918 T =
Ka6enb 0,59 m*/3,222 T - = =
Hemetann = 0,05 M*/0,057 T - -
Cnoco6bl copTupoBku/nepepaboTku: 3D+
UTtoro 0,86 m*/3,707 T 1,77 M*/4,502 T 8,72 M*/12,918 T - Cnoco6 Haswauen MNokas/encie. | AL | |
Ceblaku:
KoHTelHepsl Cnocob copTupoBsku
MeponpuaTtua OTyeThl
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NESLANT

Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

PAO  MeponpuaTtua [leMOHTaxHble paboTel OTYETH TexHonoruyeckoe obecneyexune v  0byyeHue 3D |A | HeocuHTe3s © 06bekTbl|v [ouck UmnopT v Monb3oBatens BbATH
O6bemsl PAO O6paueHune ¢ PAO > X
v V(m3) v. m(1) KoHTeiitepbl [ZI KoHTelHepbi: +
KOHTeﬁHepbl ayeH [[Mokas|/leicTs.
Mopd¢onory i
KowTeliHepsi v B XapaKTepUCTUKU:
MeTann PAO BHewHue rabaputhbl Pacyérnl lpoyee
Ka6eb (I EURO PALLET 1 O6vem PAO: 0,65m
1 3 3HaA Harpyska: 1000 kr
Hemetann r bl PAO: 1200 X 890 X 920 MM
1 n/nepepabotku: 3D+
Utoro HasHayeHue: HaueH [Mokas|/leicTs.
MpegHasHayeH AnA NepBUYHON yNnakoBku PAO BCex KaTeropun t |
CCblKuU: =
KoHTeiiHepbl

MeponpuaTtus

¥ | /ANA nepBUYHON YNaKOBKK

Onucaxue:

NoaxoauT nog sce Tunsl PAO

[lOKYMEHTbI:

) -
im Onucanue EURO PALLET.pdf

3D mogenm

C KPbILIKOH

OTKPbIT

KpbllKa

OK
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NESLANT
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module

A | HeocuHTe3s © 06bekTbl|v [Mouck UmnopT v

Monb3oBaTtenb BbliTu
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Digital Decommissioning Software and Hardware
Complex: Decommissioning Design module
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Digital Decommissioning Software and Hardware
Complex: Design Results
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Digital Decommissioning Software and
Hardware Complex: Personnel training
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Digital Decommissioning Software and Hardware
NSNS agll Complex: Knowledge Management module

Standardized database of
decontamination
technologies

Standardized database of
dismantling technologies

Database of RAW processing w Database gﬁ\ggcontalner

chains

o s] === e s s
Cost Estimates system
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Digital Decommissioning Software and Hardware
Complex: Personnel training module

NESLANT

npenocTaBnA€T BO3MOXHOCTb:

* Facility composition by elements,
* Sources of ionizing radiation

Familiarize personnel with facility structure in a virtual reality (VR)
* Operational documentation

. . £ . 4. . . . * Visual workflow of equipment dismantling
Visualize a workflow script in a virtual reality environment - Mapping of dose rates in facility rooms

E%I * Planning of learning scenarios for future tasks
» Storage of data of fire and radiation safety briefings

. Devel t of t test
Perform knowledge assessment @ evelopment oF assessment tests
* Analysis of testing results
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Digital Decommissioning Software and Hardware
Complex: Personnel training module

NESLANT
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NSRS\l Comprehensive Engineering and Radiation Survey (CERS)

Miniaturization of E

Robots hardware components  Neutral networks Big data” Digital models

i‘m,
Any copying information hereof only with reference to the source.
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NISINE[\igl Comprehensive Engineering and Radiation Survey

SLAM - Simultaneous Localization and Mapping

Manual fiight giving velocity commands
for map building

. . . . )"‘hr., ¢
Any copying information hereof only with reference to the source. ™i*
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NSSIEE[\pgll Comprehensive Engineering and Radiation Survey

MEMS MEMS
MEMS Temperature Radiation
Accelerometer sensor sensor
Gyroscope
Sonars
MEMS Sonic
_ detector
v’/
VIEMS Full HD Camera

Laser scanner
Wireless charger

1"‘1»! p
Any copying information hereof only with reference to the source. ™
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NISINE[\igl Comprehensive Engineering and Radiation Survey

Drone-quadcopter MINI MEMS accelerometr Formatlnonn rrmcro Formation micro
(Full HD camera) 5,2 x2,5x 0,8 mm scanners scanners
40 x 85 x 90 mm (or MEMS mirrors) (or MEMS mirrors)
200 g Diameter 1-2 mm Diameter 1-2 mm

FullHD video quality. 5SMP photo.
Objective lens 7x7 mm
A set assembled (memory card, power
supply, bus lines, etc.) —40 g

of Akustica Company of one cent coin
(chip area— 1 mm)

MEMS sensor BMEG680

(air pressure, humidity, temperature and

composition)
Size 3 x 3 mm

The smallest MEMS microphone Pressure sensors on the ground

Any copying information hereof only with reference to the source. i
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NSISINE[sgll Comprehensive Engineering and Radiation Survey

Detector features:

Type of detector: LaBr3(Ce), Xe (xenon)
Dimensions: 265x130x130 mm
Mass: up to 2 kg

—
.

=IvEGAmtiIaAv

— o IE"
v ArmtraAv 4 k iy
- v

—~~
=

Energy response characteristics:

In the range of 15 to 60 keV £ 35 %
In the rage of 60 keV to 3 MeV + 20 %

Any copying information hereof only with reference to the source.
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NSSIEE[\pgll Comprehensive Engineering and Radiation Survey

0 Unmanned control
U Machine vision
U Various sensors:

v' Laser scaner (range finder)

v Dosimeter
v' Spherical photographic
v Sonar

v' and others

ik‘n
Any copying information hereof only with reference to the source.
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NSISINE[sgll Comprehensive Engineering and Radiation Survey

Mobile chains of markers of
coordinates differential
correction

. . . . ‘ % 4
Any copying information hereof only with reference to the source. %
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NI H[\spl Comprehensive Engineering and Radiation Survey

OBJECT AVOIDANCE DATA ACQUISITION SELF-RECHARGING

h ~n.>.’.‘:‘ "
Any copying information hereof only with reference to the source.
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ISR\l Comprehensive Engineering and Radiation Survey

Any copying information hereof only with reference to the source.
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Comprehensive Engineering and Radiation Survey

NESLANT

£

ST L I '_‘"
‘.-..._‘.‘.

i
f

Characteristics of
room environment

Geometry of the
and its elements

room and its
elements

Any copying information hereof only with reference to the source.
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NSISINC[\agll Processing of CERS Results

Any copying information hereof only with reference to the source.
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NISINE [Vl Processing of CERS Results

Any copying information hereof only with reference to the source.
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NISINE [Vl Processing of CERS Results

Surface temperature — 315 K (99%)
Pipeline (96%), Dn <1200 (99%), Wall thickness 12 (50%), Color: hex #ffff00 —
yellow (70%), medium— natural gas (64%),
roughness — Ral2.5 (98%), insulation — not available (97%), length — 3286 mm

Surface temperature — 294 K (99%), length — 8280 mm,
Pipeline (94%), Dn <1200 (99%), Wall thickness 12 (50%),
Color: hex #ffff19— yellow (43%), medium— natural gas (30%),
roughness — Ra 12.5 (87%), insulation — not available (92%)

S o -
_ ORI s
Capacity (42%), el S

Surface temperature —

325 K (99%),
length: 13.70 m,
diameter: 3.24 m

Volume: <100 m3 (86%) <

Equipment (10%)\ 3PA N

(35%) <

Color: hex #e5e500—
yellow (50%),

medium— natural gas

(40%), length: 3.01 m,
width: 1.5 m,
height: 2.1 m

Any copying information hereof only with reference to the source.
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NS ES [N\l Processing of CERS Results

Process Flowchart Recognized from

Process Flowchart from the DED Archive
Parameter Cloud

3 L) ! ,._J T 1R,

| S e 5 ! ! 1—* | [Ngesm:
N STXI0E04 1 Toss

Ve 3rx10z60 alrx1nze TX 10240 Vel 3TX30260

@ 1625 2 18K
N \ xiodhs v
L. . A
/) aTX10F4a v \ /) BTX30F43

3TX10B0O1

3TX10S01

k‘h‘
Any copying information hereof only with reference to the source.
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Engineering and Radiation Model of Nuclear-
NS E['pg and Radiation-Hazardous Facilities generated
from CERS

V/ 4

74—
N | ]

)‘“m
Any copying information hereof only with reference to the source.
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Engineering and Radiation Model of Nuclear- and
N SISINE[igll Radiation-Hazardous Facilities generated from
CERS and its Application

Radwaste and _
other waste Work execution
amount schedules

Need in
containers Bill of works
Process
flowcharts for )
) ] Need in
dismantling _
materials and
Simulation resources
models of
radiation i
q Cost estimates
angerous
operations
Personnel
Personnel dose training and
rate knowledge check

Any copying information hereof only with reference to the source. >
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