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The efficiency of the use of personnel protection shielding against intensive sources
of ionizing radiation in the areas of work at the Shelter object is analyzed. Data on the
practical application of protective shields when performing works to stabilize unsta-
ble structures of the Shelter object are presented. The models for the use of special
protective cabins for the dismantlement of the Shelter object structures are justified;

these models are planned to be implemented after the commissioning of the New Safe
Confinement. It is shown, that use of shielding as one of the most effective methods for
reducing the collective dose of radiation is crucial.

Introduction

A lot of work on the transformation of the Shelter
object into an ecologically safe system was carried out
in severe radiation-hazardous environments and required
the implementation of a number of protective measures.
Since the beginning of the 2000s, a large amount of con-
struction and installation works have been implemented
at the Shelter object. Most of the work was carried out
in places with the presence of intense sources of ioniz-
ing radiation. Shielding measures were used to protect
the personnel who performed work under such condi-
tions. Such protective measures were implemented during
the implementation of the project on stabilizing of beams
B1 and B2, stabilizing of the structures of the Shelter
object, creating of a protective contour of a New Safe
Confinement (NSC), etc. The most widely used shields
and protective cabins were used to carry out works
to strengthen the Western support of the “Mammoth”
beam, as well as the cementation of the soils of the local
area of the Shelter object by a cement-aqueous mixture [1].
Specific requirements for shields for each working area
were proposed in the working project — geometric sizes,
thickness and mass.

The Institute for Safety Problems of the Nuclear
Power Plants (ISP NPP) of the National Academy
of Sciences of Ukraine participated in the development
of the projects, as well as carried out author’s supervision
of its implementation. As a result, the project data was
accumulated, based on which the justification for the need
for protection was made, as well as the actual results of the
received radiation doses of personnel and data on the
practical effectiveness of the protection.

Taking into account the experience gained, ISP NPP
was involved in the design works on the dismantling of the
Shelter object designs. According to [2] dismantling of its
structures will start shortly after the commissioning of the
NSC, therefore [3] work should be completed by the end
of 2023.

Research methodology

The main source of data for mathematical modeling
of geometry, sizes and characteristics of shielding means
are the angular distribution of gamma radiation intensity
in space (4m) using the device ShD-1 and data experimental
shielding at a specific workplace by means of protection
simulation device the “Ekran”. To evaluate the effectiveness
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of the protective shields methodology and data presented
in [4, 5] were used. Initial data for calculations (dose rate,
characteristics of the energy spectrum, the presence and
properties of intense sources of ionizing radiation) were
obtained as a result of comprehensive survey of workplaces
at the Shelter object [6].

Results and discussion

The presence of intensive sources of ionizing radiation
in the areas of work at the Shelter object required the
development of special shielding solutions in the stabilization
of beams B1 and B2, which were implemented in 1999. The
purpose was to prevent the collapse of beams, which could
lead to a drop of pipe rolling on the overlap of the central
hall, scheme E, etc. The risk of such an incident was the
possibility of the release of a significant amount of high-
level radioactive dust outside the Shelter object.

Fig. 1. Design and practical use of the shielded cabin

However, the work on the support nodes of the beams
were significantly complicated by the high levels of gamma
radiation from the major conglomeration of radioactive
materials in the reactor unit. In this regard, one of the

shielding solutions was the creation of a protective cabin.
Fig. 1 shows a graphic design of the cab and a picture of the
cabin during the work. The use of such device allowed
to reduce significantly the number of personnel per
100 people involved in the project and reduce the collective
dose of radiation by 1.1 Sv [2].

During the works on stabilization of the unstable
structures at the Shelter object, the main protective
measures were applied in the following areas of work: the
western bearing of the “Mammoth” beam, the northern
counterfort wall, the foundations of beams B1 and B2,
the console part of the reinforcement steel structures, the
position of openings in the western counterfort wall, staff
access route on the southern shields.

Particular attention was paid to the use of protective
structures, such as protective box, shielded cabins, shielded
carriage. For example, during the cementation of the base
for metal reinforcement structures of the western wall
of the Shelter object, cabins and special shields for radiation
protection of drill master’s workstations and workers
involved in well drilling and cementation of the base were
developed and implemented. The protective cabin consisted
of a frame of metal profiles, which formed a bulk structure
of 1040 x 1040 x 2520 mm. The roof and tray of the cab were
covered with steel sheets, and two wall sides were lined with
lead sheets 10 mm thick. According to the design calculations,
a collective dose without shielding in the implementation
of such measures as the strengthening of the western
support of the beams “Mammoth”, work on the area of the
northern fronts, work in the area of the site of the clamping
on the wall of beams B1 and B2, as well as the cost of access
routes amounted to 19.2 people x Sv. When using protective
shielding, the collective dose was 14.8 people x Sv. Thus, the
collective dose was reduced to 4.4 people x Sv.

During the project of the Shelter object structures
stabilization, based on the “dose-cost-benefit” analysis,
it was decided to create a protective wall in the area of the
site of the enlarged assembly. The site was located in the
local area of the Shelter object and it needs protection
from the eastern side against intense sources of ionizing
radiation. The protective wall (Fig. 2) was arranged with
blocks of 36.6 m length, 9.6 m high and 400 mm thick.

According to the calculations, the reduction of value
gamma radiation after the construction of the protective
wall is 2.5 times. After the construction, the actual
effectiveness of the protective wall was measured and
it was found that, depending on the place of measurement,
the coefficient of reduction of value gamma radiation
is 1.8-3.2 times. Comparison of the design values with
the actual levels of attenuation allows to conclude that the
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design decisions are correct, it allowed to reduce the dose
rates at workplaces on the site more than 2 times.
Important actions for the protection of personnel were
performed during the work on the transfer of loading from
beams B1 and B2 into metal reinforcement structures.
Radiological conditions in the areas of work required the
use of shields, since the dose rate was in the range of 0.1
to 0.4 Sv/h. Reducing the dose rate after the shielding
of workplaces has confirmed the justification of its use
when performing stabilization project at the Shelter object.

Fig. 2. Protective wall at the Shelter object site

The ISP NPP also participated in works on the
creation of the NSC enclosing perimeter. The Institute
carried out works connected with the removal of shields
and metal roofing panels, the removal of the wall panels
of the end of the turbine hall and other work. For part
of the work, a need for the development of protective
actions was determined. Therefore, for the dismantling
of the roofing panels of the turbine hall between the axes
64-66, A-B, a decision to use horizontal shielding of the
type of protective overlapping platforms and shielded
stairs was taken. As a protective material, lead sheets with
5-10 mm in thickness were chosen.

Radiation conditions in the work areas, namely, during
work on the removal of shielding for an additional roof of the
turbine hall, as well as metal roofing panels of the turbine
hall with the help of tower cranes, can be characterized
as complex conditions. In this case, existing sources
of ionizing radiation affect both the personnel working
on the roof, and the operators of the tower cranes. In this
regard, the project envisaged shielding cabs of tower cranes,
in which operators are inside for a relatively long time.
Protection with sheet lead is provided to reduce the dose rate
in the cockpit tower cranes. It is known from the experience
of work on the implementation of projects at the Shelter

object, that the dose rate in the cockpit of construction
machinery can be reduced four times by shielding. The final
decision on the cabins’ shielding was taken after agreement
with the company manufacturer of cranes.

According to the Strategy, the dismantling of the
Shelter object must begin shortly after the commissioning
of the NSC. At the moment, scientists of Chornobyl NPP
has developed a pilot project “Reconstruction of the Shelter
object of the Chornobyl NPP. Demolition of a steelwork
for strengthening the southern roof” [7]. Researchers
of the ISP NPP have analyzed and substantiated use
of the protective shields in the workplace related to the
demolition of the steelwork and the strengthening of the
staff’s access routes. Analysis of the radiation conditions
in the work area showed that the value of gamma radiation
reaches 0.5 Sv/h. However, the installation of stationary
bioprotection shields is not profitable. On the other hand,
an analysis of possible access routes to the southern
shields has shown that it is most appropriate to organize
the access of personnel to the area of work with the help
of a special shielded cabin (Fig. 3), which will be served
through the NSC main cranes system. A cabin can be used
also to protect personnel against exposure gamma-
radiation during forced technological breaks. According
to the calculations, the effective/or equivalent dose rate
in the shielded cabin should not exceed 25 mSv/h when
placed on the southern roof.

L]

Fig. 3. The scheme of use of the cabin

The following basic design decisions of the shielded
cabin are foreseen:

1. The cabin has a rectangular shape, equipped with
a traverse for fastening.

2. The cabin does not have a door, but it is equipped
with a doorway and a gate.

3. The cabin is equipped with a folding ladder for
safe passage of the staff to roof and back.
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4. The interior surfaces of the cabin shall be made
of materials that are easily deactivated.

5. The interior layout of the protective cabin
is designed for seats for three persons (taking into account
the use of their main and additional personal protective
equipment) and provides for emergency evacuation in the
event of failure of main cranes, as well as rails and safety
belts for safe retention of personnel during displacements.

In the simulation of radiation conditions in which the
protective cabin will be operated, the expert estimation
method has been used to determine the value of gamma-
radiation at each stage of the cabin movement route.
For calculation of the thickness of the cabin walls, the
Microshield MS 5 software was used. Thus, it was found
that the top of the cabin should be shielded with 15
mm of lead, side surfaces — 30 mm, the floor — 25 mm.
The specified specification of wall thicknesses will provide
an equivalent/or effective dose rate less than 25 mSv/h
inside of the protective cabin, at its transportation
along the route and in conditions when the equivalent/
or effective dose rate levels are higher than 0.5 Sv/h.

Conclusions

The practical experience of participation in projects
on transformation of the Shelter object into an ecologically
safe system has shown the effectiveness of using shielding
as one of the most effective ways of protecting personnel.

The use of protective boxes and shielded cabins for
personnel allows to reduce the equivalent dose rate in the
workplace up to 20 times. In this case, the calculated
values are in good agreement with the data obtained when
the actual use of protection in the work areas.

The use of shielding lead to a significant reduction
in the collective dose of radiation during the
implementation of the Shelter object unstable structures
stabilization. The “dose-cost-benefit” analysis showed
the importance of applying protective measures in the
workplace for highly qualified specialists (crane operators,
welders, etc.).

It is shown that the use of special shielded cabins for
personnel access to the work areas can significantly reduce
the cost of the implementation of measures to dismantle
unstable structures of the Shelter object.

References
1. SIP SKB02 WCD-EP 00200 / 02-88-02.01. SSE ChNPP.

Shelter Implementation Plan on the Shelter Object.
Cementation of the Base Soil, Taking into Account

the Drilling of Wells with a Diameter of 150 mm.
Technology of Drilling Injection Wells and Cementation
of the Soil Foundation. (in Russ.)

2. Strategy for transformation of the Shelter object into an eco-
logically safe system. Approved by the Interdepartmental
Commission for the Integrated Solution of the Problems
of the Chornobyl NPP dated on March 12,2001, no. 2, 18 p.
(in Ukr.)

3. SIPK 0401000 RSR00203. Final Executive Report on Stabi-
lization Measures (Safety Analyses Report). Shelter imple-
mentation plan on the Shelter object. 2018. (in Russ.)

4. Batiy V. G,, Egorov V. V., Zakrevsky Yu. A, et al. (2000).
Optimization of Shielding Using Experimental Data on the
Angular Distributions of the Intensity of Gamma Radia-
tion. Problemy Chornobylya [Problems of Chornobyl], vol.
9, pp- 53-55. (in Russ.)

5. Batiy V. G, Glebkin S. I, Yegorov V. V,, et. al. (2004). Phys-
ical and Mathematical Simulation of Biological Shielding.
Problems of atomic science and technology. Series “Nuclear
Pphysics investigations”, vol. 44, no. 5, pp. 101-102.

6. Report on the Results of Studies of the Radiation Situation
in the Areas of Work for Stabilization of the Building Struc-
tures of the Shelter Object. Shelter Implementation Plan. In-
ternational Chernobyl Consortium — ICC (MK) JV. Chor-
nobyl, 2002, 198 p. (in Russ.)

7. 301503.201.007-ZVSZ Report on correspondence with the re-
quirements of sanitary legislation. Project for reconstruction
of the Shelter object Chornobyl NPP in connection with the
dismantling of a metal farm on the southern roof. Chorno-
byl: SSE ChNPP, 2016, Vol. 7. (in Ukr.)

B. B. €ropos, C. A. ITackeBuy, JI. I. IlaBroBcbkuii,
O. B. banman

Incmumym npobnem 6esnexu AEC HAH Ykpainu,
syn. Kiposa, 36a, Yoprobunv, 07270, Yxpaina

HocBig Ta nepcnexTNBY BUKOPUCTAHHA eKPAaHYBaHH A
IiJ] Yac BUKOHAHHA poOiT i3 nepeTBopeHHs 06’€KTa
«YKpUTTS» Ha eKOTIOTIYHO Oe3IeYHy CHCTeMY

Ba>xnmBuM 3ax070M pazfiallifiHOTO 3aXUCTy ITEPCOHATY
mip 9ac poboty B pafianitHo HebesIeIHNX YMOBax 06’€KTa
«YKPUTTS» € IPOBEE€HHA eKpaHyBaHHA B 30HaX BMKOHAHHS
pobir. IncturyT npobnem 6esnekn AEC HAH Vkpaiuu Bu-
KOHaB 3Ha4HMIT 06’eM pobir 3 aHasi3y pamiarjiifHUX yMOB Ta
OOI'pyHTYBaHHA HeobxigHOCTI 3aCTOCYBaHHSA 3aXOJiB 3 €Kpa-
HyBaHHA. LIi saxonu 6y)m NpaKTUYHO peajizoBaHi mif 4ac
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BUKOHAHHS ITPOEKTIB 3i cTabinisauii 6anox b1 i B2 ta crabini-
3anii HecTabiIbHIMX KOHCTPYKIIiiT 06’€KTA « YKPUTTSI», @ TAKOX
CTBOPEHHSI OTOPOJKYBa/IbBHOTO KOHTYPa HOBOTO 6e3I1eYHOr0
KoH(paliHMeHTa. TakoXX eKpaHyBaHHSA BUKOPUCTOBYBA/NIOCh
mif gac crabinisanii omopu 6anku «MaMOHT», @ TAKOX POOIT
i3 leMeHTyYBaHHs I'PYHTIB y TOKa/IbHIIT 30HI 06’€KTa «YKpHT-
Ts1». OCHOBHMM TUIIOM 3aC00iB eKpaHyBaHH:A Oy 3aXMCHi
CBUHIIEBI EKPaHM Ta 3aXMCHI KabiHM.

3acTOCyBaHHS eKPaHOBAHNX 3aXMCHIX KabiH f1aso 3Mory
3MEHIINTH PiBHi MOTY>XHOCTi €KCIO3ULiJIHOL JO3M Ha pobo-
4MX MicuAx Bif 5 fo 25 pasis.

ITig gac crabimisanii 3axigHOI YacTUHM 00’ €KTA «YKPUT-
Ts1» 6y/I0 30yLOBAHO CIleliabHY 3aXVUCHY CTiHY, IO Ipajia
PO/Ib eKpaHa [/isl IepCOHAITy, SIKMIT 3[i/ICHIOBAB 30MpaHHs
MeTajiYHNX KOHCTPYKILili mifcuieHHA. PilleHHA Ipo CTBO-
peHH:A 3aXMCHOI CTiHM 3 6eTOHHUX O7IOKIB OY/I0 yXBa/IeHO Ha
OCHOBI aHa/i3y «l03a — 3aTpaTy — BUrofa». Pospaxynkammu
nepen6avanock, w0 3aXMCHa CTiHA Majla 3HU3NUTH IIOTIiK raM-
Ma-BUIIPOMIHIOBAaHHs B 2,5 pasa, ajne GpaKTUIHO piBHi ocma-
6/IeHHs TaMMa-BUIIPOMIiHIOBaHHSI 3HAXONVINCH B MEXaX Biff
1,8 mo 3,2 pasa. Y 4iZioMy IIpOBefEHHS TAKOTO 3aX0Ay Oyro
BUIIPaBJAHUM.

BukopucTaHH:A eKpaHyBaHHA IPUBEJIO KO 3HVKEHH A KO-
JIEKTUBHOI 0311 OIIPOMiHeHHS Hif| yac crabinisarii HecTabinb-
HMX KOHCTPYKLilt 06’exTa « YKputTTs» Ha 1,1 3B. IIpn npomy
6y/10 ITOKa3aHO, 110 Ba>K/IMBO peajIi3oByBaTH 3aXOAU 3 eKpa-
HYBaHHs B MiCI[IX POOOTH CIIeniamicTiB BICOKOI KBasiikarii
(3BaproBa/JIbHUKM, KpaHiBHUKM Ta iH.).

IIpoaHani3oBaHO JOLIiIbHICTh BUKOPUCTAHHS CIleLlialb-
HIX eKPAaHOBAHMX KaOiH /151 TPAHCIOPTYBaHHS [IEPCOHATY IO
30H BUKOHAHHS POOIT Iif] 9ac eMOHTaXy HeCTabi/IbHIX KOH-
CTPYKIIili, IO JaCTh 3MOTY CYTTEBO 3HU3UTH PiBHI OIIPOMi-
HEeHHA IIepCOHAy.

Kniouosi cnosa: paniauiitHuii 3axycT, eKpaHyBaHHsI, 00’ €KT
«YKPUTTs», JPKEPENo BUTPOMiHIOBaHHA.

B. B. Eropos, C. A. IlackeBuy, /1. 1. IlaBnoBckmnii,
O. B. banan

Hncmumym npobnem 6esonacnocmu ASC HAH Ykpaunu,
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OnpIT 1 NEPCNEKTUBbBI ICIIOIb30BAHN A
9KPaHMPOBAHN: IPU BHIIOTHEHNN paboT 1o
npeoGpa3soBaHNI0 00bEKTA «YKPBITHE» B IKOTOTMIECKI
Oe3omacHyI0 cucTeMy

IIpoBenen ananus 3¢peKTUBHOCTY MCIOIb30BAHMA
3aIUTHI HEPCOHANA OT MHTEHCUBHBIX MCTOYHMKOB OHU3N-
PYIOLIero M3Ty4eHus B 30HaX BBIIIOTHEHNs paboT Ha 06b-
exTe «YKpbITue». IlpencraBieHbl JaHHbIE O NPAKTUIECKOM
NpUMEHEHNN 3V THBIX 9KPAHOB IPY BBHIIOTHEHNN PaboT
0 CTabUIM3anuy HeCTaOM/IbHBIX KOHCTPYKLUUIT 00beKTa
«YxpoiTrie». O60CHOBaHBI MOJE/N IPUMEHEHNU s CIIeI[UaTb-
HBIX 3aIUTHBIX KaOUH A1 paboT 110 FEMOHTA)XY KOHCTPYK-
it 06'beKTa «YKPBITHE», KOTOPBIE ITAHNPYETCS BHIIIOIHATD
BCKOpe IOC/Ie BBOfIA B 9KCIUIYATAINI0 HOBOrO 6€3011acHOro
koH¢arinMenTa. [TokazaHo pelraoliee 3SHaAYEHIE VCIIOIb30-
BaHUs 9KPAHMPOBAHNS [i/Is1 3ALIUTHI IIEPCOHA/IA KAK OfHOTO
u3 Hanbosee 3¢ HeKTUBHBIX METOIOB CHVKEHM S KOJUTEKTUB-
HOI! TO3bI OOy YeHN .

Kniouesvie cnosa: pagyalyioHHast 3a1MTa, SKpaHUPOBaHIeE,
00DeKT « YKPBITIE», UICTOYHUK M3/TyIeHI.
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