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The article discusses one of today’s challenges, namely, the decommissioning of nuclear power facilities. It summa-
rizes the experience in the decommissioning of radioactive waste storage facilities belonging to RosRAO’s Murmansk
department branch of the North-western Territorial District providing detailed overview of pre-decommissioning ac-
tivities, as well as the decommissioning operations themselves, relevant technology and technical equipment applied.
Pre-decommissioning stage involved large-scale efforts (2011—2015) on accumulated RW identification and its inven-
tory taking, as well as a comprehensive engineering radiation survey. Decommissioning designs have been developed
and approved, a state environmental examination has been carried out with a Sanitary and Epidemiological Statement
on compliance with state sanitary and epidemiological rules and requlations issued by FMBA of Russia. The paper
focuses on the construction of some engineered structures providing additional safety and security of RW storage fa-
cilities during their dismantlement. Particular attention was paid to the problems associated with the use of purpose
designed equipment.
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A radioactive waste storage facility was estab-
lished on the territory of the Murmansk Region
pursuant to a Decree of RSFSR Council of Minis-
ters of May 25, 1958 No. 539/64s. Until 2008 it has
been referred to as Murmansk Specialized Radia-
tion Safety Combine of FSUE Radon. In 2008, in ac-
cordance with the order of the State Atomic Energy
Corporation Rosatom of July 1, 2008 No. 237, the
enterprise became part of FSUE RosRAO and was
reorganized into FSUE RosRAO’s Murmansk branch
of the North-Western Territorial District.

Murmansk branch was mainly involved in the fol-
lowing activities:
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- transportation of solid radioactive waste and sourc-
es of ionizing radiation (license GN-07-602-3069
of August 25,2015);

- operation of a radioactive waste storage facility
(license GN-03-303-3159 of February 4, 2016).

The site of the RW storage facility (RW SF) is
located on the 32nd kilometer of the Murmansk-

Pechenga highway (Figure 1) and covers an area

of 13 hectares. RW was assigned to the IV category

according to its potential radiation hazard level.

The site is bounded with physical protection bar-

riers. The landscape of the site is relatively smooth

and has a domed shape. In the northwestern part, a
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pond adjoins the site, some areas are slightly boggy
grown over by shrubs. The site features some RW
management facilities and auxiliary structures and
buildings (Figure 2).

The site of the Murmansk branch involves the fol-
lowing facilities:

1. SRW storage facility, constructed according to
TP-4891 designs. The storage facility is a structure
composed of four buried reinforced concrete tanks
with a total capacity of 800 m®. Geometric dimen-
sions of the tank are as follows: length — 14.7 m,
width — 4.8 m, depth — 3.2 m. The slabs are made of
reinforced concrete. A Shelter structure was erect-
ed over the SRW storage facility in 2007 to limit the
inflow of atmospheric precipitations (Figure 3).

2. LRW storage facility constructed according
to TP4891-III designs composed of two buried re-
inforced concrete tanks with a capacity of 200 m3
each lined with stainless steel. Geometrical dimen-
sions of the tanks were as follows: radius — 4.44 m,
height — 3.2 m. The roof of the storage facility was

Figure 1. Geographical location of the RW SF operated

by the Murmansk branch
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Figure 2. Layout of the RW SF operated by the Murmansk branch: 1 — amenities building, 2 — access point for vehicles,
3 — access point for personnel, 4 — fencing, 5 — SRW storage facility (4 compartments), 6 — LRW storage facility (2 tanks),
7 — artificial reservoir

Figure 3. Shelter structure above the SRW storage facility

covered by an insulating screen made a soil em-
bankment (vegetable soil) ranging in its thickness
from 0.6 to 1.5 meters (Figure 4).
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In 1993, RW shipments to the site were stopped.
In 2012, a decision was made by the Director of the
Nuclear and Radiation Safety Office of the State
Atomic Energy Corporation Rosatom on the de-
commissioning of RW storage facilities run by FSUE
RosRAO, including the first section of the Mur-
mansk SF. FSUE RosRAO was assigned with a task
of developing an action plan providing for RW SF
decommissioning in keeping with relevant provi-
sions of the Russian regulatory framework.

Table 1 summarizes the operations scheduled un-
der the pre-decommissioning and decommission-
ing stages proposed for the considered RW SF.

Immediate implementation of decommission-
ing efforts was preceded by extensive activities fo-
cused on the identification and inventory taking of
previously accumulated RW. Inventory taking was
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Figure 4. Layout of LRW storage facility

Table 1. Stages proposed under RW SF
decommissioning designs (Murmansk branch)

Implemented activities Year

1. Start of LRW retrieval 2011
2.ldentification, inventory taking and shipment of SRW 2011+
(215 m® and LRW (165 m?) from the RW SF site 2015
3. Comprehensive engineering and radiation survey (KIRO) 2015

of RW storage facilities
4. Development of decommissioning designs for the RW SF 2016

5. Design approval 2017

6. State environmental review of the license application
and its supporting materials (including environmental
impact assessment) on the decommissioning of a station-
ary facility designed for RW storage

2018

7.Sanitary and Epidemiological Statement issued by
Interregional Administration No. 120 of FMBA Russia
No. 51.SN.31.000.M.000006.03.18 of March 15,2018
acknowledging the compliance with state sanitary and
epidemiological rules and norms

2018

8. Decommissioning license for the storage facilities 2019
9. Decommissioning (4 tanks with SRW and 2 tanks with LRW) 2019

completed in five years (2011—2015): given the
Arctic climate, the operations were performed only
in the summer. These were performed based on rel-
evant permits agreed upon with territorial entities
of Rostekhnadzor and FMBA of Russia.

SRW inventory mostly involved spent sealed ra-
diation sources (SSRS) such as gamma radiation
units, primary metal packaging, including large
ones of non-standard sizes and a mixture of various
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Figure 5. SRW stored in one of the tanks before RW
inventory taking

radioactively contaminated materials that were
disposed of in tanks in bulk (Figure 5).

During the inventory taking, SRW was retrieved
using either an electric overhead travelling crane
with a lifting capacity of 16 tons or a small mov-
able crane Pioneer. The retrieval was accompanied
by waste segregation according to its identifica-
tion type: the waste was segregated into different
groups and subsequently packaged into containers.
Metal transportation gratings were used to secure
the transportation position of the gamma-emitting
units (hard fixation). Lugs of the radiation units
were bolted into the holes of the grating bottom,
which ensured their fixation and immobility dur-
ing transportation. Transport gratings were pack-
aged into KRAD-3.0 containers (Figure 6). These
containers were installed into transportation casks
UKT-IA-4P.6 intended for further shipment.
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Figure 6. Transport gratings used to secure the position
of gamma-emitting units

SRW composed of construction waste was placed
into forming packages made of plastic/propylene
kraft bags or big-bag packaging and, after being
assigned with an ID number, were installed into
KRAD-3.0 containers.

To reduce radiation exposure of personnel and
to minimize the risks of exposure, automated
equipment was used. In case if high levels of gam-
ma contamination were detected in a specific sec-
tion of the SRW pile, remotely controlled machine
Brokk-180 fitted with a set of attachments was
used to clear it away. Video surveillance system
with cameras located in different planes provided
a three-dimensional vision to the operator. In ad-
dition to local dosimetric control, gamma field in
the storage building was monitored by automated
radiation monitoring system Pelican. The system
could emit light and sound alerts, once a sharp
increase in the dose rate was revealed during RW
retrieval. Individual sections of the RW pile were
cleared stage by stage and to reduce the dose rate,
radiation barriers were mounted. For these pur-
poses, radiation-protective mats were used. To
achieve higher gamma radiation attenuation ef-
ficiency, they were attached in several layers to
purpose-designed metal structures.

To empty LRW storage facilities, the waste was
pumped out from the tanks. Most LRW was pumped
into transport containers (IMO-1 tank with an ef-
fective capacity of 18 m3) using submersible pumps
of TF1000/S type. Remaining LRW disposed at the
bottom of the tanks was emplaced into certified
200-liter drums of BZ 1A2-216,5 type.

Thus, all previously accumulated RW was re-
trieved, inventoried and handed over for process-
ing. The total amount of retrieved RW transferred
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for conditioning amounted to 215 m? of SRW and

165 m® of LRW with a total activity of 1.27-10%° Bq.

Next decommissioning stage for the RW storage
facilities of the Murmansk branch (2015—2018) in-
volved necessary pre-decommissioning efforts in-
cluding the development of Decommissioning Con-
cept and Program, KIRO, development of design
documentation and application for the permits re-
quired to perform the scheduled activities.

Design documentation provided for RW SF de-
commissioning, including dismantlement and
re-fitting of facilities and structures, their decon-
tamination, repair and restoration work and site
landscaping.

Two alternative technologies were considered
under the decision-making process on RW SF
decommissioning:

- complete dismantlement of RW storage facilities
involving the removal of concrete structures;

- partial dismantlement of RW storage tanks with
subsequent decontamination of concrete building
structures by "dry" surface cleaning method and
backfilling of the decommissioned LRW and SRW
storage facilities with soil.

A requirement on the minimization of RW
amounts generated during decommissioning was
considered as a main criterion in the decision
making on the preferred technology providing the
dismantlement of RW storage facilities in keep-
ing with relevant provisions of the Federal Law
of July 11, 2011 No. 190-FZ On Radioactive Waste
Management.

The above arrangements resulted in the devel-
opment of an equipment layout within the work
area that was agreed with supervisory authorities

(Figure 7).

1. SRW discharge area
2. Dosimetric control area
3. Dosimetric station
4. Pioneer KMP-500 crane
5. Work benches
6. Decontamination tray
7. Primary inventory taking area. Scales
8. Decontamination station SM-10
9. Transport trays
10, Purpose vehicles
11, KTO-800

Figure 7. Equipment layout in the work area

ISO-CART GEM45P4-76-SMP (ORTEC) complex
was used to certify the RW packages. Its designs
were based on an OCH-detector with a record-
ing efficiency of 45%, consisting of a digiDART
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multichannel analyzer, a collimator, a trolley fit-

ted with a spectrometer and a laptop with LSRM-

SPORO software package involving SpectraLane

and EffMarker software. The following items were

used along with the main equipment:

- a set of point reference gamma radiation sources
of OSGI type;

- technical scales with a measured mass limit of
700 kg and a measurement error of no more than
5%;

- range finder to measure the distance to the RW
packages;

- a bench used to install the RW packages providing
their uniform rotation at a speed of 0.5—2.0rpm.
Figure 8 presents the type of spectrometric tools

applied to certify RW packages.

Figure 8. Spectrometric complex providing RW package
certification

To decontaminate the internal surfaces of SRW
storage facilities, a complex of concrete grinding/
milling equipment was used jointly with BWF vac-
uum dust extraction system fitted with appropriate
milling cutters to cut the floor to a depth of 30 mm
in 4 passes and the walls to a height of 0.5 m and
a depth of 10 mm in 2 passes, and also the upper
part of the walls to a depth of 5 mm in one pass;
DC 5900 vacuum dust removal system and a system
designed to collect the generated SRW (Figure 9).
The cutter pressure system was pneumatic and
constantly adjustable. The moving remotely con-
trolled cutter was equipped with an electric drive.
The equipment was fitted with supports providing
its fixed position.

Stable operation of the equipment was provided
in the following ranges of RW specific activities:

- for B- and y-emitting radionuclides (excluding tri-
tium) — not more than 107 kBg/kg;
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Figure 9. Complex for surface decontamination of SRW
storage tanks

- for a-emitting radionuclides (excluding transura-
nic ones) — not more than 10° kBg/kg;

- transuranic radionuclides — not more than
10° kBg/kg.

Concrete crumb generated during decontami-
nation was placed into primary metal packaging
(200-liter drums) and shipped to the Leningrad
branch of FSUE RosRAO’s North-Western Territori-
al District where the waste was treated to ensure its
compliance with waste acceptance criteria for dis-
posal. The waste was shipped in certified transpor-
tation casks PU-2STK-X. Certification of RW pack-
ages was performed by the radiation safety service
of the Leningrad Branch, then the waste was trans-
ferred in KMZ-M containers to the National Op-
erator for disposal. A total of 26.6 m® of VLLW was
handed over to the National Operator.

Generation of secondary waste was minimized to
an extent possible through the use of a decontami-
nation complex that could decontaminate concrete
surfaces of RW storage tanks. Remotely controlled
manipulator contributed to a high degree of per-
sonnel protection from radiation exposure.

Four-stage cleaning using vacuum dust removal
system has prevented contaminant spread into
the environment. At the same time, some flaws
were revealed during the operation of the complex,
such as:

. it was difficult to fasten the equipment on vacuum
culling to the decontaminated surface in case of
significant surface imperfections/irregularities;

- hoisting mechanisms were required to install the
equipment units into storage tanks due to their
big weight.

During 2019, LRW storage facility was dismantled
and a natural lawn was bedded out at the site (Fig-
ure 10). Solid RW storage tanks were decontami-
nated and backfilled with soil. The surface area of
450 m? previously occupied by tanks was capped by
reinforced concrete slabs (Figure 11).
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Figure 10. Site of the LRW storage facility prior to the start (on the left) and upon completion of the decommissioning efforts
(on the right)

Figure 11. Site of SRW storage facility before the start (on the left) and upon the completion of the decommissioning efforts
(on the right)

Conclusions

The final state of the RW storage facility specified
in the decommissioning program was achieved as
the result of the implemented activities.

At present time, the former SRW storage facility
is a production facility composed of a building with
a concrete site located within the inner perimeter
of 740 m? equipped with a 16-ton electric overhead
travelling crane.

An expert review was performed upon the com-
pletion of decommissioning efforts. Based on it,
the former RW storage facility was exempted from
specialized state control and accounting of nuclear
facilities.

References

1. Federal'nyj zakon ot 21 noyabrya 1995 g.N2170-FZ
“Ob ispol'zovanii atomnoj energii” [Federal Law of
21 November 1995 No.170-FZ “On the Use of Atomic
Energy”].

2. Federal'nyj zakon ot 11 iyulya 2011 g. N2 190-FZ
“Ob obrashchenii s radioaktivnymi othodami i o vne-
senii izmenenij v otdel'nye zakonodatelnye akty

Radioactive Waste Ne 2 (11), 2020

“Osnovnye

Rossijskoj Federacii” [Federal Law of July 11, 2011
No. 190-FZ “On the management of radioactive
waste and on amendments to certain legislative acts
of the Russian Federation”.

3. Sanitarnye pravila i normativy. SanPiN 2.6.1.2523-09.
Normy radiacionnoj bezopasnosti (NRB-99/2009) [Ra-
diation Safety Standards (NRB-99) SP 2.6.1.758-99:
2.6.1 Ionizing radiation, radiation safety]. Moscow,
Aprokhim Publ., 2000. 109 p.

4. NRB-99/2009. Normy radiacionnoj bezopasnosti.
Sanitarnye pravila i normativy SanPiN 2.6.1.2523-09
[Sanitary rules and norms. SanPiN 2.6.1.2523-09.Ra-
diation Safety Norms (NRB 99/2009)]. Moscow, Mor-
kniga Publ., 2020. 101 p.

5. Federal'nye normyi pravila v oblasti ispol zovaniya
atomnoy energii “Obespechenie bezopasnosti pri
vyvode iz ekspluatacii ob"ektov ispol'zovaniya atom-
noy energii. Obshchie polozheniya” (NP 091-14) [Fed-
eral Norms and Rules in the Field of the Use of Atomic
Energy Ensuring safety during decommissioning of
nuclear facilities. General Provisions (NP 091-14)].
Yadernaya i radiacionnaya bezopasnost' — Nuclear and
Radiation Safety, 2015, no. 3 (77), pp. 51—58.

6. Sanitarnye pravilainormativy.SanPiN 2.6.1.2612-10
sanitarnye pravila obespecheniya

17



RW Management during Nuclear Decommissioning

radiacionnoy bezopasnosti (OSPORB 99/2010)”
[Basic sanitary rules for ensuring radiation safety
(OSPORB 99/2010). Sanitary rules and regulations.
SanPiN 2.6.1.2612-10]. Moscow, Morkniga Publ.,
2020. 100 p.

7. Federal' nye normy i pravila v oblasti ispol'zovaniya
atomnoy energii “Trebovaniya k obespecheniyu

bezopasnosti pri vyvode iz ekspluatacii punktov
hraneniya radioaktivnyh othodov” (NP 097-16) [Safe-
ty requirements for the decommissioning of radio-
active waste storage facilities (NP 097-16). Federal
norms and rules in the field of atomic energy use].
Yadernaya i radiacionnaya bezopasnost' — Nuclear and
Radiation Safety, 2017, no. 1 (83), pp. 42—51.

Information about the authors

Vlasov Denis Nikolaevich, Head of workshop, Leningrad department of the branch office “Northwest ter-
ritorial region” FSUE “RosRAO” (PO Box 5, Industrial zone, Sosnovy Bor, Leningrad region, 188540, Russia),

e-mail: DNVlasov@rosatom.ru.

Zamaskin Denis Nikolaevich, Branch office Manager, Branch office “Northwest territorial region” FSUE
“RosRAQ” (Building 2, letter A, BC “Marvel”, st. Sedova 11, St. Petersburg, 195009, Russia), e-mail: DNZa-

maskin@rosrao.ru.

Kaminsky Oleg Olegovich, Chief Specialist, Murmansk department of the branch office “Northwest ter-
ritorial region” FSUE “RosRAO” (30, st. Domostroitelnaya, Murmansk, 183034, Russia), e-mail: OOKamin-

sky@rosrao.ru.

Kamorny Aleksey Viktorovich, Head of the project, FSUE “RosRAO” (6, Pyzhevsky lane, Moscow, 119017,

Russia), e-mail: avikamornyy@rosrao.ru.

Lukashin Andrey Vladimirovich, Leading specialist, Leningrad department of the branch office “Northwest
territorial region” FSUE “RosRAO” (PO Box 5, Industrial zone, Sosnovy Bor, Leningrad region, 188540, Rus-

sia), e-mail: AnVLukashin@rosrao.ru.

Sobolev Andrey Igorevich, Doctor of technical sciences, Professor, Advisor on scientific and technical is-
sues of FSUE “RosRAO”, FSUE “RosRAQO” (6, Pyzhevsky lane, Moscow, 119017, Russia), e-mail: AISobolev@

rosrao.ru.

Bibliographic description

Vlasov D. N., Zamaskin D. N., Kaminsky O. O., Kamorny A. V., Lukashin A. V., Sobolev A. I. Decom-
missioning Radioactive Waste Storage Facilities of FSUE RosRAQO’s Murmansk Department Branch in
the North-Western Territorial District. Radioactive Waste, 2020, no. 2(11), pp. 17—24. (In Russian). DOI:

10.25283/2587-9707-2020-2-17-24 .

Radioactive Waste Ne 2 (11), 2020



