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ABSTRACT

The Arctic Military Environmental Cooperation (AMB®rogram is a cooperative effort
between the Kingdom of Norway, the Russian Fedmratind the United States. This paper
discusses joint activities over the past year amdoigvegian, Russian, and U.S. technical
experts on solid radioactive waste (SRW¢atment and storage technologies in the Afoti
the Russian Navy. The use of Western technologytestthologies jointly developed
between Russia, the U.S. and Norway will facilitaeeting Russia's needs for stabilizing
and storing SRW from decommissioned nuclear submesriContainers for transportation
and storage of SRW are now under constructionRatssian shipyard. All work is directec
applications in northwest Russia where the Ruddery is decommissioning large numbers
of nuclear submarines. The missions of AMEC Prgjéc8 and 1.4 are to improve the
Russian Navy's capabilities in SRW treatment aachge, respectively, and thus minimize
the spread of radiological contamination (GriffRhet al., WM-99 and Griffith A. et al.,
WM-98). Treatment decisions made in Project 1.3 eatermine the scale of storage
necessary in Project 1.4 and conversely, the safage requirements can affect the sele«

of treatment technologies in Project 1.3. The wtiengoal of these projects is a safe, secure,
and self-sustaining SRW treatment and storage dépai northwest Russia.

INTRODUCTION

A large volume (12,000 to 14,000 m3) of SRW hasllted
from the decommissioning of nuclear submarinesahdr
¥ nuclear related military activities at Russia's thern Fleet
| bases on the Kola Peninsula (ICC Nuclide, 1998istfxy
storage containers and facilities are full and etating
(see Fig. 1). Many more Russian submarines (cadrg0)
awaiting accelerated decommissioning potentiallpas of
Cooperative Threat Reduction activities or other
multilaterd cooperative programs. New waste is contint
to be generated and stored in an open-air envirohrias
estimated that 25 to 30 percent of the SRW is ptbse
uncovered and exposed to the elements. Estimatetyaof the SRW is 37 TBqg (1000 Ci).
SRW consists of combustible materials (paper, waad,fabric), pressable materials
(plastics, rubber), sorbents, metal (equipmenings, pipes), and noprocessable materia
The generation rate of SRW is about 1000 m3 peramd is expected to increase as the rate
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Figure 1. Solid waste
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of submarine decommissioning increases. Theref@edrrent situation presents a
significant threat to the fragile Arctic environmiemd an impediment to ongoing
deactivation and decommissioning goals.

AMEC Project 1.3 goals include assessing treatroptibns, selecting technologies,
designing and constructing treatment systems ®SRW resulting from these
decommissioning activities, and ultimately impletagion of those technologies. The key
focus at this time is on a Mobile Pretreatment IRgdiMPF). AMEC Project 1.4 goals
include development of self-sustaining productiapabilities for metal and concrete waste
containers, and in general storage systems aridiéscsuch as modular units for SRW. A
reinforced concrete container has been designedRuyssian firm with U.S. funding.
Similarly, a procurement has been awarded to an&bssian firm to design and build steel
containers for SRW transportation and storage. appoach directly addresses the self-
sustaining goal of the AMEC program. The steel @mutcrete containers will be used at the
MPF for delivery of raw waste and removal of segted high activity waste, respectively.

Therefore, coordination on key interface pointcksas sharing of design specifications
between the two projects) is important to ensuregatibility and efficient utilization of
resources. Information on a variety of relevanhtexdogies has been collected and discussed
at AMEC Projects 1.3 and 1.4 meetings from earl§71through 1999. At these meetings,
which have been held in the U.S., Norway, and Rwi$se parties have discussed specific,
practical technologies for application at the Raisdlavy facilities in northwest Russia.

AMEC PROJECT 1.3: SOLID WASTE TREATMENT

An early estimate of the cost to fully address SR&dtment was over $100 million for a
facility that included incineration, metal meltinggetal decontamination, super-compaction,
size reduction and cementation. This approach hesteconsidered and limited to a central
processing facility, consisting of metal decontaation and recycling, super-compaction of
drummed waste, and cementation of liquid wastescamshed drum pucks. Supplying waste
to this central facility would be several satelsta@pyard facilities where the SRW would be
segregated and size reduced to minimize transportebsts. Even so, the cost estimate
ranged from $20 million to $42 million (Spargo, B99which far exceeds the financial
resources available to the project over the nextyiears from the participating countries.
Therefore, the project was divided into phases.

Phase |

Phase | began in February 1997 and consisted ainnaition exchange on the problem and
the various technologies which might be applied.tbrom this exchange a number of
technologies such as metal melting and incineratiere evaluated, but eliminated as not
cost effective given the expected resource linutegtiand regulatory environment.
Completing this first phase, a set of recommendatiwere formulated for various
implementation options which centered around systeraviding waste handling, super-
compaction, cementation, and metal decontaminaiibase were determined to be the most
cost-effective technologies and presented to th&a&Nbteering Committee, resulting in a



"limited implementation” option being selected Rirase II. By selecting limited
implementation, the focus was placed on interimtevatabilization and volume reduction at
the various shipyard sites as opposed to a cenvaessing facility with capabilities for
metal recycle and generation of a final waste fdfiowever, AMEC support for selected
aspects of a central waste management facility nsiglhbe considered in Phase 11l pending
approval and funding release.

Further systems engineering analysis indicatedwhate handling and assay,
sorting/segregation, shearing/cutting, and lowdarompaction are the minimum
technologies required at the sites to effectivebtneat and stabilize wastes until a central
processing facility can be engineered and congiduat system comprised of these
technologies would facilitate and expedite intewaste segregation and storage, contain
further release of radioactive species and integnal with the more extensive planned
capabilities of a centralized waste managemeniitiaci

Phase Il

As a result of a joint Project Officers and TeclahiExperts meeting in March 1999, a
conceptual solution for a novel Mobile SRW Pretmeaiit Facility was developed. A key
feature of the concept is the mobility aspect, Whall allow this system to be transported
between the Nerpa shipyards and other intermesiiatage sites such as Gremikha and
Andreeva Bay (see Fig.2 and 3). These sites pigsamttain and are expected to generate
the largest portions of SRW on the Kola Peninsuléné future. The proposed system can be
set up in close proximity to the waste source dlmvgoretreatment unit operations of
contaminant assaying, cutting/shearing, sortingésgagion, waste drying and shredding, and
low force compaction.

Figure 2. General View of Mobile Pretreatment Facility

The mobility concept will be achieved via the u$¢S® type or equivalent containers as



and modularity so as to be easily disassembledcau®d onto ship, train or truck, and be
moved to prepared sites at each of these facilitfesre they can quickly be reinstalled.
Mobile does not imply these modules be on wheetsagks, rather the modules can be
disconnected and loaded onto whatever mode ofgcatation is required. While in

operation at a site, the modules could be situatddn another structure or outside, but in
either case would be securely anchored to a canpeat. Design specifications must include
the ability to withstand up to 45 m/s (~100 mph)dd@rand snow loading of up to 2.5 kPa
(~50 pounds per square foot). Also Arctic tempeeguwan range down td8 oC. The initia
concept (see Fig. 3) consists of three modulesfdwthe actual pretreatment operations and
one for worker dress out and sanitation necess#ikgquipment and components in this
unique facility should be commercially availablelgroven technologies.

SRW Mobile Pretreatment Facility
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Figure 3. Modules of Mobile Pretreatment Facility

The firstWaste Receipt Module addresses radiation level assessment, size redwié
cutting/shearing, and sorting/segregation. Workethis area would be outfitted in full PF
The most significant unknown is the actual stai \@ariability of the waste to be processed,
therefore this module must exhibit flexibility imfiguration and functionality. It is

expected that the waste would be brought into tbdute in a variety of reusable containers.
The workers would be shielded from the containéadead barriers and leaded glass. Waste
from these containers would be removed via overloceate with grapple or electromagnetic
attachment and assayed for radiation activity. Ddpey on the result and classification
criteria, it would be either rejected for furtheppessing as high activity waste, or passed
into the worker area, either directly via the cramevia conveyor onto the



transferred directly into a designated concretedhwintainer for segregation. Size reduc
of metallic pieces would be accomplished via hytically operated cutters and shears. To
avoid any fire hazard, it is not expected that gngymal cutting torches would be employed
within the module, but could be accomplished ow$at unusually large pieces. Low
activity contaminated metal having potential sorajue would be size reduced and
efficiently packed into a separate metal receiptaimer for latter decontamination at a
central treatment facility. All compactible typelsveaste including cloth, rags, paper, wood,
plastics, rubber, cans, pails, buckets, etc woalglaced on an evaluation table for further
sorting and classification by workers in the secoratiule.

The secon@ompaction Module addresses radiation measurement and recordingg was
drying and shredding, and in-drum compaction ofte&sWorkers in this area would not
require full personal protection equipment (PPH)e all operations would be carried out
via glove box or without need for direct contacthwthe waste. Wastes placed on the
evaluation and sorting table from the Waste Reddigdule would be hand sorted and
classified via the glove box. Some disassembly sisatequired with HEPA filters could be
carried out to separate recyclable metal from catnpla waste. Decisions would be mad:

to suitability for shredding and compacting. Furtrediation assay would be conducted and
logged as a record for tlleum contents and maximum radiation loading. Cartiple waste
would be placed on a conveyor belt and fed to er@md shredder. Fluff from the shredder
would fall into a hold bin from which it could beigered or conveyed to the in-drum
compactor as needed. The low force compactor waallgme reduce the waste resulting in
reduction ratios of 5 to 7 or more. Filled drumsultbbe removed and temporarily stored for
eventual transportation to a central processingjthator eventual super compaction and
entombment in cement.

The thirdWorker Service Module provides the required worker dress out and coanehs to
limit contamination spread. Also, provided shoudtbilet and shower facilities and storage
for PPE and personal radiation dose monitoringraadsuring devices. All workers would
enter and leave the facility through this modulstasndard procedure, although emergency
exits would be available in the Waste Receipt aoch@action Modules. A knee high barrier
would separate the "clean aresdrh the "controlled area" where change out of aomatec
PPE would take place. Trash bins would collect aonmbated clothing for processing
through the Compaction Module with other compaetibbstes.

Attached to the outside of one end of the WorkeviSe Module would be a power unit
(gasoline or diesel) for either direct generatibheat and electric power (250 volt/50 Hz) or
as a back up if primary power available on sit@s$s. On the other end would be a series of
water tanks for holding clean supply water foragghower/sink, sanitary waste water,
decontamination solutions and hold tank for anypeated radioactive water as a result of
emergency wash down and decontamination procedures.

Each module would be outfitted with its own sepatdEPA air filtration system since
radioactive contamination and corresponding regwyatequirements are expected to vary
considerably between the three modules. Thesemsgst®uld maintain each module under
slight negative air pressure to ensure no furtbkesfasse or spread of contaminants.



The foregoing description embodies the initial aptdor the MPF and the required unit
operations. More detailed Russian Technical Remerdgs have been developed that
encompass the need in regards to applicable Russthas and regulations. Currently, a
competitive procurement is being released for #g@gh and construction of the MPF. A
selected vendor will further combine the concejut &achnical Requirements into a work
design which will then undergo ¢#ication and licensing through Minatom, Gosatomhrar
and Gosstandart of Russia.

Phase Il

Concurrently our Russian partners have begun worthe systems engineering assessment
for the central waste processing facility. Systemgineering needs to consider not only the
treatment of SRW, but the whole decommissioningubh disposal cycle, which may
include various side and liquid radioactive wastR\(/) streams and the operations at a
number of shipyard facilities on the Kola Peninsiillae approach has been to first evaluate
the applicability of commercially available techogies within Russia and then available
globally to control costs. Although high technolagyproaches may result in elegant and
perhaps more effective solutions, simplicity of igi®n is a key consideration in the harsh
Arctic environment, and the balance between labdraautomation costs needs to be
considered to maximize budget resources. Theskitcivould be operated by Russian
personnel due to the sensitive military natureabivéies at the bases and shipyards.

The final waste form from the central facility ofi#&se Ill is expected to be a cemented or
grouted material consisting of the LRW generatedifthe metal decontamination process
and the super-compacted drum pucks. Project 1.4dlasted a coated concrete container to
hold these grouted wastes. The compacted pucksivibeubacked into the concrete
container, and the cemented LRW slurry poured atahe pucks to fill the void space,
harden, and completely encase and shield the wesstie of the concrete container. These
filled containers would serve as a stable waste fand storage system, which eventually
can be transported to and emplaced in a final repgsDesign considerations for the
processes and containers are being coordinatetstoesefficient and cost effective
operations throughout.

AMEC PROJECT 1.4: WASTE STORAGE
The various activities of AMEC Project 1.4 alltiitgether to develop a self-sustaining

storage system, in which the Russian Navy manageadioactive waste safely and
securely, as shown in Figure 4.
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Figure 4. AMEC Project 1.4 Activities

Waste Storage Facilities

Our Russian partners have completed an SRW stbralyeng. This facility will be

primarily used to store old wastes that have beehe open air for years at Andreeva Bay.
The storage facility has below-grade vaults witharete lids and a 20-tonne bridge crane.
The estimated Russian expenditure for this facit$7.4 million, $800,000 of which has
been provided since it was first proposed as an ENdEoject.

Additional storage building(s) could be construdtethe 2002-2003 timeframe. The Project
Officers are evaluating modular construction farsth additional buildings. The design
criteria for these buildings will include heavy sntwads, high wind loads, and low
temperatures.

Coating Technology Demonstration




The coating material selected was Polibrid 70
thermosetting elastomeric polyurethane supplid
by Promatec Technologies, Inc. The chemical '
components and application equipment were |
shipped via air, barge, and truck to the RTP |
Atomflot facilities in Murmansk, Russia, arriving
on May 25, 1998. The U.S. team followed, and }
during the period June-August 1998, assemble
and tested the equipment, and trained the Rus;
technicians. The Russians then sprayed a port
of the coating material on the concrete floor
(Figure 5) of a loading bay of a radioactive was
handling building, an indoor passage in the sa
building, the external surfaces of a steel contaigEH
and 24 concrete and metal laboratory test
coupons.

The coatings on the loading bay and indoor
passage floors were exposed to the normal e
working environment over a period of one year Figure5. Coating Application

and their conditions were monitored at regular

intervals. The laboratory samples were taken t&®&tersburg where the coating material
was subjected to a series of qualification test& Folibrid 705 coating demonstration was
completed in August 1999 and the results were dectwed in the final report issued in
September 1999. Based on this experience withdhbrfél 705 coating, it was
recommended for the following purposes: applicabarconcrete pads for interim storage,
not subjected to intensive mechanical loading; iappbn on floors and walls of personnel
decontamination rooms; application on external nowed surfaces of floating and shore
SRW management facilities; application on extesuafaces of metal and concrete
containers for SRW storage and transportation aptication on the MPF under
development in Project 1.3

Steel Containers




There is an acute shortage of high-quality Figure 6. Steel Container

certified containers for transportation and

interim storage of SRW in Russia. To address teesinAMEC is sponsoring work on
reusable containers made of steel. A request fgpqwals for certified steel containers was
issued by the U.S. contractor in June 1999. Basdtietender results, a contract to procure
100 containers has been signed with the ZvezdoShkayard in Severodvinsk, Russia, tc
delivered to the Russian Navy this spring. Thesgaioers are intended for use as reusable
transport containers meeting IAEA and Russian G&@&mdards. The containers will be
large enough to hold seven standard 200-liter drasshown in Figure 6. The Project
Officers plan to purchase more such containersemext few years in order to develop a
self-sustaining production capability in Russia.

Concrete Containers

AMEC Project 1.4 is also sponsoring work on
single-use containers made of concrete, as sh
in Figure 7. The objective of this task is to
provide a long-term (up to 300 years) storage
handling package. It is also important that the
concrete will be durable enough to satisfy the
IAEA and Russian transport requirements for §
years.

Our Russian partners have finished the Techn
Requirements for the concrete containers and|
begun the design process. The Project Officer! =
have agreed to complete the design, and to
fabricate ten prototype concrete containers for
testing and certification. The Project Officersoals
plan to continue the work, including pilot prodwaetiof sixty more containers. Serial
production could start as early as late 2001, sétveral hundred units per year. The
production rate could ramp up to over one thousamdainers per year by 2003. This will
allow the Russian Navy to put large volumes of sadtive waste in containers and thus
minimize the spread of radiological contaminatidfth improved political and financial
stability in Russia, the Project Officers estimiduat the objective of a self-sustaining waste
storage system in northwest Russia can be accdredlisy 2003.

Figure 7. Concrete Container

Radiation Monitoring Equipment

The objective of this task is to provide and irdRalssian-made radiation monitoring
equipment that meets or exceeds all applicablei&ussgulations and is at least consistent
with Western standards for similar applications. &mample the new waste storage building
constructed by the Russian Navy at Andreeva Baybasadiation monitoring equipment or
alarms installed. This is not consistent with Raissir Western standards. Any new waste
storage buildings that might be constructed unddEL Project 1.4 will also need radiation
monitoring equipment that meets Russian regulatamus\Western standards.



Personal Protective Equipment

The authors also plan to provide Western persamaégtive equipment to protect the
workers from radioactive contamination. When thetwwdas surface contamination,
handling it may lead to contaminated dust becomirgprne. Norway delivered some
samples of personal protective equipment to thesi@ndNavy in June 1998. The Russian
Navy evaluated this equipment during 1999 and dtidtat the two most useful items are
protective/anti-contamination clothing with linifigr cold weather and multiple-use fiilee
respirators. The project will therefore providegteruse disposable equipment for a limited
test period as well as some multiple-use respiyatquipment and protective clothing in
order to test the equipment's functionality relatio present equipment. A protocol defining
the working conditions and procedures for applaratind/or decontamination will need to
be developed in Russian.

CONCLUSION

The selected technologies will serve to supportentthnce the Russian Navy's efforts to
manage their SRW. This shift of practice from bugen-air storage to an approach that
includes containerized waste placed in a faciliijhwmproved containment technology will
be a challenge given the current Russian econonity. 8 trilateral cooperation of these
projects, however, the waste will be treated anckstsafely and securely.
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