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Dear Colleagues:
EPPR has been working to improve preparedness and response capabilities to nuclear and
radiological emergencies since its inception in 1991 and conducted its first emergency
exercises focusing on response to radiological accident in 1994. The “Arctic 2010” exercise,
hosted by the Russian Federation at the Nerpa Shipyard facility in Snezhnogorsk, Russia was
a realistic simulation of a potential facility/site emergency. This exercise tested facility
responders and gave EPPR observers the valuable opportunity to witness an effective
program response. In addition, EPPR countries exercised communication channels that
would be used in case of a real and more severe accident.
Exercises provide the opportunity to validate the components of an emergency
management system that are designed to respond and act in concert during an emergency.
Personnel, from first responders to senior officials, validate their individual training;
communications equipment and procedures are tested; and information is managed in many
different ways. Exercises such as “Arctic 2010” are the most effective means of:
assessing and validating policies, plans, procedures, training, equipment,
assumptions, and interagency agreements;
clarifying roles and responsibilities;
improving interagency coordination and communication;
identifying gaps in resources;
measuring performance; and
identifying opportunities for improvement.
In addition to exercising these goals, the “Arctic 2010” exercise incorporated other EPPR
initiatives, including significant work on public communications and technical improvements
such as the NOSTRADAMUS and TRACE WIN plume model capabilities.
It is important to not only have an established system but to also routinely test different
aspects of the system in order to maintain effective emergency response capabilities. Lessons
learned from the exercise will be evaluated to highlight good practices, make improvements
to procedures and processes, as well as to create more effective training and response
programs.
EPPR invests in planning and preparing for potential accidents involving the release of
radioactive materials to improve the international emergency management system and assure
that response capabilities are effective in protecting people and the environment.
Ann Heinrich
Chair
Emergency Prevention, Preparedness and Response Working Group
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Introduction
On July 27-29, 2010, the comprehensive emergency response exercise
“Arctic 2010” took place, at the Nerpa shipyard (Nerpa SY), the main
subsidiary of the Zvezdochka Shipbuilding Center in the Russian Federation.
Nerpa was selected as the exercise venue because it is the primary facility for
nuclear submarine decommissioning activities in the Russian Federation, and
because of its mission to safely manage spent nuclear fuel and radioactive
waste.

These activities require a significant program to address nuclear

emergency management, including planning, preparedness, readiness, training,
and response. Preparedness activities, such as this comprehensive emergency
response exercise, are important tools for demonstrating the effectiveness of the
overall emergency management program.
The exercise was prepared by the specialists of Nerpa SY and the Nuclear
Safety Institute of the Russian Academy of Sciences (IBRAE RAN), in
cooperation with Murmansk State Regional Agency Department for Civil
Defense, Emergency Situations and Fire Safety (SRA CD&ES) and the Main
Department of the Ministry of the Russian Federation for Civil Defense,
Emergency Situations and Liquidation of the Consequences of Natural Disasters
(MD EMERCOM) in the Murmansk Region. The exercise was conducted in
partnership with the Emergency Prevention, Preparedness and Response Work
Group (EPPR) of the Arctic Council. EPPR representatives were invited to
observe the exercise.
Exercise planners met in 2009 and 2010 to discuss the many issues
related to the organization, preparation and conduct of the exercise. The
planners prepared a series of documents that specified the objectives, goals,
participants, and the role of each participating organization in the preparation,
organization and conduct of the exercise.
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IBRAE RAN prepared the exercise scenario in close cooperation with
Nerpa SY specialists. The scenario focused on the analysis of the facility
design basis as well as beyond design basis accidents that could occur in the
process of decommissioning nuclear submarines. The specific scenario selected
for this exercise involved a process pipeline rupture occurring while bleeding
gas from the high-pressure tanks of the degassing system of a decommissioned
nuclear submarine. . Planners calculated the expected radiation consequences
resulting from the simulated accident using

the “TRACE_WIN and

“Nostradamus” modeling software packages provided to Nerpa SY in
cooperation with EPPR. A third program, “DOZA+” was also applied. These
software packages are further described in Attachment 7.
During the exercise, the State Corporation (SC) “Rosatom" conducted
notification and information exchange about the emergency with relevant
agencies of the Russian Federation according to established procedures. In
addition, international notifications were made. The International Atomic
Energy Agency’s Incident and Emergency Centre (IEC)

and neighboring

countries were notified as part of the exercise play. The Situation Crisis Centre
(SCC) of Rosatom, located in Moscow, was the key national focal point in the
exercise. The SCC is the Operator of the Branch System for the prevention and
mitigation of emergency situations, and it functions as the National
Communications Center for performing international conventions and
agreements in this area.
The following organizations and facilities took part in the planning,
organization, and conduct of the “Arctic 2010” exercise:
Nerpa shipyard
Rosatom State Corporation (SC)
Department of Nuclear and Radiation Safety, Rosatom State Corporation
(DNRS) experts
FSUE “SCC of Rosatom”
FSUE “SevRAO”
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Murmansk Region:
o Emergency Situation Center (ESC) of the Government of the
Murmansk Region
o MD EMERCOM in the Murmansk Region
o SRA “Department for CD&ES and FS of the Murmansk Region”
o Murmansk SA DHEM
o Regional Department No. 120 of FMBA of Russia
ESC of Snezhnogorsk municipal administration
Central Medical and Sanitary Unit № 120 of the Federal Medical and
Biologic Agency (FMBA) of Russia
Centre of Hygiene and Epidemiology No. 120 of FMBA of Russia
TCC IBRAE RAN.
A.I.Burnazyan EMRDC FMBC of FMBA of Russia
Scientific Production Association "Typhoon" of Roshydromet (SPA
"Typhoon").
Observers from the Russian Federation included representatives of
Minpromtorg (Ministry of Trade and Industry), EMERCOM of Russia,
Roshydromet, United Shipbuilding Corporation (USC), JSC “Centre of
Shipbuilding “Zvezdochka”, DNRS of Rosatom, FMBA of Russia, IBRAE
RAN, FMBA Center for Hygiene and Epidemiology № 120, the Government of
the Murmansk Region, Murmansk MD EMERCOM, Murmansk SRA CD&ES.
Observers from other countries, participating through EPPR, included
representatives from the USA, Sweden, Norway, and Finland.. Under EPPR
cooperation, emergency operations centers in Canada, Sweden, Norway and
Finland and the IAEA tested notification procedures. Over 90 people
participated in and observed the exercise.

The exercise was effective in validating the planned response activities
across the many levels of participating organizations. In particular, notifications
and communications were conducted between the site, the supporting technical
centers, and the management organizations and were judged to be highly
3

effective. Some key lessons learned included suggestions to enhance safety
awareness of responders at the event scene, making a video documentary of the
response for training purposes, and enhancing the public information play
during the exercise. The EPPR observers appreciated the opportunity to view
the response actions at the scene, observe emergency managers meetings and
discussions, and participate in the after action discussions. EPPR observers took
particular note of the effective notifications process, video conferencing
capability, and the available response equipment.

1. Goals, Tasks and Organization of the “Arctic-2010”
Comprehensive Emergency Response Exercise
The Nerpa Shipyard was selected as the subject of the“Arctic-2010”
exercise, focusing on an emergency event with radiological consequences.

1.1. Main Goals of the “Arctic 2010” Exercise
Emergency

Notifications:

practice

procedures

for

emergency

notifications, the assembly and deployment of the management
organizations, forces and assets of the Murmansk territorial subsystem,
and the functional subsystem of the Russian System for Prevention and
Actions in Emergency Situations (RSES).
Emergency Consequence Assessment:

organization and conduct of

radiation surveys of the affected areas, onsite and offsite.

Analyze the

accident, forecast its evolution, and develop recommendations for
protective actions to protect people and the environment.
Protecting Onsite Personnel:

practice response activities that protect

Nerpa personnel during a radiological accident.
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Decision Making Process:

coordinate decision making on protective

actions for people and the environment using defined procedures and
processes.
Information Exchange: Apply best practices for information exchange
among and between participating organizations at all stages of the
response.

1.2. Elements to be Studied During the Exercise
These elements relate to the focus of the Arctic 2010
Exercise, highlighting areas of high interest to emergency
management planners and decision-makers.
Preparedness of the Nerpa Shipyard, scientific and technical support
centers, local and federal executive authorities to communicate, respond
and manage the emergency.
Time required for deployment of the required forces and assets, and their
organization and coordination to effectively respond to the emergency.
Timeliness and adequacy of communication at all stages and levels of the
management of the emergency.
Promptness and credibility of the radiation situation forecasts during the
simulated emergency event.
Adequacy of regulatory documents governing the response to and
management of the simulated event.
Organization and conduct of the interaction with the media.

2. Preparation and Conduct of the Exercise
The scenario for Arctic 2010 was developed based on an analysis of both
design-basis and beyond design-basis accidents that are postulated to be
possible accident scenarios that could occur in the process of dismantling
5

nuclear submarines. The selected scenario involved a process pipeline rupture
in the course of bleeding gas from the high-pressure tanks of the degassing
system at the Nerpa SY. A summarized description of the Nerpa SY, Main
subsidiary of JSC “CS “Zvezdochka,” is given in Attachment 13.

2.1. Scenario of the Arctic-2010 exercise
The exercise scenario was developed to provide a realistic validation of
the preparedness, training, and response capabilities at the site and within the
response structure of the Russian Federation.
Scenario for exercise play:
The exercise begins under normal facility operating conditions. The
vacuum tanks (total capacity of 400 l) contain a mixture of radioactive products
released in an emergency situation about 10 years ago and pressurized at 200
bar. The results of dose rate measurements (approximately 1.2 cSv/hour at a
distance of 50 cm from the centre of one of the tanks) and analysis of the
gamma-radiation spectrum show that the main radionuclide in the mixture was
85

Kr, with an activity exceeding that of

137

Cs and 60Co by 500-2000 times. Due

to the complex geometry of the sources, the actual activity of the nuclides in the
tanks is not determined. Estimates are made showing that it should exceed 5000
Ci (190 TBq).
ARMS sensors onsite trip immediately after the accident. The highest
dose rate is measured by sensor No. 10 (about 1 µSv/hour) at a distance of 170
m from the accident (see Fig. 2.1). Thus, the contamination levels are relatively
low and do not require sheltering or evacuation of the personnel.
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Fig. 2.1. ARMS sensors (yellow circles with a number of sensor) in the “Nerpa” shipyard
territory and their readings

Mechanical impact during the accident results in the injury of one of the
shipyard workers. Radiation monitoring and the need to evacuate the injured
worker are considered, as a decision must be made about balancing the risks of
exposure to rescue personnel against the need to evacuate the worker.
Review of the weather data and changes in the ARMS sensor readings
show that the radioactive cloud is drifting towards Snezhnogorsk (see Fig.2.2),
where the ARMS sensors are also triggered (Fig.2.3).
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Fig.2.2. Path of the radioactive cloud resulting from the accident (red flags)

Fig.2.3. ARMS sensors of Snezhnogorsk and their readings
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Initial assessment of the radionuclide composition of the cloud carried
out by the specialists of IBRAE RAN using the analysis of the ARMS system
readings at Nerpa SY show that the largest contribution to the activity was from
85

Kr (approximately 1000 Ci or 37 TBq), with the activities of

137

Cs and

60

Co

equal to approximately 1 Ci (37 GBq). These data are used as an input to Trace
and Nostradamus computer codes to calculate the possible on- and offsite
contamination (Fig.2.4) and the population exposure doses.

Fig.2.4. Density of radioactive contamination, Ci/km2 (37 kBq/m2).

Analysis of contamination of a roadway connecting the Nerpa SY site
with Snezhnogorsk is carried out by the specialists of the facility using a mobile
laboratory (ML). The results demonstrate that the contamination of the road is
low and no decontamination is required.
Analysis of the contamination in the vicinity of the accident is also
carried out using ML sent to Nerpa SY from the subsidiary No. 3 of FSUE
SevRAOin Sayda Bay.

9

Within approximately one-half hour after the accident, the information is
received about the change of the wind direction at the altitude of the cloud
(about 100 m). This means that a part of Murmansk is in the path of the plume.
This makes radiation monitoring in the city necessary. The monitoring is
carried out by both stationary ARMS sensors and mobile labs. (Fig.2.5.).

Fig.2.5. Monitoring of the Murmansk territory contamination using ML

Further observations show that the radioactive cloud blew over the city
and there was no contamination of the territory of Murmansk or its
surroundings.
The final stage of the exercise includes development of an action plan to
mitigate the consequences of the accident and detailed radiometric analysis of
contamination in the town of Snezhnogorsk to identify areas of possible local
contamination with elevated levels of 137Cs and 60Co contamination.

2.2. Plan of the exercise
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The exercise took place in Nerpa SY territory on July 28-29, 2010. The
actions of the participants are listed in the schedule of the comprehensive
emergency response exercise. Three stages of planned exercise activity were
carried out on July 28, 2010, with the debriefing (fourth stage) occurring on
July 29, 2010:

Stage 1. Notification and communication (information exchange)
concerning the emergency situation at the Nerpa shipyard. First priority
measures are to protect personnel and the public.
Stage 2. Organization of the management teams and interaction of the
response organizations in analyzing, forecasting, and mitigating the radiological
accident.
Stage 3. Study and analysis of the nature of the damage to the shipyard,
decision making for restoring safe conditions, and mitigation of the radiological
accident.

2.3. Preparation for the exercise
Preparing for the Arctic-2010 comprehensive emergency response
exercise included the following actions by exercise planners and staff:
Develop the procedure of notification about the simulated accident at the
facility, local, regional and federal levels. Develop texts of transferred
messages and identify the means of their transfer;
Coordinate and obtain approvals for the scenario, plan and the procedure
of notification with the interested exercise participants.
Coordinate with all the appropriate regional third-party organizations,
situation and crisis centers, Rosprom’s divisions, State Corporation
Rosatom, and other potential recipients of information about the accident.
Organize exercise logistics, including ensuring the rooms and equipment
used in the exercise are ready.
Issue the order of the facility assigning personnel of Nerpa SY to
participate in training and emergency response exercise activities.
Familiarize exercise participants with the goals and tasks of the exercise,
as well as the personal roles and actions of each of the participants during
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the exercise. Develop texts of information messages about the simulated
accident to be used in the exercise.
Specialists of IBRAE RAN trained 5 new specialists of Nerpa SY in the
operation of software and hardware to be used in the exercise.
Carry out preliminary training, including practicing notification
procedures, including the text of messages and their communication as
well as testing communication channels between the accident participants.
Conduct a general rehearsal of the exercise, including drills for the actions
of the Nerpa SY ESC (Emergency Team) and the first-priority actions of
the Nerpa SY personnel for responding to and mitigating the accident.
Inform the population and local media at all stages of the preparation for
the exercise, including communication of the results of drills and the
general rehearsal.
Form working teams of observers and experts from third-party
organizations to participate in the exercise.
Manage access for all the participants of the exercise, observers and
experts of third-party organizations to the site, and provide logistical needs
for all participants in the process of the exercise.

3. Conduct of the Arctic-2010 exercise
3.1. Forces and assets engaged in the exercise
Representatives of the following organizations and facilities took part in
the Arctic-2010 exercise.
A) Main Subsidiary of JSC CS Zvezdochka - Nerpa Shipyard:
Management of the exercise:
–

Director of the Main Subsidiary Nerpa SY;

–

Chief Engineer – Chairman of ESC;

–

Assistant to the Director on Security – Head of Security department;

–

Head of Civil Defense and Emergency Services (CD&ES);

–

Head of CD&ES, HQ;

–

Head of Division of Nuclear and Radiation Safety (DNRS);

–

Deputy Head of DNRS;

–

Head of Power Unit;
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–

Deputy Head of Production Division;

–

Head of On-duty Dispatcher Service;

–

Head of Public Order Service;

–

Analytical team – experts of Nerpa SY.

Irregular Emergency and Rescue Teams (IERT) of Nerpa SY:
1) Radiation and Chemical Surveillance (RCS) Team:
- Head of the team - one man;
- Three RCR units of three people,
- Mobile Lab (ML) based on a “Gazelle” van – three people;
2) Radiation post at the checkpoints No. 1 and No. 11 – two people;
3) Territory decontamination unit of four people.
4) Personnel sanitary airlock manned by three people.
IERT Equipment: protective suit L-1, filtering gas mask GP-7, individual
first aid kits AI-2, radiation surveillance equipment, territory delineation marks,
mobile communications.
5) On-duty dispatcher service manned by three people.
Communications:
- Facility telephone lines, on-duty dispatcher communication;
- Notification (loudspeaker) system of the facility;
- Radio stations, portable and stationary telephones;
- Videoconference communication between the emergency response
participants.

B) ESC of Snezhnogorsk:
1) Unified on-duty dispatcher service;
2) Department of CD&ES of ZATO Aleksandrovsk of Snezhnogorsk

C) ZATO Aleksandrovsk of Snezhnogorsk:
13

1) Regional department No. 120 of FMBA of Russia;
2) Central Medical and Sanitary Unit No. 120 of FMBA of Russia;
3) Centre of Hygiene and Epidemiology No. 120 of FMBA of Russia.

D) Murmansk Region:
1) Administration and the Government of the Murmansk Region;
2) ESC and FS of the Murmansk Region;
3) MD EMERCOM in the Murmansk Region;
4) SRA Department for CD&ES and FS of the Murmansk Region;
5) Murmansk SA DHEM;

E) State Corporation Rosatom:
1) NRS Department;
2) FSUE SCC of Rosatom;
3) FSUE SevRAO.

F) A.I.Burnazyan EMRDC FMBC of FMBA of Russia

G) SPA Typhoon of Roshydromet

H) Technical support centre (TSC) IBRAE RAN:
1) On-duty operations expert;
2) Expert team;
3) Technical support team.

3.2. Event History
The exercise was conducted in four stages in the territory of the main
subsidiary of JSC CS Zvezdochka – Nerpa SY on July 28 through 29, 2010. A
decision was made to carry out the actions of all exercise participants at all
14

levels in a real time mode. The participating levels included the facility (facility
ESC, rescue teams from the simulated contaminated territory), local responders
(Snezhnogorsk), regional responders (facilities and organizations of the
Murmansk Region), federal responders (State Corporation Rosatom, FMBA of
Russia, SPA Typhoon, RAS) and international participants (communication
with IAEA experts, Arctic adjacent countries). The exercise took place
simultaneously at several sites, which allowed for a more realistic simulation of
the actions of all participants of the exercise in conditions as close to real as
possible.

First day of the exercise – 28 July, 2010
As of 10:00 on 28 July, 2010, Nerpa personnel were performing
scheduled activities to bleed gas from the high-pressure tanks of the degassing
(vacuumization) system for decommissioned nuclear submarines at the Pier No.
3 (Fig 3.1). Forces and assets of the emergency rescue service were provided a
30 minute Exercise Window notification to be ready to mitigate a possible
emergency situation.

Fig. 3.1. Decommissioned NS at the pier No. 3
15

Most of the observers had arrived at pier No.3 to oversee the actions of
the rescuers and emergency response actions (Fig 3.2.)

Fig. 3.2. Russian and foreign observers at the observation point to observe the pier No. 3

Activities at Nerpa SY were displayed on a monitor installed in one of the
meeting rooms, allowing other observers and most participants of the exercise
to view the activities at Nerpa SY.

Fig. 3.3. From video image of pier No. 3 in the experts and observers working room
16

A process pipeline rupture was simulated at 11:25 during scheduled
hazardous operations involving radiological material. The simulated operation
was to bleed gas from the high-pressure tanks of the degassing system of the
decommissioned nuclear submarine . As a result, there was a simulated rapid
increase of gamma dose rate in the work compartment. The Arctic-2010
comprehensive emergency response exercise was officially started at this point.
ARMS sensors in the shipyard territory nearest to the accident location tripped
immediately after the accident (fig. 3.4). The maximum value of the dose rate at
Sensor 10, which was nearest to the accident location, reached 82 µR/hour.

Fig. 3.4. Trip of sensors of the Nerpa SY ARMS

The Head of Operations at the decommissioned submarine carried out the
initial response and reported to the shift supervisor of the facility at 11:27 (in 2
minutes after initiation of the emergency situation): “A process pipeline was
ruptured during scheduled radiologically hazardous works on bleeding gas
from the high-pressure tanks of the degassing system of DNS in the vicinity of
pier No. 3. The vacuum system (total capacity 400 l) contained a mixture of
radioactive products released in an emergency situation 10 years ago and
pressurized at 200 bar. I am observing a rapid increase of gamma dose rate in
the compartment. There is 1 injured worker. Details will be further reported”.
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The head of the shift (responsible for bleeding the gases from the tanks)
immediately reported to the on-duty dispatcher and the chief engineer about the
event and performed the initial characterization of the accident. He began
radiation surveillance procedures and established radio communication between
the accident location and the On-Duty Dispatcher Service. Three workers
carrying out reloading works were present in the accident area at the moment of
the exercise, and one of them was injured in the process.
The management of the facility was notified. The local notification
system was activated to give the emergency warning “Attention, everyone!”
The Head of the facility ordered the announcement of the emergency warning
“Radiation Hazard” at the Nerpa SY, and ordered notification of the ESC
members, regional and industry bodies in accordance with the notification
procedure. Some of the Nerpa SY personnel were sheltered in place (by
simulation). The initial response was carried out at the plant (also by
simulation).
The director of the plant, upon receiving the report from the on-duty
dispatcher of the plant at 11:40 reported the hazard (forecast) to the ESC
chairman of Snezhnogorsk, On-Duty Dispatcher Service

of OJSC CS

Zvezdochka using all available means of communications. The ESC chairman
of the town carried out notifications in accordance with the procedure.
The ESC of Nerpa SY assembled and started work at 11:45 (Fig. 3.5).
The ESC chairman ordered the radiation surveillance (RS) team to assess the
radiation situation in the accident area.
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Fig. 3.5. Start of work of Nerpa SY ESC

The radiation surveillance team moved from the mounting shop to the
Pier No. 3 at 11:50. Measurements were performed at the pavement of the road
leading to Pier No. 3, four pontoons of Pier No. 3, and the superstructure and
compartments of the decommissioned nuclear submarine. One of the dosemetering specialists performed gamma-radiation dose rate measurements along
the route (Fig. 3.6), while the other one measured surface contamination. The
head of the team recorded the measurement results and communicated with
ESC. The specialist of the engineering shop marked off the accident area with
signaling posts and tape.
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Fig. 3.6. Radiation surveillance in the accident area

Examination of the pavement of the road leading to Pier No. 3 revealed
that a patch of the road at the pier had surface contamination above acceptable
levels for a controlled area. The boundaries of the contaminated area were
marked off by metal posts, signal polyethylene tape and radiation hazard signs.
Radiation measurements at the four pontoons of the Pier No. 3 showed
that the pontoons were contaminated with a density in the range of 0.2-2
kBq/cm2. The Gamma-radiation dose rate at the pontoons was in the range of
0.01-0.04 mSv/h.
The Nerpa SY ESC chairman decided to evacuate the decommissioning
work force from the hazardous area between 11:50 and 12:00. The Radiation
and Chemical Surveillance (RCS) unit of the Snezhnogorsk town administration
set up permanent monitoring of the radiation environment within the town using
the ARMS system data (fig. 3.7).
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Fig. 3.7. ARMS sensors of Snezhnogorsk and their readings

Radiation measurements at the decommissioned nuclear submarine
topside showed contamination with a density in the range of 0.2-2 kBq/cm2, and
gamma-radiation dose rate in the range of 0.01-0.04 mSv/h.
Radiation measurements at the central compartment and the compartment
next to the reactor showed contamination with a density in the range of 0.02-2
kBq/cm2, and gamma-radiation dose rate in the range of 0.01-0.04 mSv/h. The
civil crew and workers evacuated from the reactor compartment were located in
these compartments. The injured worker was preliminarily diagnosed with a leg
fracture.
Responders carried out an urgent radiation survey of the reactor
compartment. Contamination density was 20 kBq/cm2; gamma-radiation dose
rate reached 0.35 mSv/h. Specialists of the engineering shop identified the cause
of the radiation accident (rupture of a technological pipeline, bleeding of the
high-pressure gas from the tanks of the vacuuming system) and the condition of
the vacuuming system (pressure gauges at the tanks showed zero pressure, i.e.
21

all the gas has been bled down). The results of the radiation surveillance were
reported to the head of DNRS of Nerpa SY by radio communication.
The team completed the measurements, returned to the mounting shop,
carried out decontamination of individual protection equipment and
instruments, packed them in kraft sacks, and placed them in solid radioactive
waste (SRW) containers. The team subsequently underwent sanitary treatment
at the sanitary checkpoint of the mounting shop.
The Head of the CD&ES service of the facility sent the IERT to the
accident area to evacuate the injured worker at 12:05. Two rescuers of the team
entered the central compartment, where they examined the injured worker and
carried out first aid actions. The injured worker was given painkillers, a gas
mask, and his leg was immobilized by a splint. The injured worker was lifted
from the central compartment of the decommissioned nuclear submarine using a
life belt and with the help of the civil crew. He was then evacuated to the
sanitary checkpoint of the mounting shop using a stretcher (Fig 3.8) and
transferred to the ambulance of the Central Medical and Sanitary Unit No. 120.
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Fig. 3.8. Evacuation of the injured worker from the accident area

12:10. Radiation surveillance teams of the shipyard DNRS continued
their assessment of the radiological situation near the affected nuclear
submarine, at the shipyard site, and on the road from Nerpa to Snezhnogorsk.
Having received the report of the shipyard on-duty dispatcher, the
Snezhnogorsk department of the Murmansk MD EMERCOM immediately
reported the accident to the On-Duty Expert of Murmansk MD EMERCOM and
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directed the Unified Dispatcher Service to summon the MD EMERCOM staff.
The management of the Central Medical and Sanitary Unit No. 120 (CMSU120) was also notified, who in turn notified the Regional Department No. 120
(RD-120), Centre of Hygiene and Epidemiology No. 120 (CHE-120), and
Emergency Medical Radiation and Dosimetric Centre (EMRDC) of
A.I.Burnazyan FMBC. The actions of the FMBA organizations are described in
detail in Attachment 1 to this report.
Requests for support were sent to the SRA Department of Civil Defense,
Emergency Situations and Fire Safety of the Murmansk Region, MD of
EMERCOM of Russia in the Murmansk Region; Murmansk Department of
Roshydromet and TCC IBRAE RAN. Detailed reports on the activities of the
specialists of these organizations during the Arctic-2010 comprehensive
emergency response exercise are given in the Attachments 2, 4, and 6 of this
report.
By 12:15 the NRS division of the SY had performed an analysis of the
radiation situation at the decommissioned submarine and at its stowage area,
taking into account the requirements for response operations in a radioactive
environment and the condition of the technological system.
TCC IBRAE RAN provided their preliminary assessment of the released
activity and a forecast of the potential population contamination doses by e-mail
and during a videoconferencing session (details are provided in Attachment 6).
Emergency response actions were taken at the shipyard based on the
latest data on radiation levels.
An ambulance was sent from Snezhnogorsk to Nerpa SY to evacuate the
injured worker (details in the Attachment 1).
The ML of subsidiary No. 3 of FSUE SevRAO (Saida Bay) arrived at SY
and reported the radiation situation along the road from Saida Bay to the Nerpa
SY (details in the Attachment 5 to the report).
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Emergency response actions were carried out in Snezhnogorsk, with
participation of the forces and assets of the local emergency response system
and FMBA bodies.
Radiation surveillance, consequence assessment, analysis and forecast of
the situation evolution were carried out.
A formal report was sent to the SCC of Rosatom for notifying the IAEA.
A copy of the report was dispatched to the Government of the Murmansk
Region (via the Situation Centre). The Emergency Centers conferred by
videconference to reach consensus on the evaluation of the results of all data
and a decision was made regarding protective actions to be taken.

These

decisions were then communicated throughout the participating organizations.
The media team prepared press releases and simulated their release.
The mobile system of MD EMERCOM in the Murmansk Region arrived
at the site at 12:45.
After receiving recommendations from TCC IBRAE RAN, Nerpa SY
made a decision on rating the event as Level 1 (incident) according to the INES
scale. Murmansk MD EMERCOM, Monitoring and Forecasting Centre of SRA
CD&ES informed the Situation Centre of the Government of the Murmansk
Region on the decision of Nerpa ESC on event rating according to INES scale.
Details of the analysis and decision for the Final INES rating are found in
Attachment 6, Participation of TCC IBRAE RAN in the Exercise “Arctic2010.”
The chairman of the ESC of the Murmansk Region directed a request be
sent to SPA Typhoon to assess the transboundary transfer of contaminants.
The ESC of the Government of the Murmansk Region assembled in
Murmansk. Management and functional subsystems of the Russian System for
Prevention and Actions in Emergency Situations (RSES) began operations in
the “Emergency Mode”.
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All technical support centers of Moscow and the Monitoring and
Forecasting Centre of SRA CD&ES made updates of the situation and forecasts
of its evolution, and prepared recommendations for protecting the population
and territory. Operative data exchange and expert consultations were carried
out within and between the response centers.
The Chairman of Murmansk ESC, after consulting the technical experts,
prepared a decision on the protection of the population and environment in
accordance with the results of the radiation survey. The Governor approved the
decision and informed the population.
Response forces and assets of the emergency and rescue team of Nerpa
SY and other exercise participants were demonstrated during the exercise. (Fig.
3.9 - 3.12).

Fig. 3.9. Observers and experts head for equipment demonstration
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Fig. 3.10. Participants of the exercise of Nerpa SY

Fig. 3.11. Fire-fighting unit at the demonstration pad

A videoconference was held with CC MD EMERCOM in the Murmansk
Region and the National Crisis Situation Management Center of EMERCOM of
Russia using the mobile station of MD EMERCOM of Russia in the Murmansk
Region.
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Fig. 3.12. Operative team of the MD EMERCOM of Russia in the Murmansk Region at the
demonstration pad

The ESC at 14:05 ordered the equipment and territory decontamination
team to deploy to Pier No.3 and begin decontamination of the pier pontoons and
the DNS topside. Two people applied a foam of decontaminating compound
using a manual industrial ejector. Two more responders brushed the
contaminated surfaces. The surfaces were then dried with cloth, which was
subsequently packed in kraft sacks. The sacks were then disposed of in SRW
containers.
Murmansk Region authorities reported the information about the ESC
decisions to the media (details are in Attachment 11). At 15:00 the message was
distributed among the media by simulation (received by exercise participants at
15:08-15:15).
All response forces and assets returned to stand-by mode.
End of Part 1 (first three stages) of the exercise – 17:00.

3.3. Debriefing of the exercise, July 29, 2010
Exercise participants conducted a debriefing following the exercise to
capture the observations and analysis from all participants and observers. The
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debriefing was facilitated by an effective videoconferencing system that linked
participants at several sites. The debriefing focused upon an analysis of the
quality and timeliness of the response activities by the management and the
emergency teams involved in the exercise, as well as comments and
observations by experts and invited observers.

The participants in the

debriefing identified positive aspects of the organization and conduct of the
exercise, as well as recommendations for improvement of the response
activities. (Fig. 3.13).

Fig. 3.13. Debriefing of the exercise on July 29, 2010

On the whole, the radiation surveillance team, emergency and rescue
team, and equipment and territory decontamination team of Nerpa SY
demonstrated a high level of training; their actions in a simulated accident were
viewed as coordinated, competent and prompt. The identified findings included:
- The dose metering teams used obsolete radiation monitoring instruments
(manufactured in the 1980s), which do not allow saving the measurement
results and thus require time for manual recording. Also the instruments did not
have the capability to measure alpha-radiation, which was required in the
conditions of the simulated accident.
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- Only TLD dosimeters were used in emergency response actions; these
instruments do not allow monitoring of the exposure dose during radiation
surveillance of the emergency area. Direct reading dosimeters also need to be
used.
- A mobile phone is difficult to use for communication with the ESC
while wearing protective overalls, compact radios need to be used;
- Team members did not have torch lights, while emergency situations at
DNS usually lead to the loss of electric power;
- Heavy posts made of steel were used to mark off the contaminated area.
Standard territory delimitation kits need to be used.
- Evacuation of the injured worker from the compartment presented some
difficulties. The injured worker was lifted manually using a life belt from the
central compartment to the superstructure by several people. In the case of, for
example, a spinal injury, the evacuation would require the use of stretchers to
immobilize the victim, thus making the task even more difficult.

Portable

equipment and a winch need to be used;
- A manual industrial ejector of an obsolete design and insufficient
production capacity was used in deactivation operations;
- The use of cloth for absorbing the spent decontamination compound
extended the decontamination time and led to generation of a significant volume
of RW;
- The deactivation team did not have radios; all the actions of the team
were reported to ESC from the mounting shop using a mobile phone. This was
inefficient.
Observers representing EMRDC (two people) worked at the exercise to
assess its progress and consult on medical and sanitary issues. The observers
noted that the exercise was well organized. The actions of RD-120 and CMSU120 were assessed as timely and effective. The medical units were deployed
within the minimum possible timeframes. Good interaction of the emergency
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units of the facility and CMSU-120 was noted. First aid was delivered to the
injured worker in full scope and in accordance with the instructions and
standards of FMBA of Russia. RD-120 practiced notification and informational
interaction with FMBA of Russia and EMRDC, and the procedures of radiation
situation assessment and identification of the allowed and necessary excess
exposure to effect rescue. It was noted that increasing the preparedness of local
medical personnel and the development of the system of expert and analytical
support by FMBA emergency centers in remote locations, such as
Snezhnogorsk, are important components of the system of medical response. It
needs to be stressed that in the future, in the process of preparation and
organization of such exercises, medical and hygiene experts should take part in
both the development of the scenario and the formulation of the medical and
sanitary tasks as well as the practical application of the response actions of
medical units. This, in turn, allows practicing comprehensive solutions for
protecting personnel and population jointly by all the participants of the
emergency response.
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4. Results of the “Arctic-2010” exercise
The procedure for emergency notifications at the facility, local, regional,
branch, federal, and international levels was successfully trained and
demonstrated during the preparation and conduct of the "Arctic-2010” exercise
at the Main subsidiary of JSC CS Zvezdochka – Nerpa SY.
The procedure for mobilizing forces and assets of the DNRS and CD&ES
service emergency teams of Nerpa SY was successfully applied in the area of
the simulated accident, along with activating emergency team members, their
assembly, and the initiation of counter-emergency response actions.
The exercise also provided successful training for:
Actions of Nerpa SY emergency and rescue teams on interaction with
other participants of the counter-emergency response;
Actions of SC Rosatom emergency and rescue teams, and organization of
their interaction with emergency and rescue teams of other interested
ministries and agencies.
The procedures for interagency coordination of the actions of Rosatom’s
management, forces, and resources to mitigate accident consequences.
Actions of the management and ES commission of the facility, and
decision-making on announcing the plan of measures for protection of
personnel in case of an accident at Nerpa SY.
Actions of the expert teams of the facility and the technical support centers
on the assessment of the emergency situation and its possible
consequences by organizing direct video conferences between the teams at
Nerpa SY, in Murmansk, Obninsk, and Moscow.
Notification and transfer of information about the emergency situation at
Nerpa SY to the competent authorities of the Russian Federation and
IAEA, as well as regulatory and supervision bodies in the field of nuclear
safety of the neighboring countries. Exercise notifications to Norway,
Sweden and Finland were also carried out.
The analysis of the exercise Arctic-2010 performed by the experts of
BESC of SC Rosatom, TCC IBRAE RAN, EMRDC, SPA Typhoon supports
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the conclusion that the planning, preparation, and organization of the practical
part of the exercise was realized at a high level. The goals of the Arctic-2010
comprehensive emergency exercise were reached, and the training tasks were
completed fully and in a quality manner.
At the same time, the observers and experts noted the insufficient scope
of operational information from the exercise area available to the exercise
participants, and thus the potential of the ET of Branch Emergency Situation
Commission (BESC) of the State Corporation (SC) Rosatom and other experts
to fully analyze and elaborate upon proposals for the Head of the accident
mitigation could not be fully utilized.
It is advisable to use the video materials filmed during the exercise and
the videoconference records of the SCC of Rosatom to make a training film
based on the exercise activites at Nerpa and at FSUE SeVRAOto highlight the
radiological response system in the framework of RSES – BESC of SC
Rosatom.
The use of real-time video and videoconferencing during the exercise was
found to be extremely valuable for the development of information support
technologies used by experts of BESC of Rosatom and the accident mitigation
headquarters.
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5. Assessment of the “Arctic-2010” exercise by its participants,
foreign and Russian observers
The observers and immediate participants of the exercise participated in a
review and discussion of the exercise on July 29, 2010. Observers and exercise
participants gave high appraisal to the preparation, organization and conduct of
the exercise. They also made a number of critical remarks regarding
modernization of the system of emergency response to radiological emergencies
at facility, local, regional, federal and international levels. Summary of the
remarks at the debriefing meeting is given below.

J. Krol (USA, DOE): I would like to note that
communication about the accident was in accordance
with procedures. The rate of deployment of emergency
response forces and assets at the accident location was
good.
Territorial emergency response bodies have
excellent forces and assets. The body in the US with similar functions to
EMERCOM is FEMA which does not have such personnel or equipment. But
the agency does provide money to help in case of an accident. The available
forces and assets for emergency response at Nerpa Shipyard have impressed me.
A critical remark. We in the US have a big problem with prompt arrival
of the medical personnel at the accident location and delivering aid to the
injured. We saw at the exercise that evacuation of the injured also required
sufficient time. The actions on measurement of the radiation situation during the
exercise were adequate. At the time, when it was clear that the dose was not
lethal, efforts should have been concentrated on aiding the injured and evacuate
him as quickly as possible.
V. McClelland (USA, DOE): The exercise was a
successful one. Emergency communications were well
organized. Notification of the international organizations
and neighboring countries was prompt and efficient. I can
give a positive rating to the actions of the chief engineer
upon receiving the information about the accident, as
well as in conducting the continuing process of
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coordinating the response. The chief engineer controlled the information flow
and provided information clarification.
This was a very good exercise. I thank you for organization of our
participation.
I would also like to take note of the actions at the initial stage, including
radiation surveillance. I would recommend deploying additional forces,
personnel at the perimeter of the accident area.
Nerpa SY has obtained good experience in preparation and conduct of
this exercise.
А. М. Agapov (Russian Federation, State
Corporation Rosatom). I would start with a joke that it
is very good that everyone is alive after the exercise.
Speaking seriously, great attention is paid to the safety of
the personnel at the shipyard and the exercise
demonstrated it. And this is the first result of the exercise.
During the international exercise “GROM-95” in
1995, where 12 countries participated, the procedures of notification about the
emergency situations in accordance with the Convention were practiced. At that
time a fax that was sent and received was perceived as a success. Now we are
using multipoint videoconferencing and it does not surprise anyone. And this is
the second success of the exercise.
Responsibility of SCC of Rosatom as a national notification body is
transfer of reliable information. I had a telephone conversation with SCC about
the need to have a videoconference with IAEA. At first, the IAEA Crisis Centre
declined as everyone was on a vacation, but this problem was resolved and we
had a conference session. I would like to stress that international participation is
the third success of this exercise.
Interaction of various federal executive bodies in an emergency
condition, which was simulated at Nerpa SY was at a good level. Good
understanding of the actions required to mitigate the accident was demonstrated.
According to the Russian legislation, the director of the facility is
responsible for emergency response at the facility. The two units that shall have
continuous interaction with the facility are fire and medical services. Use of
other units requires special training. Preparedness is a key factor. MD
EMERCOM in the Murmansk Region has verified the preparedness of its forces
and assets during the exercise.
Critical remarks:
 I wish all specialists to pay more attention to nuclear and radiation
safety. We have experience of response to the Chernobyl accident and
to the accident in Chazhma Bay. We could have selected a more
serious accident for the exercise scenario, which would allow
demonstration of the required actions of all organizations.
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I do not recall the actions of the personnel on decontamination during
passing from one area to another. There were no locks for the
personnel and the injured. At least, the observers did not see this. It is
understandable, that this was beyond the framework of the exercise
scenario. However, I would like to see practical application of such
actions at such large exercises.
 I saw shipyard personnel running in heavy protective overalls. This is
very dangerous. People may overheat and get a heat stroke. Personnel
need to be specially trained to move in such overalls.

I.A. Ossipyants (Russian Federation, IBRAE RAN).
Our structure of interaction with federal executive
authorities requires changes in the part of informing about
the emergency situation. For example, Ministry of
Industry and Trade is responsible for notifying
EMERCOM. This is, of course, correct. However, SCC of
Rosatom is a national notification point according to the
resolution of the Government of the Russian Federation. This means that SC
Rosatom needs to be informed in any case. And such work on changing the
communication procedure shall be started in Russia.
Regarding public communication, yesterday listening to the press-release
prepared by the Government of the Murmansk Region I thought that in a real
situation I would have been frightened by such a message, if I was a member of
the general public. On the other hand, Nerpa SY prepared a very good message
for the population.
L.G. Shpinkova (Russian Federation, IBRAE
RAN). Extensive experience of IBRAE RAN could be
used to organize special courses/training on the issues of
public communication in emergency situations.

I.A. Veselov (Russian Federation, EMERCOM).
Goals and objectives of the exercise were reached. I
would like to thank Nerpa SY and IBRAE RAN for the
preparation of the exercise. It was carried out in the
framework of activities of EPPR. I would like to ask both
the Russian and the American sides to continue work on
preparation and conduct of exercises in the future. EMERCOM will take an
active part in this work.
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Proposals for the future – we would like to see in the scenario the
following issues:
o Risk assessment and possible evolution of the emergency
situation.
o Scenarios in 3D (as done by EMERCOM). It is useful for
decision-making.
The actions of EMERCOM structures during the exercise were appraised
positively and this will be reported at the ministry.
G. Frolov (Russian Federation, FMBA). It should be
noted that doctors cannot work in an elevated radiation
background (20 µSv/h). There is a medical worker at the
facility, and in severe cases the injured are attended by the
medic without decontamination. In the exercise, the injury
was not heavy, and therefore the worker received the
required sanitary treatment.
FMBA of Russia is a regulatory body. The regulatory functions did not
receive sufficient attention in the exercise. Interaction with FMBA of Russia
shall be practiced in such exercises.
Radiation surveillance performed by various organizations may obtain
different data. The function of the regulator is to bring these data into
conformance. Medical workers should take part in development of the medical
scenario.
The population needs to be informed about the exercise a month in
advance. Medical workers shall also take part in preparation of the public
messages, as the level of trust in medical workers is higher than in the workers
of SC Rosatom.
A.V. Gorbunov (Russian Federation, Director of
Nerpa SY)
Comments to the previous speaker:
 The level of trust is a controversial issue.
 Information about the exercise was widely
distributed in the Murmansk Region. The information was
on the local television (news ticker) and at the shipyard
checkpoint.
A.Heinrich (USA, DOE): I would like to stress the
importance of the exercise for the Arctic Council and the
EPPR. Within EPPR we share experience and gain a lot in
exchanging opinions as we do today. Discussion of the
exercise will be included in the agenda of the next EPPR
meeting. The report will be presented at the Ministerial
meeting in May 2011.
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M. Eykelman (Norway, NRPA). It is very important
for us, the residents of neighboring countries, to
participate in such exercises.
I will join the comments regarding the ambulance
and the sanitary checkpoint.
I would like to take note of the equipment of MD
EMERCOM in the Murmansk Region – they have a
special vehicle for radiation surveillance.
NRPA was informed about the accident within 1 hour via bilateral
channels and slightly later via IAEA. The message contained sufficient
information.
I would like to propose for the next exercise simulating an accident with
release of radioactivity beyond the site limits and beyond the border of the
Russian Federation.
Y. Lindgren (Sweden, SRSA) I am satisfied that the
emergency response procedures are in place and there is
interaction between the participants of emergency
response. The communication was well organized. We
interact only with SC Rosatom in Moscow, therefore it is
important that the information reaches SC Rosatom as
soon as possible. We received the information about the
exercise via the bilateral channel 32 minutes faster, than from the IAEA.
Videoconferencing communication was applied very naturally. We also
liked to see public communication. I would like to support the organization of
training in public communication.
A.V. Kazakov (Russian Federation, Head of the
Central medical and sanitary unit No. 120 of FMBA of
Russia). The ambulance arrived at the site in 7 minutes
after receiving the signal. Medical workers can start
working after decontamination of the injured person. We
did not have delays here. The sanitary treatment took
place, but there were no observers there, so they could not watch it. A comment
for the future: the observers should be divided into several teams and move
separately to view various elements of the exercise.
By 13:00 we had clear instructions on population protection from the
regulatory body.
D. Solatie (Finland, STUK) 3 notifications were
received in Finland: 2 from SC Rosatom and 1 from the
IAEA. We would like to have the data of real
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measurements, which were performed according to my information.
On my return I will report about a very high level of safety at your site.
I liked the fact that models were used to calculate the dispersion and
spreading of radionuclides.
O.A. Pavlovskiy (Russian Federation, IBRAE
RAN). There are two procedures to conduct such
exercises. In the first one the events are separated by time
breaks and the observers can view all the separate stages
of the exercise in various locations stage by stage. In the
second one all the stages of the exercise happen in the
order and at locations they should happen in a real
situation, while the observers would have to split in groups to view the overall
exercise.
The second procedure was selected for the “Arctic-2010” exercise. It is of
course connected with some difficulties for the observers, as they noted;
however, this procedure allows demonstration of the dynamics of real
interaction between the participants of events of such scale.
One of the drawbacks I noted was a large number of two-point
videoconferencing sessions, with management of Nerpa SY ESC having to
repeat the same information. To address this finding, wide use of multipoint
sessions shall be considered in organization of such exercises.
Many questions were asked as to why the accident scenario had such a
small level of radiological consequences. I can answer that the IBRAE RAN
experts and the representatives of Nerpa SY took considerable time to select a
scenario, which first could have actually happened at the shipyard and would at
the same time require minimum involvement of off-site emergency responders.
However considering the above comments and suggestions, it is worthwhile to
think of using a more serious radiation incident for the scenario of such
exercises in the future.

R.E. Rimdenok (Russian Federation, Chief
Engineer of Nerpa SY) ESC assembled today at 8:30.
ESC members made comments on the exercise before the
arrival of observers.
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We will hold our own exercises with radiological factor annually.
Interest in the exercise in Aleksandrovsk ZATO is very high. I gave an
interview in the morning today before arrival at the shipyard. A newspaper is
published in ZATO, and every single issue had information about the exercise.
Also the information was published in regional media.
All the comments made, as well as our own observations will be
compiled in a single list and all will be addressed. I have invited the
commission members here for them to listen to your comments.

40

Attachment 1.
Participation of FMBA of Russia Organizations
in the Exercise Arctic-2010

The following organizations of FMBA of Russia took part in the Arctic2010 exercise on July 28-29, 2010: Regional Department No. 120 (RD-120),
Centre of Hygiene and Epidemiology No. 120 (CHE-120), Central Medical and
Sanitary unit No. 120 (CMSU-120), and Emergency Medical Radiation and
Dosimetry Centre (EMRDC) of A.I.Burnazyan FMBC. Specialists of EMRDC,
who participated in the exercise as observers, worked in cooperation with RD120 and CMSU-120. Operational information exchange was carried out
between FMBA of Russia, EMRDC, CMSU-120, RD-120 and CHE-120. The
organization and conduct of medical and sanitary actions during the exercise
demonstrated the importance of combining practical application of the skills and
expert support by the leading specialists. The response actions of RD-120,
CMSU-120 and EMRDC were conducted in real time mode. It should be
stressed that the organization of the emergency response by the organizations of
FMBA of Russia was performed in accordance with the in-force standards and
regulations. A territorial commission of FMBA of Russia was organized at RD120 and CMSU-120. The timeframes for reporting to the operative services of
FMBA of Russia and EMRDC were observed. EMRDC experts implemented
simultaneous support of the work of organizations of FMBA of Russia, working
in a close cooperation with the specialists of IBRAE RAN and SPA Typhoon.
The principles of the stage-by-stage provision of medical aid were
implemented and practiced during the exercise. Organization of response
operations of the health post and the arrival and deployment of the ambulance
brigade by CMSU-120 were performed with support from the services of the
facility, thus ensuring safe work of the medical personal and transfer of the
injured to the hospital in a timely manner. Practical actions to bring the
41

radiological brigade into a preparedness condition and deployment of the field
hospital were carried out at CMSU-120. Organization of sanitary checkpoints at
CMSU-120 and radiometric monitoring were performed by the specialists of
CHE-120.
The Event history of the participation of FMBA of Russia organizations
in the “Arctic-2010” exercise on 28.07.2010 is given below (Moscow time).
11:29. The facility dispatcher informs RD-120 and CMSU-120 about the
accident. According to the dose metering service of Nerpa SY, a rapid increase
of gamma-radiation dose rate to 35 mR/h (0.35 mSv/h) was observed in the
DNS compartment.
11:32. Head of CMSU-120 orders to bring the forces and assets of
CMSU-120 into an elevated preparedness condition, assemble the ESC of
CMSU-120 and the radiological brigade, and deploy a field radiological
hospital for treatment of the injured. An order is issued to bring the ambulance
brigade into a stand-by condition for evacuation of the injured to the hospital of
CMSU-120. For this purpose the rooms of the infection section of CMSU-120
hospital will be reorganized as the radiological section.
11:35. Information is received about one worker injured as a result of the
accident. The injured worker had an arm injury and a thigh fracture. Presence or
absence of radiation injuries yet remains unknown. Comprehensives measures
on the provision of medical aid to the injured are organized. An order to deploy
health post No. 1 at Nerpa SY is issued. Head of CMSU-120 reports about
preparedness of the ambulance to provide medical aid and transport the injured
to CMSU.
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Fig. A1.1. Chief of CMSU-120 of FMBA of Russia A.V.Kazakov instructs the medical
personnel

11:35. Head of Ambulance Division of the CMSU-120 prepares two
paramedics and an ambulance for departure to the accident location. The
brigade is ordered to keep to the marked safe routes on the shipyard site.

Fig. A1.2. Head of CMSU-120 of FMBA of Russia S.A.Baulin instructs the medical
personnel

11:35-11:40. RD-120 and CSMU-120 send preliminary urgent reports
about the radiation accident to FMBA of Russia and EMRDC.
11:45-12.25 An ambulance arrives at Nerpa SY at the indicated “clean”
area to receive the injured worker. Medical first aid is provided, including the
issue of painkillers and the immobilization of extremities using transport splints.
The injured worker is transported to the radiological hospital of CSMU-120.
The diagnosis is verified and a medical examination is carried out.
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Fig. A1.3. Ambulance of CSMU-120 moves to the distribution pad

Fig. A1.4. Medical personnel of the ambulance carries out priority measures to stabilize the
condition of the injured (painkilling, counter-shock measures) and performs immobilization
of the leg and arm for safe transportation to CSMU-120. Medics use individual protection
equipment in the process

11:55.

Enhanced

preparedness

mode

is

engaged

at

EMRDC.

Communication channels and videoconferencing systems are tested. The work
of the expert team starts.

44

Fig. A1.5. Videoconference session of the exercise participants and EMRDC experts

12:05. Head of health post No. 1 of Nerpa SY deploys the health post for
provision of first aid and carries out the required counter-emergency measures.
The preparedness of the post is reported to the head of CMSU-120.
11:55-17:00.

EMRDC

continues

communication

through

videoconferencing and carries out interaction with expert teams at IBRAE RAN
and SPA Typhoon.
13:25. CMSU-120 informs EMRDC about the arrival of the injured
worker and asks for consultation on preliminary assessment of the dose to the
skin resulting from contamination. Ferric hexacyanoferrate

prophylaxis is

carried out. There are no indications of radiation sickness. CMSU-120 reports
that no assistance from FMBA of Russia is required.
13:45. The assumed absorbed dose for the basal layer of skin of the
injured worker is assessed by EMRDC experts at the level of 0.25-0.5 mGy.
Upon completion of sanitary treatment no more assessments of dose to the skin
or

treatment

will

be

required.

Conservative

treatment

with

ferric

hexacyanoferrate (Prussian Blue) is recommended due to possible intake of
137

Cs through the injury surface.
Throughout the exercise RD-120 and CHE-120 of FMBA of Russia were

carrying out on-site and off-site assessments of the radiation situation. A mobile
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radiation monitoring laboratory was readied for possible use. Interaction with
Nerpa SY was maintained to coordinate the emergency response and observe
the radiation safety requirements. Urgent reports were prepared and sent to
FMBA of Russia and EMRDC in accordance with procedures.
In total, 36 specialists of FMBA of Russia took part in the exercise:
doctors, hygiene specialists, physicists, medical workers and technical
personnel. Three medical vehicles were used. Medical personnel working at the
accident location was equipped with emergency and individual protection
equipment.

Fig.A1.6. Heads of CSMU-120 A.V.Kazakov and S.A.Baulin present special vehicles for
provision of medical aid and answer questions of foreign observers
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Attachment 2
Participation of SRA Department of CD&ES and FS of the
Murmansk Region in the Exercise Arctic-2010
On July 28, 2010, the management and structural units of SRA
Department of CD&ES and FS of the Murmansk Region (hereafter –
Department) took part in an international comprehensive emergency response
exercise Arctic-2010 on the assessment and response to a radiation accident at
the Nerpa SY.
After receiving information about the simulated accident, the following
measures were carried out in accordance with the exercise plan:
Notification was carried out in accordance with the set procedure,
including notifying the ES and FS Commission of the Government of the
Murmansk Region.
Specialists of the Monitoring and Forecasting Centre of the Department
carried out an assessment of the radiation situation in Snezhnogorsk and
Murmansk using the “Trace” module.

Fig. A2.1. Specialist of the Monitoring and forecasting centre of the Department carries out
assessment of the radiation situation in Snezhnogorsk
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To calculate the radiation contamination parameters, a request was sent to
Murmansk DHMS about the actual weather in the vicinity of the accident
location and the weather forecast for the forthcoming hours. A request for
expert support in assessing the radiation situation was sent to TCC IBRAE
RAN. Continuous monitoring of ARMS sensor readings was carried out in
order to assess the situation.
The territory of Murmansk and its vicinity was surveyed using one of the
mobile radiometric laboratories (ML) of the Department. The second ML of the
Department participated in the demonstration of the equipment used in the
mitigation of emergency situations at radiation-hazardous facilities.

Fig. A2.2 Mobile radiometric laboratory of SRA Department for CD&ES and FS of the
Murmansk Region

A working team was formed at the Department to analyze the data on the
situation and prepare proposals for the decisions of the chairman of the ES and
FS Commission of the Government of the Murmansk Region, Specialists of the
Department were continuously involved in information exchange on the
simulated accident.
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The ES and FS Commission of the Government of the Murmansk Region
was assembled at the building of the Department to coordinate the actions of all
the services taking part in the mitigation of the simulated accident.

Fig. A2.3 ES and FS Commission of the Murmansk Region

Representatives of the SRA Department for CD&ES and FS of the
Murmansk Region took active part in the operations of the exercise
headquarters.
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Attachment 3
Participation of MD EMERCOM of Russia of the Murmansk Region
in the Exercise Arctic-2010
Upon receiving notification of a radiological accident, the senior on-duty
officer of CSMC of MD EMERCOM in the Murmansk Region (CSMC
hereafter) reported to the Head of MD EMERCOM in the Murmansk Region,
who reported the situation to the Governor of the Murmansk Region and to the
Representative of the ES and FS Commission of the Murmansk Region.
The senior on-duty officer of the CSMC shift transferred the preliminary
information about the radiation accident to the NCSMC of EMERCOM of
Russia. The NCSMC of EMERCOM of Russia informed the Crisis Centers of
the Barents EuroArctic Region about the radiation accident.
Operative services were notified by the on-duty shift of CSMC. The
senior on-duty officer of the CSMC shift directed the assembly of the forces and
assets for response and mitigation of radiation accidents.
The Head of MD EMERCOM of Russia of the Murmansk Region
initiated “Preparedness No. 1” at the Main Department. The operative team of
the Main Department (OT) left for the ES location with a mobile system to
support the civil protection response (Fig.3.1). The characteristics and
description of the equipment of the system are given below.
Operative Headquarters (OHQ) was deployed at the Centre of Crisis
Situations Management of the Main Department of EMERCOM of Russia.
CSMC informed CSMS of the Northwest Regional Centre and NCSMC
of EMERCOM of Russia for further communication with the Crisis Centres of
the Kingdom of Norway.
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The Head of MD of EMERCOM of Russia in the Murmansk Region
reported to the ESC Chairman about the need for involvement of TCC IBRAE
RAN experts for assessment of the exercise consequences.

Fig. 3.1. Mobile system for operative tasks resolution of MD EMERCOM in the Murmansk
Region

The Head of OT, upon arrival at the ES site, organized interaction with
the ES and FS Commission of the Nerpa SY in order to clarify the situation,
organize the conduct of the assessment and forecast of the radiation situation,
and prepare recommendations for the protection of personnel, as well as needed
coordination of response actions.
Specialists of the OT deployed their workstations, organized interaction
with the local administrations in the ES area to clarify the situation, and
prepared the required information materials on the coordination of actions for
the protection of personnel, population and territories. They also organized
videoconference communication with the site and the CSMC.
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The Head of MD of EMERCOM of Russia in the Murmansk Region
reported the situation at the ES site to the ES and FS Commission of the
Government of the Murmansk Region, as well as the proposals for protective
measures for the population and territory.
The Head of the OT coordinated with the Head of works on mitigation of
the ES to carry out preliminary calculations of the scope of work and coordinate
the actions of the irregular emergency and rescue teams.
MOBILE SYSTEM FOR RESPONDING TO CIVIL DEFENCE
TASKS OShM 27527 ON A CHASSIS OF GAZ-27527 "SOBOL”
VEHICLE
GENERAL INFORMATION ABOUT THE SYSTEM
GENERAL TECHNICAL DATA AND CHARACTERISTICS

Base equipment:
 GAZ-27527 vehicle in a modification of a mobile system for
resolving the operative civil defence tasks
 Power generator SDMO Zephir 1000 (in a soundproof housing).
 Notebook 15,4" Core2DuoT5500 1.66Ghz, 1024 Mb 100.0 Gb,
DVD-RW, 512 Mb, Bluetooth, Camera WiFi, LAN, Cardreader,
WIN XP, bag, mouse; powered from on-board sources or grid
220V power supply (with pre-installed MS Windows XP rus).
 Mobile printer HP deskjet 460WBT mobile.
 Car radio station Icom TC-F111,13-174 MHz.
 Personal communicator E-ten X500 powered from on-board supply
or 220 V grid GSM/WiFi/BT/GPS/photo/video).
 Video camera DCR-SR40E.
 GPS navigator Garmin Nuvi 300 with a map kit.
 “Pamir-8” tent with electric lighting (6-8 men).
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 Collapsible tables.
 Collapsible chairs.
 Liquid heater of indirect exchange OVA-11 for heating of the
operative team workplaces.
 Fax machine.
 Telephone Evroset-2010.
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Attachment 4
Participation of the Murmansk Department for Hydrometeorology
and Environment Monitoring in the Exercise Arctic-2010
On July 28, 2010 the Centre for Information Acquisition and Processing
(CIAP) of the Murmansk Department for Hydrometeorology and Environment
Monitoring (MDHEM) took part in the international comprehensive emergency
response exercise “Arctic-2010” on assessment and response to a radiation
accident at the Main subsidiary of OJSC CS Zvezdochka- Nerpa SY.
Upon receiving the message about the simulated accident the CIAP
specialists responded according to the exercise schedule:
MDHEM provided the data about the actual weather at the accident site
and the weather forecast for the forthcoming hours on request of SRA
Department for CD&ES and FS in the Murmansk Region.
Videoconference

communication

with

exercise

participants

was

maintained throughout the exercise in accordance with the plan of the exercise.
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Fig. A4.1. CIAP MDHEM specialists during the exercise

Due to the possible shift in wind direction towards Murmansk, a request
was sent to SPA Typhoon to clarify the weather forecast and the possibility of
the wind shifting to Murmansk. The forecast data prepared by SPA Typhoon
were sent to Nerpa SY and the Monitoring and Forecasting Centre of SRA
CD&ES and to FS of the Murmansk Region.
Specialists of the CIAP carried out an assessment of the radiation
situation in Snezhnogorsk and Murmansk using the “Trace” module.
A request for the assessment of transboundary transfer was made during a
videoconference session with SPA Typhoon. According to the data of SPA
Typhoon, there was no transboundary transfer.
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Attachment 5
Participation of FSUE SevRAO in the Exercise Arctic-2010
In the framework of this exercise, the Director of FSUE SevRAO
received notification and a request by ESC of Snezhnogorsk ZATO to provide
assistance using the forces and assets of this facility.
A decision was made to provide assistance and the ESC of the facility
were activated and assembled. The ERT of the facility were partially put in an
elevated preparedness state, and the irregular emergency unit SEB No.3 actually
engaged the elevated preparedness mode.
The subordinate forces and assets of the facility engaged the elevated
preparedness mode, in particular:
All involved specialists were assembled;
All hardware required in an ES mode have been put on stand-by;
The required software was activated;
The data of radiation and weather monitoring acquired by ARMS of
subsidiary No. 3 and from other available resources were received and
analyzed.
Specialists started the work of the SCC of FSUE SevRAO, which carried
out the following:
o provided management of the emergency response forces;
o notified the forces in accordance with the notification procedure
and informed them of issued orders;
o engaged the counter-emergency plans (plan for interaction and the
plan for protection of personnel and population);
o ensured support of the emergency response system forces;
o reported the execution of orders via the videoconferencing system;
o requested the required information from Rosatom’s SCC and the
regional crisis center;
o ensured uninterrupted acquisition and analysis of the data acquired
by facility ARMS sensors;
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o implemented forecast and assessment of the main characteristics of
the radioactive release source (nuclide, physical and chemical
composition, parameters of the radioactive cloud);
o carried out a preliminary forecast of environmental contamination
and correction of the forecast of environmental contamination,
using detailed characteristics of the source and the radiation
monitoring data acquired by a ML of subsidiary No. 3.
o transferred the information to the participants of emergency
response.
The Irregular ERT of the subsidiary No. 3 of FSUE SevRAO:
On receiving the message on engagement of the “Action” mode, have been
put into a state of 15-minute preparedness to deployment;
The senior official of the team reported the execution of orders to the
director of subsidiary No. 3 of FSUE SevRAO.
Director of Subsidiary No. 3 reported to the director of FSUE SevRAO:
On preparedness of the IERT of subsidiary No. 3 to assist the ESC of
Snezhnogorsk;
On engagement of the “Action” mode at SEB No. 3.
On sending the ML according to the set route.
The crew of the mobile radiometric laboratory (ML) of subsidiary No. 3 of
FSUE SevRAO carried out the radiation surveillance along the following
route: technical territory of subsidiary No. 3 of FSUE SevRAO (Sayda Bay) –
parking lot of the Nerpa SY (Snezhnogorsk). The surveillance data were
automatically sent to the monitoring and forecasting centre of the Murmansk
Region and transmitted by mobile phone to the CC of FSUE SevRAO. The data
were eventually presented to the exercise HQ in a printout.
The results of the radiation surveillance were presented in a form of the
map of the surveillance route (Fig. A5.1) and a radiometric report.
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Fig. A5.1. Results of gamma-radiation dose rate measurements along the route from
Subsidiary No. 3 of FSUE SevRAO to Nerpa SY during the exercise “Arctic-2010”

There were no comments on the operation of ML and transmission of the
radiation surveillance data.
A number of drawbacks in the presentation of the radiation situation data
in printed copies were identified during the exercise. It is advisable to add a
portable printer and a flash memory with a memory of up to 1 Gb to the ML
equipment.
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Attachment 6
Participation of TCC IBRAE RAN in the Exercise Arctic-2010
According to the plan of comprehensive emergency response exercise
“Arctic-2010” (Snezhnogorsk, July 28 - 29, 2010), the experts of TCC IBRAE
RAN were to take part in the assessment of consequences of the simulated
radiation incident at Nerpa SY upon receiving initial information about the
accident. Up to that moment, all members of the expert team were at their
workplaces. Observers from the US Department of Energy and the Embassy of
the USA in Moscow arrived at IBRAE RAN on 28.07.10, at 9:45 a.m. (see Fig.
A6.1). Before the exercise started, specialists of TCC IBRAE RAN presented
the DOE observers with a briefing about the “Arctic-2010” exercise: goals and
objectives of the exercise, participants and observers, engaged forces and assets,
preparation, organization and conduct of the exercise.

Fig. A6.1. TCC IBRAE RAN experts and the observers of the US Department of Energy take
part in the “Arctic-2010” exercise
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At 11:25 a.m., the on-duty shift of TCC IBRAE RAN received
information about the start of the exercise. A process pipeline rupture in the
course of gas bleeding from the high-pressure tanks of the degassing system of
a decommissioned nuclear submarine was chosen as scenario for the “Arctic2010” exercise. The tanks contain a mixture of radioactive products with a total
holding capacity 400 l (pressure 200 atm).
At 11:30 - 12-:30 the procedures for emergency response at the facility
level were applied in the exercise.
At 11:35 TCC IBRAE RAN received information about the process
pipeline rupture at Nerpa SY. As a result, there was a rapid increase of gamma
radiation dose rate in the compartment. One of the Nerpa SY workers was
injured by a mechanical impact. This information was received by the
specialists of IBRAE in a real-time mode by videoconference communication;
all the information was recorded in the log of the on-duty expert of TCC IBRAE
RAN. Videoconference sessions were saved to a video recording hard drive.
Input data was received by the on-duty shift of TCC IBRAE RAN by fax and email.
On receiving the message about a simulated radiological emergency
situation at Nerpa SY the TCC on-duty expert activated the system of automatic
notification of the TCC IBRAE RAN experts team. The TCC engaged an
elevated preparedness mode, and the hardware-software system for assessment
and forecasting of radiation situation was launched; all communications were
engaged. Experts of the crisis centre (see Fig. A6.2) and technical support team
were assembled at the TCC hall.
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Fig. A6.2. Experts of TCC IBRAE RAN working on assessment of accident consequences

The experts discussed the situation and decided to concentrate TCC
efforts on the following tasks:
Assessment of the composition and the activity of radionuclides that can be
released to the environment as a result of the radiological incident;
Obtaining weather data in the region of the accident (temperature, wind
speed and direction, precipitation, etc.);
Obtaining map information about the region of the exercise;
Analysis of the possible release and a rapid assessment of radiological
consequences as well as a subsequent more detailed assessment using an
advanced system, taking into account a large number of factors impacting
the spreading and deposition of admixtures.
At 11:55 IBRAE received a request from the Monitoring and Forecasting
Centre of CD&ES of the Murmansk Region on the provision of scientific and
technical support by the technical crisis centre of IBRAE RAN.
The “Emergency Situation” mode is engaged at TCC IBRAE RAN. TCC
experts started assessments of the radionuclide composition of the release and
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the radiation consequences of this situation as well as forecasting the possible
dose loads on the population. The situation evolves in accordance with the
chronological plan of the exercise.

A6.1. Report of TCC IBRAE RAN No. 1:
Within thirty minutes, the reply to the request was sent to MFC of
CD&ES of the Murmansk Region using all available communications as well as
the following first report:
“Assessment of the activity of the radionuclides released into the
atmosphere was carried out on the basis of the dynamics of gamma-radiation
dose rate changes, readings of Nerpa SY ARMS sensors and preliminary data
on radionuclide composition of the release. According to these assessments, the
main contribution to the total activity of the release is given by krypton-85 at
the level of 1000 Ci (3.7Е+13 Bq). Activities of the released cobalt-60 and
cesium-137 are substantially lower and do not exceed 0.5-1.5 Ci (from 1.8Е+10
to 5.6Е+10 Bq) for each nuclide.
According to these data, and the weather data received from the site,
express calculation of the possible exposure doses of the population if
Snezhnogorsk due to exposure from the cloud and radioactive fallout using
“Trace” code showed that the dose will not exceed 10 μSv over 10 days (see
table A6.1 and figure A6.3-4) and thus no population protection measures are
required in the town.
Table A6.1– Dose of external exposure over 10 days, µSv
Distance from the release source, km
0.4
0.6
0.8
1
2

External exposure over 10 days on the trace
axis, µSv
2
9
16
20
14
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3
4
5
6
7
8
9
10

9
6
4
3
2
2
2
1

Fig. A6.3. Forecasted dose of external gamma-radiation from the release cloud, mSv
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Fig. A6.4. Forecasted dose of external gamma-radiation from the contaminated soil surface
over 10 days, mSv

Radiation situation in the territory of Nerpa SY after the passage of cloud
in the direct vicinity of the compartment – up to 0.5 mSv/h.
Experts

of

TCC

IBRAE

RAN

have

issued

the

following

recommendations:
Carry out detailed radiation surveillance of the surroundings of Nerpa SY
and Snezhnogorsk using mobile radiometric laboratories, paying special
attention to the road connecting Nerpa SY and Snezhnogorsk;
Carry out analysis of the radiation situation in the surroundings of
Snezhnogorsk to identify the possible local patches with elevated levels of
contamination and external gamma-radiation dose rate.”
It is important that the assessments performed by IBRAE RAN were very
close to the assessments done by CMF of CD&ES in the Murmansk Region.

A6.2. Report of TCC IBRAE RAN No. 2:
Then information was received about the possible change of the wind in
the direction of Murmansk. Thus there was a new task – assessment of the
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possible doses for the population of Murmansk in case of the wind turning.
Work was also done to assess the radiation situation in the territory of Nerpa
SY.
The results of this work were included in the report No.2 sent to Nerpa
SY at 12:42. The report stated:
“Radiation situation at the site is substantially non-uniform.
Close to the compartment of the decommissioned NS the dose rate
reaches 500 µSv/h, while at the site boundary the dose rate does not exceed 1
µSv/h at the trace axis and drops with distance from the trace axis.
The results of radiation situation assessment in Murmansk obtained using
"Nostradamus" software are given in fig.A6.5 and A6.6.

Fig. A6.5. Forecasted dynamics of gamma-radiation dose rate change in Murmansk in case of
passage of the radioactive cloud, µSv/h
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Fig. A6.6 – Forecasted total effective dose (mSv) for the children at the age of 1-2 in
Murmansk over 10 days

Thus, there will be no radiation consequences for the population of
Murmansk in case the wind turns in its direction.
Individual effective doses for the population of the city over 10 days will
have the order of 10-5 mSv.

A6.3. Report of TCC IBRAE RAN No. 3:
Work was also done to specify the forecasted assessments and rate the
event according to the INES scale. The results are given below in Report 3 sent
to the MFC of CD&ES in the Murmansk Region.
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Table A6.2. – Updated results of the radiation situation Snezhnogorsk and its surroundings
obtained using the “Nostradamus” software

1
2
3
4

1.3E-4
1.2E-4
9.0E-5
7.3E-5

0.0064
0.0058
0.0043
0.0034

0.0065
0.006
0.0044
0.0034

Fig. A6.7 – Forecasted total effective dose (mSv) for the children at the age of 1-2 in
Snezhnogorsk over 10 days
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Fig. A6.8. Forecasted external gamma-radiation dose rate values for the first day after the
accident, µSv/h

Thus, it was finally clear that according to assessments performed by all
the participants of emergency response there were no radiation consequences
for the population of the territories in the vicinity of Nerpa SY.

A6.4. INES rating of the event (according to the latest
version of the manual issued in 2008)
Criterion 1. Effect on people and environment
Assessment of the events on their impact on people and environment
takes into account the actual radiological impact on personnel, population and
the environment. Assessment is based either on the doses received or on the
quantity of released radioactive material.
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The release is radiologically equivalent to the release of less than 3 TBq
of I-131 and thus is far below the application criteria.
Maximum actual doses on the personnel (taking into account the
information about injury of one of the workers and the time of his presence in
the maximally contaminated area of about 1 hour) will not exceed 1.5-2 mSv,
which is far below the annual dose limit and dose constraint in emergency
conditions.
Annual dose for the population will be about 0.4 mSv and will not exceed
the annual limit set by NRB-99/2009.
Thus the event may be rated as "Below scale/level 0" according to
criterion 1.
Criterion 2. Impact on radiological barriers and controls.
Taking into account the atmospheric type of release, the current event
may be rated according to the dose rate in operating areas or the value of a
radiologically equivalent release of 131I.
According to the assessments, the dose rate in operating areas will not
exceed 0.5 mSv/h and the equivalent release of 131I is equal to 10 GBq (and it is
released to the atmosphere and not to the building). Assessments show that the
event may be rated as "Below scale/level 0" according to criterion 2.
Criterion 3. Impact on defense in depth.
The rating is based on general rating principles for this criterion.
Evidently maximum possible consequences for the installation in question and
the considered activity may not exceed level 2. Taking into account failure of all
safety barriers the event may be rated as level "1”.
Final INES rating of the event: Level 1 (incident).
The main results of the performed assessments of the possible
consequences of the accident at NerpaSY were reported by the specialists of
TCC IBRAE RAN in the final reply of IBRAE RAN. The main result of this
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report was affirmation that the radiation consequences of this incident do not
pose any threat for the personnel of the facility and the population.
A signal ending the exercise was received when the videoconference
sessions were completed followed by a working meeting of the TCC IBRAE
RAN experts team was held. The meeting included a debriefing of the exercise
and discussion of a number of methodological and organizational issues of
holding similar exercises. Observers from the US Department of Energy and the
Embassy of the USA in Moscow took active part in the discussion.
Results of the work of TCC IBRAE RAN were used to prepare the
reports of the facility commission at Nerpa SY and the information messages of
the authorities of the Murmansk Region. This completed the first day of the
exercise
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Attachment 7
Participation of State Corporation Rosatom and FSUE SCC of
Rosatom in the Exercise Arctic-2010
The State Corporation Rosatom, as a conductor of policy of the Russian
Federation in use of nuclear energy, ensures fulfillment of Russian international
commitments in the nuclear area. Rosatom is the executive body of the RF
responsible for cooperation in the field of the peaceful use of atomic energy
under intergovernmental agreements.
Ensuring nuclear and radiation safety is one of the main responsibilities
entrusted to Rosatom by the Government. To provide safe operation of the
nuclear industry and the protection of personnel, population, and territories
against possible accidents and emergency situations, the System for Prevention
and Mitigation of Emergency Situations has been established at Rosatom, This
is the subsystem of the United State System for Prevention and Mitigation of
Emergency Situations.
The Situation and Crisis Center (SCC) of Rosatom is the operator of the
Branch System for Prevention and Mitigation of Emergency Situations, and it
functions as the National Communications Center for performing international
conventions and agreements in this area.
The Director of the Department of Nuclear and Radiation Safety (DNRS)
of Rosatom, A.M. Agapov, was appointed as coordinator and head of experts
(ET) of BESC Rosatom and the forces and assets of Rosatom involved in the
exercise.
Following are the main goals and objectives for the response forces and
assets of Rosatom participating in Arctic-2010:
 Application of the procedures of notification and information exchange
about the emergency situation with the competent bodies of the Russian
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Federation, IAEA, and neighboring countries, as well as with the TSC of
Rosatom and other interested bodies;
 Training of EG BESC Rosatom in the assessment of the situation and its
possible consequences;
 Application of actions of TSC experts for analysis and forecast of the
evolution of the emergency situation at the Nerpa Shipyard, and the
issuing of recommendations on protection of personnel and population;
 Application of actions of the emergency and rescue teams of Rosatom
and the organization of interaction with other interested ministries and
departments;
 Application of the procedures on interdepartmental coordination of the
actions of management bodies, forces and assets for mitigation of the
accident consequences.

A7.1. Interaction at the Federal and International Levels
In accordance with the decision of the management of Rosatom, the
forces and assets of the federal executive bodies participated in Arctic-2010
(only regarding the information exchange).
SCC of Rosatom during Arctic-2010 implemented its functions of a
national point of contact in accordance with the international obligations of
Russia under the Convention on Notification and the Assistance Convention, as
well as in accordance with the obligations of Russia on assuring physical
protection of nuclear material.
Information was exchanged using the EMERCON form with IAEA, and
with the national competent authorities of Norway (NRPA), Sweden (SSM) and
Finland (STUK).
In accordance with the decision of July 28, 2010 of the Head of Arctic2010 exercise, A.M.Agapov (in the part concerning Rosatom), the SCC of
72

Rosatom was assigned with the tasks to support the activities of the experts
group, BESC experts and members, and with maintaining information exchange
with the participants of the exercise.
Therefore

the

Monitoring

and

Operative

Response

Service

(V.A.Moskalev), as well as the on-duty personnel of the Nuclear Radiation
Safety (NRS) support systems service (A.N.Zyabkin), and the Information
Security Service (V.A.Komarov) were engaged in an “emergency situation”
mode of functioning with the following tasks:
 Assurance of the preparedness of personnel to participate in the
exercise;
 Operative notification and assembly of the expert group members and
BESC members;
 Organization of the procedures for information exchange with the
participants of the exercise as well as engineering and technical
support of the activities of experts and members of BESC of Rosatom.
 Maintaining the operations of the information and analytical display
systems at the meeting halls of experts and BESC members of
Rosatom;
 Information and technical support for the actions of the group of
experts and BESC members of Rosatom, including holding and
recording videoconferencing sessions;
 Assuring the access of experts and BESC members of Rosatom to
SCC of Rosatom and maintaining the required security level.

A7.2. Membership and goals of BESC and EG of BESC
Membership of BESC of Rosatom was as follows:
 Members of BESC and EG of BESC;
 Departments: DNRS; DPSSI; DCE; DPS; DDSNF; FSUE SCC of
Rosatom (Monitoring and operative response service);
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 FSUE ETC SPb (mobile radiation team – by simulation);
 Operative

team

and

DNRS

observers

at

“Arctic-2010”

comprehensive emergency response exercise site (by simulation);
 Emergency and Rescue Team of ETC SCC (by simulation);
 Emergency and Rescue Team of FSUE SevRAO (actual
participation);
 Special emergency brigade of FSUE PA Mayak (by simulation);
 FSUE ETC VNIIEF (by simulation); FSUE ETC VNIITF (by
simulation);
 ETTCR RDIMT (by simulation).
The tasks of EG of BESC of SC Rosatom and the observers team during
the “Arctic-2010” were the following:
 Assessment of the actions of the participants of the “Arctic-2010”
exercise;
 Assessment

of

the

capabilities

and

adequacy

of

the

communications and other hardware used in the exercise;
 Assessment of the preparation and organization of the exercise;
 Assessment of the actions of FSUE SevRAO on initially receiving
notification of the simulated accident at the Nerpa Shipyard and
notification of the participants of the exercise and FSUE SCC of
Rosatom;
 Assessment of practicing the notification procedures in the
framework of IAEA;
 Assessment of the actions of the team on assessing the radiological
consequences of the simulated accident;
 Assessment of response of the key national organizations and
deployment of the Technical Support Centres;
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 Expert support on justification of the decisions on protective
measures;
 Coordination of interaction and areas of responsibility of
appropriate organizations.

Members of EG of BESC of SC Rosatom promptly analyzed and
specified their areas of responsibility, the procedures for implementing their
functions, and carried out a preliminary analysis of actions of exercise
participants.

Recommendations on further improvement actions for the

participants of the “Arctic-2010 comprehensive emergency response exercise”
in the framework of emergency response planning were formulated on the basis
of their analysis.
A press conference with the participation of local authorities, media, and
exercise observers was held upon completion of the "Arctic-2010"
comprehensive emergency response exercise.

A7.3. Application of the response procedures at FSUE SCC
of Rosatom
FSUE SCC of Rosatom took part in the “Arctic-2010” comprehensive
emergency response exercise in the framework and in accordance with the
scope of the in-force work policy and procedures (with simulation of a number
of procedures) of the operative on-duty shift (ODS) of the control and
management post (CMP), service of monitoring and response, and the operative
headquarters of SCC of Rosatom.
Duty personnel of the SCC of Rosatom performed response activities
based upon the following procedures during the exercise on July 28, 2010:
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A.7.3.1 Organization of Notification and Transfer of Information to
FSUE SevRAO and FSUE SCC of Rosatom

Receiving an Operative message from the ODS of FSUE SevRAO about the
simulated accident (time X + 5 min).
The on-duty officer of SCC of Rosatom receives from the ODS of FSUE
SevRAO the following information:
Notification about the accident, assembly, and direction of an emergency
team to the accident location;
Notification of officials and FESC members;
The annunciation of the “Emergency situation” mode, and the
engagement of elevated preparedness of the management bodies, counteremergency forces and assets of the Nerpa Shipyard and FSUE SevRAO;
Report of sheltering of personnel, and formulation of an initial report to
the federal and territorial executive authorities. The initial report contains the
following information:

Fig. A7.1.Operative on-duty service of SCC of Rosatom
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Assessment of the situation, reported to the director of FSUE SCC of
Rosatom and to the deputy chairman of BESC of SC Rosatom;
Emergency notification and assembly of the members of BESC and EG of
BESC of SC Rosatom, notification of the forces and assets of the
emergency and rescue service (ERS) of SC Rosatom, ODS of federal
executive authorities, IAEA, national competent authorities of Norway,
Sweden and Finland;
Launch of the videoconferencing system and maintaining uninterrupted
communication with the ODS of the facility;
Clarification of the operational situation at the accident site using wire and
mobile communications, and using the videoconferencing system;
Request for weather data and forecast of the possible radiological
consequences at the TSC of SC Rosatom (SPA Typhoon of Roshydromet,
EMRDC of FMBA, IBRAE RAN);
Informational support of the members of BESC and EG of BESC of SC
Rosatom (data on the situation, physical and chemical characteristics of the
release, current preparedness of the ETC to provision of assistance,
decisions of BESC of SC Rosatom, etc.).
Generalization of the expert decisions on response measures and
interventions, recommendations of specialists on organizing response
activities to mitigate the accident consequences and their communication
to the FESC of the Main subsidiary of JSC CS Zvezdochka – Nerpa SY
and FSUE SevRAO.

Application of the Response Procedures and Operative Tasks by the Personnel
of SCC of Rosatom
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The On-Duty Shift (ODS) of SCC of Rosatom took part in the working
meeting of the exercise headquarters on planning the simulated emergency
measures, coordination of the program of involvement of branch and federal
emergency response units in the exercise, preliminary reconnaissance, and
monitoring the preparation of tactical field training stations.
The ODS of SCC of Rosatom, Exercise HQ (at SCC of Rosatom), BESC
and EG of BESC of SC Rosatom have analyzed for completeness and quality of
implementation the following tasks by facility level response units:
Emergency notification and activating the on-duty dispatcher services and
emergency and rescue teams of the participants “Arctic-2010” { + 00:30
min., ODS of SCC of Rosatom and FSUE SevRAO};
Receiving notification about the accident by the on-duty dispatcher.
Actions of the responsible NRS officer of the shift and the members of the
working shift. Actions of the on-duty dispatcher. Assembly of the
emergency team and its departure to the site; organization of notification of
FESC management and members and FSUE SCC of Rosatom.
Annunciation of the “Emergency situation" mode. Bringing the
management, counter-emergency forces and assets of FSUE SevRAO into
a state of preparedness. Sheltering of personnel. Formulation of the initial
report to the federal and local executive authorities;
Assembly of FESC members and experts, briefing them about the
situation, report of the head of the emergency team on the clarification of
the emergency situation, preparation of the shelter (Chief engineer chairman of FESC, ODS, head of CD&ES, head of emergency team)
(emergency);
Deployment of the emergency response forces and assets at the accident
location (X + 30-40 min).
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Conduct of radiation surveillance and preliminary examination of the area
of the accident (X+10-60 min, head of emergency team, FESC, ODS,
heads of shifts).

Additional areas evaluated include:

- Conduct

of

radiation

surveillance

and

specification

of

the

contaminated area by emergency team, data acquisition, assessment
and analysis.
- Discussion of the situation by FESC members. Decision-making on
the works at the submarine pier (onsite).
- Assessment of the need to evacuate the personnel not involved in
emergency response from the vicinity of the pier (onsite).
- Decision-making on requesting assistance for specification of the
accident evolution forecast from SC Rosatom, and development of
regulations for carrying out emergency operations at DNS.
- Notification of federal, regional and local authorities about the
emergency situation (X+60-90, FESC, ODS, ERT of FSUE SevRAO).
- Participation of the emergency team in the visual inspection of the
accident location, radiation surveillance of the accident location. Photo
and video recording.
- Provision of the ARMS sensors data by CDP on-duty officer to the
FESC.
- Organization of evacuation of the personnel from the territory of the
pier (site).
- Assembly of the members and experts of BESC of SC Rosatom at the
halls of SCC of Rosatom (X+50-70, BESC Chairman, SCC of
Rosatom).
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Fig. A7.2.Assembly of the experts of BESC of SC Rosatom at the working room at SCC of
Rosatom
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Fig. A7.3. Assembly of the members of BESC of SC Rosatom at the hall of SCC of Rosatom

- Analysis of the emergency situation. Decision-making on provision of
assistance to the Main subsidiary of JSC CS Zvezdochka – Nerpa
Shipyard and FSUE SevRAO.
- Provision of recommendations on priority measures to stabilize the
consequences of the simulated accident to FESC of FSUE SevRAO.
- Bringing the forces and assets of ERS of SC Rosatom into a state of
preparedness to functioning in an emergency situation and
preparedness to their sending to the accident site. Involvement of the
experts TCC IBRAE RAN, EMRDC, SPA "Typhoon" in the work.
- Decision-making on sending the MRT of FSUE ETC SPb and the
experts team (by simulation) to FSUE SevRAO (by simulation).
- Receiving the radiation situation forecast and recommendations on
protection of population and environment from IBRAE RAN
(transmission via SCC of Rosatom, X+40-120, FESC at Nerpa.
- Reports of FSUE SevRAO services and units on the implemented
works. Formulation of the reports to the stakeholders according to the
notification procedures.
- Testing the functioning of videoconference FESC – SCC of Rosatom,
FESC – FSUE SevRAO– TCC IBRAE RAN, IAEA.
- Transmission of information to the press-service for the preparation of
a press-release.
- Receipt of a report at SCC of Rosatom for subsequent informing of the
IAEA and the neighboring countries.

A7.3.2. Organization of works on management and mitigation of the
emergency situation and its consequences
Main measures at this stage included:
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Evacuation of the personnel from the shelters and the territory of the pier
(site) (X+80-120, FESC of the Main subsidiary of JSC “CS Zvezdochka–
Nerpa SY, CD&ES service, ODS).
Implementation of priority works by the emergency team.
Clarification of the procedure of further actions taking into account the
updated situation and recommendations on implementation of works
received from BESC of SC Rosatom(X+60-150, FESC at the Main
subsidiary of JSC CS Zvezdochka – Nerpa Shipyard, SCC of Rosatom,
EMRDC, TCC IBRAE RAN);
Identification of the interaction procedure, formulation of the reports on
information exchange with interested organizations (X+90-150, FESC of
the Main subsidiary of JSC “CS Zvezdochka– Nerpa SY, experts, ODS).
Arrival of the operative team of SC “Rosatom” experts (by simulation) and
the MRT of ETC SPb at the accident location (28.07.2010, FESC of the
Main subsidiary of JSC “CS Zvezdochka– Nerpa SY, OT of SC Rosatom,
FOT of SCC of Rosatom – by simulation).
Briefing of the situation to the arrived forces Assigning tasks to the MRT
of ETC SPb and FSUE SevRAO for implementation of radiation surveillance.
Participation of SC RosatomSpecialists in the meeting of FESC of the
Main subsidiary of JSC CS Zvezdochka– "Nerpa” Shipyard on analysis of the
situation and decision-making on mitigation of the ES and its consequences.
Testing the functions of the FESC-SCC of Rosatom and FESC-TSC
videoconferences.
Carrying out radiation surveillance by MRT of ETC SPb and FSUE
SevRAO beyond the territory of the pier (site) and plotting the radiation
situation on the map and transmission of the data to Nerpa SY, ESFSC of
Snezhnogorsk, FSUE SevRAO, EMRDC and TCC IBRAE RAN for
further processing and calculation of the accident consequences.
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Report to FESC of the Main Subsidiary of JSC CS Zvezdochka- Nerpa
Shipyard. Receiving updated recommendations from EMRDC and TCC
IBRAE RAN.
Decision making by FESC of the Main Subsidiary of JSC CS
Zvezdochka- Nerpa Shipyard on carrying out counter-emergency works
and development of technological regulations of emergency works;
Report to FSUE SCC of Rosatom about the carried out works;
Receiving the updated report at the SCC of Rosatom for further
notification if ERC of IAEA and national competent bodies of neighboring
countries (28.07.2010, Head of FESC of the Main subsidiary of JSC CS
Zvezdochka –Nerpa SY, OT of SC Rosatom, Chairman of BESC of SC
Rosatom);
Holding videoconference between Nerpa SY, TCC IBRAE RAN, IAEA
and SCC of Rosatom.

A7.3.3 Final stage of the Exercise Arctic-2010
The following actions were carried out at the final stage of the Arctic2010 exercise on July 28 and 29:
Demonstration of the hardware and equipment of the participants of
“Arctic-2010” exercise and MRT of FSUE SevRAO (MRT ETC SPb – by
simulation);
Forces and assets return to stand-by. end of the Exercise (28.07.2010, Head
Arctic-2010 comprehensive emergency response exercise);
Debriefing of the Arctic-2010 comprehensive emergency response exercise
(29.07.2010, 10:00-13:00 FESC of the Main subsidiary of JSC “CS
Zvezdochka –Nerpa SY, observers, ET and OT of BESC, Head of BESC
of SC Rosatom).
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During the exercise, planners and evaluators paid close attention to the
planning, organization, and management of the simulated response, as well as
the interaction between participating organizations.

Exercise staff made

extensive use of video recordings of the exercise activity points to record
response activities of the OT of SC Rosatom, the IBRAE RAN technical
support center, the EMRDC of FMBA, FSUE SevRaO, the ET and OT of BESC
of SC Rosatom, and the exercise headquarters.
In accordance with exercise plans, a satellite communication station was
deployed by SevRAOpersonnel at the site of simulated accident, and a
videoconferencing session with the SCC of Rosatom was setup and tested. For
the first time in the practice of mitigation of a simulated accident a real-time
videoconference with the Kola Peninsula was organized.

Fig. A7.4. Videoconference session of the exercise participant

The Chairman of the BESC, ET of BESC of SC Rosatom (Moscow, SCC
of Rosatom), oversaw management of mitigation of accident consequences and
other participants of Arctic-2010 and took part in the videoconference.
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Attachment 8
Emergency Response Hardware and Software Used in Exercise
Arctic-2010
An important element of the exercise was the employment of hardware
and software for the assessment, analysis and forecasting of the radiation
consequences. The following assessment was performed using available
hardware and software (described below):
 Transfer of radioactive admixtures in the atmosphere (including the forecast
of population exposure doses via various exposure pathways)
 Parameters of radiation situation caused by radiation of sources of various
configurations and characteristics.
Participants of the exercise (LCC of Nerpa SY, CMF of CD&ES of the
Murmansk Region, TCC IBRAE RAN) assessed the atmospheric dispersion of
radionuclides, as well as forecasting the whole body and thyroid doses.
Subsequently, these were evaluated and compared to the forecasted doses and
criteria for decision-making on population protection at the acute phase of the
accident. Such an approach offered the following advantages:
1)

There is an element of mutual work to elaborate a collective decision
by considering and accounting for various results obtained using
various tools that implement various models;

2)

The radiation situation pattern appears multi-planar; there is not just
one variant. The decision-makers on personnel and population
protection measures may select recommendations of a certain
organization as a basis depending on the situation (e.g. when a
conservative variant or an optimized approach is required), while all of
the organizations are highly qualified and competent in their fields of
activity;

3)

Reliability of the obtained result is obviously higher.
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Thus such set of problems as forecast of radioactive materials transfer and
assessment of the impact (doses) of the radioactive cloud, fallout, radionuclide
inhalation may be successfully resolved in the framework of the exercise. At the
same time it needs to be noted that such a variant of situation evolution, namely
the release beyond all the protective barriers is extremely improbable at the
current level of technological and radiation safety at the facility.
Close attention was paid to local calculation tools allowing identification
of the parameters of the radiation situation and assessing the radiation impact on
the personnel for the simulated accident. These are large fast engineering
programs implementing simple analytical formulae for the calculation of
ionizing radiation fields from the sources with various geometric configurations,
which may or may not take into account shielding, and may calculate the
allowed time for the personnel to work in the elevated contamination areas, as
well as assess doses for various exposure pathways. These codes implement the
IAEA recommendations and the latest databases taken from the international
standards. Such programs have been developed and are evolving. Currently our
software has the same level as similar foreign codes and for some functions
even has an edge over those.

A 8.1. “Nostradamus” software
Purpose and Application:
The computer system “Nostradamus" is intended for operative forecasting
of the radiation situation in the event of emergency or planned, normal releases
of radioactive materials from nuclear-hazardous facilities. It can be used for the
assessment of the environmental situation in the vicinity of facilities that release
radioactive materials to the atmosphere.
“Nostradamus" was developed for the simulation of releases of
radioactive materials and aerosols into the environment. It contains a database
of radionuclide properties (including dose conversion factors and half-lifes).
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Analysis of discharges to hydrological networks, as well as activity
migration in the environment at the intermediate and late phases are not
simulated by this system.
Limitations on the application of software depend on the parameter
ranges it has been tested for:
Windspeed - 1 - 20 m/s;
Source height – 0-150 m;
Spreading distance - 0.5-60 km.
Atmospheric condition – from stable state to unstable state. It is well
known that 6 stability classes of the ground air layer were proposed by Pasquille
to enable the use of standard weather observations:
Very unstable conditions;
Moderately unstable conditions;
Slightly unstable conditions;
Neutral;
Slightly stable conditions;
Moderately stable conditions.
The code may not be used for simulating dispersion of gases with a
density differing from air (light and heavy gases) at the initial stage. It also
does not support simulation of special weather conditions – atmospheric fronts,
breeze circulation, mountain valley circulation, still conditions.
The calculation may take into account non-stationary sources (both point
sources and volumetric sources) and the “polydispersed” character of the
release. Well-proven dose models and databases of dose conversion from NRB99/2009 are used to calculate doses.
The basis of “Nostradamus” computer system is the Lagrangian model
for atmospheric transfer.
Characteristics of the computer system:
a) Designed for personal computers;
b) User-friendly WINDOWS interface;
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c) Generates prompt forecasts – ability to work in real time: calculation of
an hour of actual transfer takes several minutes on a personal computer.
d) Overall modular structure of the system. To ensure prompt work of the
system it includes independent modules for input of source and weather
information. The modules may work independently in a computer network.
Separate modules of the system include the module for adaptation of the wind
field to the local landscape, and express modules for assessment of the altitude
of admixture due to convection.
e) Presentation of the calculation results in the most convenient view, in a
map image with color indication of areas where dose limits are expected to be
exceeded with a possibility to rapidly identify the dimensions of affected areas,
the number of inhabitants, etc. The software allows viewing and analyzing the
evolution of the situation in the territory of the calculated area and in separate
points (settlements).
Input data include the source data (position, release intensity, duration,
nuclide and dispersion composition) and weather data (wind speed and direction
at various altitudes, precipitation intensity, atmosphere stability category (or
synoptic data for determination of the stability category).
Output data of the system include ground air layer concentrations of
radionuclides, fallout density (distribution of near-ground and surface
concentrations in turn determine the dose loads on the population), as well as
forecasted doses and dose rates for various nuclides and exposure pathways.
Verification of the software has been performed. Experimental data used
for verification in total includes over 800 measurements of ground air
concentration in various experiments. The results of model verification
demonstrated that it outputs a fair assessment of the ground air concentrations
and may be used for a wider range of radionuclide spreading conditions,
compared to the standard methods.
Description of the model used in the computer system
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There are several approaches to the simulation of atmospheric transfer.
They differ in a range of factors affecting the processes of atmospheric
dispersion and the ways the effect of these factors is taken into account.
The most widely used and simple method is based on the so called
Gaussian transfer models. These models generalize the exact solution of the
stationary advection-diffusion equation with constant coefficients.
Gaussian models are simple and fast. They do not require a lot of
calculations. Constants used in standard models are determined by statistical
processing of multiple observations and experiments on admixture spreading.
Most of these experiments have been carried out in a narrow range of
conditions. Use of such experimental data is acceptable only for the conditions
when they were measured and when a sufficient number of experiments has
been carried out. Extrapolation of these data for other conditions of admixture
transfer requires care. Therefore analysis of safety and study of the features of
radionuclide dispersion in the atmosphere for the conditions different to those
considered requires additional research, including experiments.
The character of admixture spreading is strongly dependent on a large
number of external factors.
In this connection it is important to develop models that use concepts of
functional dependencies of turbulence parameters on external factors and take
into account the laws of atmospheric boundary layer similarity (BLS). These
models should be close to the results of the Gaussian models in the framework
of the conditions when sufficient experimental material is available. Such
models may form a foundation for increasing the accuracy of Gaussian
algorithms by extended differentiation of types of admixture spreading
conditions.
Currently the developed Lagrangian models of admixture spreading in the
atmosphere take into account the effects of non-uniform three-dimensional
windfield and non-uniform coefficients of turbulent exchange. They require
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substantially more calculation resources and time, than the Gaussian models.
Nevertheless, the current level of computers allows using them in real time
mode.
These models give good description of both the admixture transfer in
standard conditions (close to normal Gaussian models), and the experimental
data in non-standard conditions.
The described system uses Lagrangian trajectory model for simulation of
admixture transport in the atmosphere.
The cloud movement in Lagrangian trajectory models is represented by a
simultaneous movement of a large number of sample points. The admixture
dispersion in the atmosphere is simulated by stochastic movement that is
overlaid on regular process of the data points movement with the wind.
Stochastic atmospheric dispersion models may be separated into two
classes. The first class includes trajectory models with a random shift of
particles in a turbulent atmosphere. The second type includes models with
random velocity fluctuations determined by Langevin equation.
The models of the second type are complex and require many
calculations. Their input data includes statistical characteristics of atmospheric
turbulence. These models may be considered statistical.
The models of the first type are based on a simplifying assumption that
the time scale of diffusion is much larger than the velocity correlations. They
require setting empirical turbulent diffusion coefficients as input data. They are
less resource-demanding and may be used on personal computers. The model
we describe is of this type.
Nowadays the trajectory models of the first type have gone through a
rigorous methodical verification and are considered one of the most promising
numerical methods for the calculation of admixture spreading in a non-uniform
velocity field.
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Sample points simulating the contaminant jet are sequentially released
from the source in accordance with its intensity and each moves with a speed of
wind at the point of its location. This motion is overlaid by random deviations
simulating admixture dispersion in the atmosphere. The extent of random
deviations is connected to the turbulent mixing coefficient, which depends on
the condition of the atmosphere.
Thus, the trajectory model has the following advantages over standard
Gaussian techniques:
Ability to calculate contaminant transfer at the distances of hundreds of
kilometers;
Ability to take into account the non-uniformities of wind field within the
atmospheric boundary at a later time;
Calculations for sources of any configuration and form (point, area,
volumetric) and parameters changing with time;
Account for landscape impact on the spreading process;
Account for the effects of precipitation.
Examples of calculations performed using the “Nostradamus” system
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The results of radiation situation assessment in Murmansk obtained using
"Nostradamus" software.

Fig. A8.1. Dynamics of gamma-radiation dose rate in Murmansk, µSv/h
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Fig. A8.2 - Overall effective dose for children (1-2 years) over 10 days, mSv
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Fig. A8.3 - Overall effective dose for children (1-2 years) over 10 days, mSv
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Fig. A8.4. External gamma-radiation dose rate values for the first day after the accident,
µSv/h

A 8.2. “TRACE” software
1)

The computer code is based on a Gaussian model of atmospheric
transfer, which has a recommended applicability range of 10-20 km.

2)

The release is considered to be volley (immediate).

3)

The main advantage of the model is its simplicity and quickness, with
the calculation taking several seconds, therefore TRACE is used for
initial (conservative) express-assessment of the radiation situation and
radiation consequences.
The specialized geoinformational forecasting system TRACE is intended

for express-analysis of the radiation situation caused by release of radionuclides
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into the atmosphere. It also supports the assessment of possible doses for the
personnel and population, drawing thematical maps for support of decisionmaking in emergency situations, and the preparation of report forms.
The system includes a program module implementing the atmospheric
transfer model for calculation of spreading of volley radioactive releases in the
atmosphere and assessment of the impact of such releases on human and
environment.
The user can:
Set the parameters of radioactive release and calculate the simulation
results using atmospheric transfer model and display the results on the
map;
Add new objects and describe their characteristics;
Analyze the possible consequences of the release and generate a report as a
text file;
Save the current system status in a special configuration file for subsequent
analysis;
Record the simulation results in a standard format file for subsequent
printing out.
The list of target functions calculated by the model includes:
Contamination of the earth surface;
External dose from the cloud (effective);
External dose from the fallout (effective);
Inhalation dose (effective);
Inhalation dose (lungs);
Inhalation dose (thyroid, children);
Inhalation dose (thyroid, adults);
Dose rate.
This set of target functions is sufficient for the work of experts on
assessment of the possible radiological consequences for the population and
environment in most cases of hypothetical radiation accidents.

Examples of calculations performed using the “TRACE” system
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Fig. A8.5 - Dose from the Cloud, mSv

Fig. A8.6 - Effective Dose from the Surface over 10 days, mSv
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A 8.3. “Doza+” software
“Doza+” software allows rapid engineering calculations of the dose loads
on humans from sources of various configurations at various distances from the
source (point, linear, disk sources). It enables calculating external exposure
dose for the skin caused by skin and clothes contamination with beta-radiating
nuclides, assessing the radiation impact of gamma-radiation of the radioactive
cloud and the contaminated surfaces, and calculating internal exposure due to
radioactive materials intake by inhalation and ingestion.
The application is intended for use by specialists in the field of radiation
protection and radiation safety, emergency response and by the personnel of
emergency and rescue teams.
Examples of calculations performed using the “Doza+” system
External exposure from a source with known nuclide composition.
A) Calculation of the effective dose and dose rate at a distance from the
source (Example):
22

Na source with an activity of 2.3 Ci is located at a distance of 4 m from

human and covered by an iron sheet 1 cm thick. The task is to determine the
value shown by an individual dosimeter and the effective gamma-radiation dose
to be received by this man within an hour.
Parameters input
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Output window

Effective dose within an hour for a man will be 0.708 mSv, while the
dose rate in the room – 1.09 mGy/hour (which is approximately equivalent to
dosimeter readings on effective dose of 1.09 mSv/hour).
B) Assessment of the distance from the source using measured dose rate
values in two points on a same line with the source.
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A source was found to have been placed in concrete at the foundation of
the building. The depth of the source needs to be found. To do this, two
measurements of gamma-radiation dose rate were performed directly over the
source location. The distance between the measurements was 30 cm. The first
measurement was carried out in contact with the concrete. The dose rate values
at these points were 28 µGy/h and 4.5 µGy/h respectively.
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Parameters input

Output window

Distance from the source to the remote measurement point was 50.07 cm.
Therefore the source was at a depth of approximately 20 cm.
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C) Assessment of the source activity on the basis of a measured value of
the dose rate at a given distance

For inventory purposes activity of an

152

Eu source needs to be defined.

The source is located in a 84 mm thick lead container KIZ-50-M (we assume
the source is directly behind the lid). The dosimeter readings at a distance of 20
cm from the container surface were 260 µR/h. The source activity needs to be
assessed.
Parameters input

103

Output window

The activity of the 152Eu source is approximately 6.58x109 Bq or 178 mCi.

D) Assessment of allowed time for a human at a given distance from the
source.
There are two containers holding the source close to the working place of
a worker. One lead container with a wall thickness of 3 cm holds a 60Co source
with an activity of 8 mCi. The second one has wall thickness of 8 mm and holds
a

137

Cs source with an activity of 20 µCi. The distance to the container from the

worker is 3.5 and 2.5 m respectively. Allowed time of work of a worker under
such conditions needs to be found under condition that his exposure of 1
mSv/year is undesirable.
Parameters input
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Output window

The allowed time of work at this location is 1360 h/year.
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Attachment 9
Hardware used at “Nerpa” SY during the Exercise Arctic-2010, their
location and commutation
During the Arctic-2010 exercise at Nerpa SY hardware and switching
equipment were located in two rooms (the ESC room and the room of experts
and observers) of the administrative building, which is located beyond the site
boundary.
Figures A9.1 and A9.2 show hardware location in these rooms.

Fig. A9.1 ESC room at “Nerpa” SY during the exercise

A local area network was organized by technical specialists of IBRAE RAN
and Nerpa SY to provide connection of workstations and access to external
networks.
Overall diagram of LAN and the connected equipment is shown in figure
A9.3.
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Fig. A9.2. Experts and observers room at “Nerpa” SY during the exercise

Abbreviations used in figures:
КП-Т – personal computer for running and displaying the results of
calculations using the «Trace» program;
КП-N – personal computer for running and displaying the results of
calculations using the «NOSTRADAMUS» program;
КП-A – personal computer for running and displaying the results of
calculations using the «ASKRO» program;
КП-D – personal computer connected to the Internet and used for
running and displaying the results of calculations using the «DOSA+»
program;
КП-P – personal computer connected to the Internet and used to send
and receive mail messages;
ПП-42 – 42 inch plasma screen for display of videoconferencing
sessions;
ПП-32 – 32 inch plasma screen for display of video images from the
pier and the results of calculations using «Trace»,
«NOSTRADAMUS» и «ASKRO» codes;
ПП-19 – 19 inch computer monitor for display of video images from
the pier and the results of calculations using «Trace»,
«NOSTRADAMUS» и «ASKRO» codes;
КП – projector for display of videoconferencing sessions and, if
required, presentation information on the capabilities of the
organizations and services participating in the exercise;
ПФС – multi-functional device (printer, fax, scanner).
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Схема ЛВС

ВОЛС ГОУ ГОЧС
Маршрутизатор
Cisco 2811
10.43.14.17

Коммутатор
Cisco WS-2960-24
10.43.14.30

IP видеокамера
10.43.14.20
Ноутбук
10.43.14.22

Ноутбук
10.43.14.23

Proxy
10.43.14.28
Kramer
VP-66ETH
10.43.14.27

ПК
10.43.14.24

МФУ

ПК
10.43.14.25

МФУ

Коммутатор
D-Link DES-1008D

ВКС
Polycom VXS 7000

Точка доступа
D-Link DWL 2100AP
10.43.14.21

ПК для IP камеры
10.43.14.19

ПК ИБРАЭ
10.43.14.26

Fig. A9.3. Overall diagram of LAN and the connected equipment

Two types of hardware connection were used:
- UTP – cable lines connecting the hardware;
- WiFi – for hardware that cannot be connected to physical lines.
A special mailbox arctika_2010@mail.ru was set up to organize interaction for the
period of exercise preparation and conduct, which was used for communication with
all the involved parties. E-mail allowed operative exchange of message and logging
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the history of sending and receiving message, which was available to all the
participants of exercise preparation and conduct via the Internet.

Multipoint videoconference communications with exercise participants was
organized and maintained throughout the exercise in accordance with the “Plan of
Videoconference Sessions” (Attachment 10). Videoconference participants included:
- Nerpa SY;
- JSC CS Zvezdochka,
- USC;
- SC of the Government of the Murmansk Region;
- SRA “Department for CD&ES and FS of the Murmansk Region”;
- CIAP of MDHEM;
- FSUE SevRAO;
- SCC of Rosatom;
- EMRDC;
- SPA Typhoon;
- TCC IBRAE RAN.
The diagram of the videoconferencing system is shown in figure A9.4.
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6

13

17

ПП-50

Kramer VP-6x6 EHT

Аудио усилитель
18

Кабель VGA
Кабель Аудио
Кабель UTP 5
Кабель S-video

Fig. A9.4. Diagram of the videoconferencing system

Transmission of a televised image from the accident location (pier No. 3) to the
HQ was organized during the exercise.
The communication diagram of the presentation equipment is shown in figure
A9.5.
Also the following modes of information output to the projector were
programmed:
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Схема коммутации
Плазменная
панель 50"

ВКС
OUT
Audio
S-Video

IN 1
Audio
S-Video

IN
Audio
S-Video

IN 2
Audio
VGA

OUT
VGA
Audio

Проектор
Kramer
VP-416

IN
VGA
S-Video

OUT
S-Video
Ноутбук №1

IN
VGA

VGA
Audio

Ноутбук №2
VGA
Audio

ПК ИБРАЭ
VGA
Audio

Коммутатор
Kramer

Video in
Audio in

Video out
Audio out

Аудио
усилитель
IN

Fig. A9.5. Diagram of the presentation equipment

Diagram of the presentation equipment location is shown in figure A9.6.
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6

1

ПК-А
2

ПК-N

13
3

17

ПК-T

ПП-50
5

ПК

Kramer VP-6x6 EHT
7

9

ПК

М-19
ПП-32

Аудио усилитель
18

8

19

20

Кабель VGA
Кабель Аудио
Кабель UTP 5
Кабель S-video

Fig. A9.6. Diagram of the presentation equipment location

All hardware (presentation equipment, computers, LAN, videoconferencing
system, fax, copier, etc) functioned continuously throughout the exercise.
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Attachment 10
Plan of Videoconferencing Sessions
The plan of videoconference communications (VCC) with all the organizations
participating in the exercise was developed in process of preparation to “Arctic-2010”
exercise . The list of involved organizations is given in Attachment 9.
The VCC plan was tested many times both in a point-to-point and in multipoint
modes during the preparation of the exercise. Full scope videoconference
communication in accordance with the VCC plan was tested during the general
rehearsal of the exercise.
During the exercise videoconference, communication was established with the
exercise participants in accordance with the plan, and there were successful
communications, including with the IAEA emergency centre.
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X+35min

X+35min

4.

5.

X+30min

3.

X

X+25min

time

Operative

2.

1.

m

te

I

VCC Plan
VCC discussions

“Typhoon” – TCC IBRAE RAN

SRA CD&ES—MDHEM – SPA

“Nerpa” SY – SRA CD&ES

SPA “Typhoon” about transboundary transfer (via

forecasted turn of the wind to Murmansk

from MDHEM - on weather data, including

requests scientific and technical support:

SRA CD&ES reports about the accident and

accident and preliminary assessment f the release source

“Nerpa” SY informs SRA CD&ES about the

Introduction of the participants
“Nerpa” SY – SRA CD&ES – SCC of
Rosatom – CC of FSUE “SevRAO” –
TCC IBRAE RAN – SC of the
Government of the Murmansk Region –
CC of JSC “CS “Zvezdochka” – EMRDC
– SPA “Typhoon”
“Nerpa" SY – CC JSC “CS Report of FESC of Nerpa" Shipyard to the CC of JSC
“Zvezdochka” – SRA CD&ES – USC – "CS “Zvezdochka” about the accident
TCC IBRAE RAN
Request of “Nerpa" SY to TCC IBRAE RAN for
“Nerpa" SY – TCC IBRAE RAN – SRA
CD&ES
provision of scientific and technical support

VCC participants

115

X+50min

X+60min

X+65min

8.

9.

X+45min

7.

6.

SY

–

CC

of

FSUE

CC of FSUE “SevRAO” reports the results of

IAEA and northern countries.

assemble BESC experts and preparation of messages to

from the CC of FSUE “SevRAO” and on preparedness to

SCC of “Rosatom” reports on the message received

radiation situation assessment.

TCC IBRAE RAN reports preliminary results of

SY

–

CC

JSC

FSUE “SevRAO”.

RAN

“Typhoon”
transboundary transfer.

SPA

Rosatom)
informs

assessment

of

“Typhoon” – “Nerpa” SY - TCC IBRAE message was received from FMBA of Russia and SCC of

EMRDC reports the results of its work (the

"Nerpa" Shipyard

“CS Management of JSC "CS “Zvezdochka” assesses of

SCC of Rosatom – EMRDC – SPA

“Zvezdochka” – TCC IBRAE RAN

“Nerpa"

Rosatom

“SevRAO” – SRA CD&ES - SCC of radiation surveillance by the ML of subsidiary No.3 of

“Nerpa"

SCC of Rosatom - SRA CD&ES

“Nerpa" SY – TCC IBRAE RAN –

assessment

TCC IBRAE RAN about radiation situation

MDHEM)
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13.

12.

min

min

X + 2 h 30

X + 2 h 20

X + 2 h 10

11.

min

X+70min

10.

MDHEM

its vicinity.
informs

IBRAE RAN

“Nerpa" SY – SRA CD&ES – TCC

the Government of the Murmansk Region

“Nerpa” SY – SRA CD&ES – SC of

“Typhoon” – EMRDC - SCC of Rosatom -

MDHEM - TCC IBRAE RAN – SPA
“Typhoon”

informs

situation

assessment

weather

of

in

radiation forecast for Murmansk

TCC IBRAE RAN reports the updated results of

consequences.

completed (their actions) and preliminary assessment of

SRA CD&ES and “Nerpa” SY report on the work

messages for IAEA.

SCC of Rosatom informs on preparation of

actions of FMBA bodies.

EMRDC informs the medical consequences and the

and dose assessment).

Murmansk and its surroundings (data of ML, MT ARMS

SRA CD&ES informs the radiation situation in

transboundary transfer.

SPA

the

assessment and protective measures in Snezhnogorsk and

Discussion of the results of radiation situation

the Government of the Murmansk Region – Murmansk (wind turn)

“Nerpa" SY – SRA CD&ES – SC of

SRA CD&ES

“Nerpa" SY – TCC IBRAE RAN –
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17.

16.

min

X+5h

X + 4 h 30

X + 4 h 15

15.

min

X+4h

14.

IAEA and joint work with EMRDC, TCC IBRAE RAN,

SCC of Rosatom reports about notification of

measures

results of work and recommendations on protection

Report to the Government of the Murmansk

measures

SY “Nerpa” reports about the implemented

the Murmansk Region - SCC of Rosatom

release.

Government endorses and delivers the press-

regional ES and FS Commission

SRA CD&ES – SC of the Government of Region by SRA CD&ES and draft decision of the

“Nerpa" SY – TCC IBRAE RAN -

Rosatom – TCC IBRAE RAN - USC

“Nerpa" SY – SRA CD&ES - SCC of

get connected)

(here IAEA emergency centre may SPA “Typhoon”

TCC IBRAE RAN - SRA CD&ES

“Nerpa" SY – SCC of Rosatom –

SRA CD&ES

“Nerpa" SY – TCC IBRAE RAN – TCC IBRAE RAN jointly with SRA CD&ES reports the
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Attachment 11
Public Communication in Preparation and Conduct of “Arctic-2010”
During the preparation for the exercise IBRAE RAN experts on crisis
communication worked jointly with the press-service of Nerpa SY and specialists of
SRA Department for CD&ES and FS in the Murmansk Region. Together they
assigned roles and exercise duties and agreed on the approximate timeline for each of
the participants to deliver their public information messages (in accordance with the
accident scenario).

Press-service of “Nerpa” SY prepares for media:
- First press-release after annunciation of the ES mode (approximately at
12:00 – 12:30).
- Second press-release after localization of the accident (approximately
at 15:00 – 15:30).
SRA “Department for CD&ES and FS of the Murmansk Region”
prepares for the media:
- Extensive press-release after completion of radiation surveillance in
the settlements on the radioactive trace axis (approximately at 15:00 – 15:30).
Experts of IBRAE RAN (at TCC IBRAE RAN) play the role of
“journalists” (the journalists were played by Emergency Public
Information specialists operating from the IBRAE technical support
center in Moscow):
- Receive press-releases by fax/e-mail and ask questions using video
conference communication. Two special videoconference sessions were added
to the exercise scenarios for communication between the journalists (simulated
by the control cell at IBRAE) with the officials of Nerpa SY and the local
authorities: at 12:15-12:30 and at 15:00-15:30.
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Remote training for Murmansk specialists on preparation of urgent messages
about radiation accident for the media was held prior to the exercise. Three pressreleases were prepared by IBRAE RAN experts for the scenario of a similar accident.
Murmansk specialists were given the task to modify the texts of the press-releases
taking into account the local features of their organizations and local conditions.
Modified texts were returned to IBRAE RAN, edited and sent back to their
Murmansk colleagues. The training served to familiarize Murmansk specialists with
the basic principles of emergency public communication and specific messages on
radiation risk.
The head of NerpaSY press-service I.M.Anzulatova on the first day of the
exercise prepared the first press-release in accordance with the plan at 12:15,
coordinated the text with the director of the facility, and simulated sending it to the
media by 12:30. In reality, the press-release was faxed to TCC IBRAE where the
IBRAE RAN specialists playing the role of journalists and foreign observers
reviewed it.
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The second press-release of Nerpa SY was prepared at 13:25 and contained
more details of the accident. The text of the press-release is given below.
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The informational message for the media of Deputy Governor of the
Murmansk Region O.L.Tigunov was prepared with the help of specialists of SRA
Department of CD&ES and FS in the Murmansk Region. At 15:00 the message was
distributed among the media by simulation (received at TCC IBRAE RAN at 15:0815:15). The text of the information message is given below.
The press-releases of Nerpa SY received by the specialists of IBRAE RAN
were fairly concise and informative. The “journalists" had few questions regarding
their texts.
The informational message prepared by the regional authorities provoked a lot
of questions from the “journalists”.
However the “journalists” could not ask their questions using the
videoconference as both time intervals reserved for the “information attacks” were
involved in discussion of other issues.

The preparatory work of the press-service of “Nerpa” SY and SRA Department
for CD&ES and FS of the Murmansk Region on informing the population about the
radiation accident was judged as successful. However, leaving the informational
component of the exercise out of the videoconferencing schedule shows that there is
an underestimation of the importance of this component by the exercise management.
In this connection it is advisable to hold a special seminar and a comprehensive
emergency response exercise for the management of organizations – participants of
emergency response in accidents at nuclear and radiation hazardous facilities in the
Murmansk Region.
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Attachment 12
List of participants, foreign and Russian observers at the “Arctic-2010”
exercise
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Attachment 13
"Nerpa" Shipyard

A13.1 Location and description
The Nerpa shipyard is located on the south coast of the Kut Bay and on the
west end of Oleniya Bay in the Kola Gulf of the Barents Sea, 30 km to the north-west
(73 km by motor road) of the large sea port and railway station of Murmansk. Owing
to the warm Gulf Stream, the Kut Bay and approaches to it remain free of ice even in
severe polar winters. The shipyard’s site extends about 3 km from west to east; the
site width varies from 120 m to 1000 m. The total area occupied by the shipyard is
about 0.98 km2. The water area of the Kut Bay is also the shipyard’s water area. The
total water area near the shipyard is about 1.2 km2. The coastline is a steep rocky
slope. The bottom topography is gently sloping, with depths up to 45 m. Water level
fluctuations in this water area depend mostly on the tides and ebbs, which occur two
times a day. The tidal rise may reach four meters.
Approximately 5 km to the east of Nerpa, at the entrance to the Kola Gulf,
there is the town of Polyarny. To the north of the Oleniya Bay, about 3.5 km behind a
dividing ridge (100-400 m above the sea level) and on the coast of Yagelnaya Creek
of Saida Bay, there is the settlement of Gadzhievo. About 3 km to the south-west of
Nerpa, 80-140 m above the sea level, there is the town of Snezhnogorsk where the
shipyard’s personnel take residence. The housing of the town consists of buildings of
five-to-nine stories in height.
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Very near Nerpa, there is the Murmansk – Polyarny – Gadzhievo highway,
with an off-road to Snezhnogorsk. There are no other land roads connecting the
shipyard with the Kola Peninsula traffic arteries.
The key industrial and administrative buildings include:
1) Mechanical shops building;
2) Power unit № 1 (energy production);
3) Shop № 9;
4) Engineering building (administration);
5) Shop №15 (slipway).

Power supply to the shipyard is provided by Kolenergo via the main step-down
substation GPP-29 located 50 m away from the site. As power supply backup, Nerpa
has two 1000 kW diesel generators 5-2D-42.
Heat is supplied to the shipyard from one boiler house which has four boilers
of the DKVR-20/13 type. Annual heat consumption is about 120,000 Gcal.
The shipyard has a system of water treatment facilities located in the west end
of the site. Treated effluents are dumped into the Kut Creek of the Kola Gulf.
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Layout of the system for environment contamination monitoring of “Nerpa” SY site and control
area in Snezhnogorsk

All process shops and main buildings are equipped with forced ventilation. The
main ventilation system in the shops includes fans of the C4-70 type which provide
forced air intake in the shops and discharge air in atmosphere and air ducts. Special
premises are furnished with air purification systems.
There is an open pad at the site to store solid radioactive waste (with the area of
500 m2) located 150 m away from the water. The shipyard uses two floating tanks of
the PEK-50 type (capacity 50 t each) to store liquid RW.
Nuclear submarine maintenance afloat is supported by two floating radiation
control posts.
There is a specially equipped pier for NS refueling.
Radiation monitoring in the supervised and control areas around Nerpa SY is
performed in compliance with the requirements of the legislation of the Russian
Federation.
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A13.2. Production capacity

Nerpa shipyard was built in 1970 to perform maintenance and carry out repairs
of nuclear submarines and ships. Since 1994, the shipyard was selected to be the
principal enterprise for decommissioning nuclear submarines on the Kola Peninsula.
Today, the shipyard has also developed the capability of building and repairing civil
vessels.
The industrial shops and facilities of Nerpa SY provide the following types of
maintenance for water craft: navigation, routine maintenance, dock repairs,
preventive maintenance between cruises, retrofitting and modernization.
The shipyard possesses:
An assembly facility – a covered slipway;
Hull treatment facilities, incorporating a primary metal treatment line, automatic
plasma metal-roll cutting facilities and others;
A dismantling complex, including a high-performance guillotine for cables,
hoisting and handling facilities;
Mechanical repair shops with various machine tools etc.;
A copper tube shop;
Energy production facilities;
Water and transport shops;
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Two floating docks, water craft, warehouses, cranes and other tools and
facilities.

A13.3. Shipbuilding

The industrial capabilities of Nerpa enable building ships and water craft
intended for various applications, with launch weights over 10000 t and lengths of
more than 100 m. The shipyard has expertise in building floating piers, floating tanks,
floating radiation control posts, ship-raising pontoons, and fishing boats. Nerpa has
been building successfully operated small fishing boats of RS 02, RS 03 and RS 04
modifications for Murmansk fishery companies. The shipyard has arranged the
manufacture of pontoon sections for the floating piers ‘KUT’ and ‘URA’ of various
modifications. The experience of the shipyard allows building ships and vessels
intended for various applications, with various degree of fabrication – both the ships
fully ready to run and the hulls to be further furnished as necessary.

A13.4. Ship repair
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Nerpa shipyard was intended to provide technical support, repair and
retrofitting of the nuclear submarines of the Northern Fleet. Starting from 1974, the
shipyard has repaired and handed to the Navy over 30 nuclear submarines and more
than 80 ships, military and civil vessels, and other water crafts.
For a long time, Nerpa SY has been repairing surface ships and other vessels.
In 1990-2001, it repaired a whole range of military and civil surface vessels,
including research ships, refrigerating trawlers, tugboats, barges, floating cranes,
floating quarters and other water craft. In particular, Nerpa serviced the Academician
Lazarev and Geophysic research ships, Bunkerovshchik 1, Svir hospital vessel, and
others.
The shipyard has well-equipped facilities to perform repair and retrofitting of
ships and vessels, including two floating docks with the characteristics which allow
them to take in ships with displacement up to 12,000 tons.

A13.5. NS Decommissioning
Beginning in the mid-1990’s, one of the focuses in Nerpa’s activities became
the dismantling of nuclear submarines, surface ships, and vessels decommissioned on
the end of their service life. Following the RF Government ordinance № 644-47s of
31.08.92, in May of 1993 the shipyard began building a ship scrapping complex
intended to be used to dismantle nuclear submarines, surface ships and vessels. An
acceptance report was signed in 2005, and the complex was put into operation.
Since 1995, the shipyard has been actively involved in the decommissioning of
Navy ships having nuclear power installations. The RF Government ordinance № 518
of 28.05.1998 appointed Minatom of Russia as prime customer and coordinator of
the work on the decommissioning of the nuclear submarines of the Navy . As of
today, Nerpa has dismantled more than 80 ships and vessels, over 10 diesel
submarines and more than 30 nuclear submarines (including the Kursk) under this
ordnance and in the framework of various international programs.
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The nuclear submarine decommissioning process includes isolation (removal)
of the reactor compartment (or three compartments for submarines of recent
generations) and subsequent cutting of the remaining submarine parts and sale of the
resultant scrap.
The NS decommissioning is funded under a US investment project. The
complex includes an open slipway, a scrap processing shop, a process building, and
on-shore storage facilities for solid and liquid radioactive waste.
Considerable NS decommissioning experience and the continued build-up of
process capabilities allows Nerpa SY to undertake decommissioning of multipurpose
nuclear submarines. Thus, in 2004, following the Agreement* between the German
Federal Ministry of Economics and Labour and the Russian Ministry for Atomic
Energy, some activities to complete the ship disassembly complex were funded from
new technical assistance grants. (*on the provision of assistance in disposition of the
nuclear weapons reduced in the Russian Federation to fulfill the Global Partnership
agreements on preventing proliferation of mass destruction weapons and materials,
signed on 9 October, 2003)
There is also ongoing work at the shipyard on contracts with Germany and the
UK.
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Attachment 14
Murmansk Region

A14.1 Territory and Administrative Division
The Murmansk Region has the territory of 144,900 km2 (0.85% of Russia, 54th in the country). The region stretches from north to south to 400 km at its
maximum, and to 500 km from west to east. The distance between Murmansk and
Moscow is 1967 km. The population is 977,600 people, including urban population
of 895,400 people and rural population of 82,200.

The Murmansk Region incorporates the following territorial entities:
The City of Murmansk;
Towns and associated territories: Apatity, Kandalaksha, Kirovsk, Monchegorsk,
Olenegorsk, Polyarnyie Zori;
Districts: Kovdordskiy, Kolskiy, Lovozerskiy, Pechengskiy, Terskiy;
Closed administrative and territorial districts: Vidyaevo, Zaozersk, Ostrovnoy,
Severomorsk, Snezhnogorsk and Alexandrovsk.
Number of administrative-territorial entities: five districts, eight towns of
regional subordination, three towns of district subordination, three city districts, 21
urban-type settlements, 20 villages.
The center of the Murmansk Region is the city of Murmansk which has three
districts: Leninskiy, Octyabrskiy and Pervomaiskiy.
The Murmansk Region is situated in the north-west of the European part of
Russia, on the Kola Peninsula which is bounded by the Barents Sea and the White
Sea. It borders Norway and Finland on the west and neighbors Karelia on the south.
The regional center – Murmansk – has 399,000 residents. The city, surrounded
by hills, is located on the east cost of the non-freezing Kola Gulf, 50 km away from
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the entrance to the Barents Sea. Murmansk is the biggest transport nodal point in the
North-West of Russia, which provides year-round access to transit traffic via
international trading sea routes. Murmansk is the base of Russia’s sole nuclear icebreaker fleet, managed by Rosatom, which provides year-round navigation in the
Arctic. The vessels belonging to JSC Murmansk Shipping Company provide for one
sixth of all Russian overseas freight transport, and for nearly 70 % of the freight
activity in the Arctic.
The

main

industrial

cities

are

Murmansk,

Apatity,

Kandalaksha,

Montchegorsk, Kirovsk, Olenegorsk, Severomorsk.
There are three nature reserves in the region: Kandalakshskiy, Laplandskiy,
and Pasvik.

A14.2. Economy
Today, Murmansk Region is one of the largest and most economically
developed regions in the European North of Russia.
It is one of the most important regions as regards mineral reserves. More than
60 big deposits of various minerals have already been found on the Kola Peninsula.
Nearly three dozen kinds of minerals are mined there at present; the most valuable of
them are the ores of phosphorus, titanium, iron, aluminium, copper, nickel,
zirconium, and other rare metals. There are significant reserves of mica, ceramic
materials, primary products for building materials, capstone and semi-precious
stones.
Big oil and gas fields were found in an offshore area of the Barents Sea,
including the world-known Shtockman gas condensate deposit with 3.0 trillion cubic
meters of gas. When developed, this unique deposit will meet gas demand of the
entire North-West part of Russia over many years.
Murmansk Region is part of the Northern economic region. The principal
industries include mining (mining and processing of apatite and nepheline ores,
mining and enrichment of copper-nickel and iron ores); non-ferrous metallurgy
(smelting of copper, nickel and cobalt); fishing; and, ship repair.
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The largest enterprises are the “Nickel” association (Monchegorsk); the
“Pechenganickel” complex (Zapolyarniy; refined copper, nickel, cobalt, sulfuric
acid); “Kandalaksha aluminium plant” (primarily aluminium); “Olkon”; Kovdor
mining and enrichment complex (iron-ore concentrate); “Apatit” (Kirovsk; apatite
concentrate),

“Murmanrybprom”

association;

and

the

Nerpa

shipyard

(Snezhnogorsk).
The Murmansk region generates 1.8% of all Russian electricity. It is not only
self-sufficient in electricity, 60% of which is generated at the Kola nuclear power
plant, but also delivers it to Karelia and Finland. The local power supply system
includes a nuclear power plant, 17 hydro stations and five fossil plants.
The region has its own farming industry which partially solves the problem of
natural form food supply to people living in the North. Quite developed are livestock
farming, reindeer breeding and crop sector (fodder crops).
The farming area runs to 23,400 ha; area for crops amounts to 14,900 ha. The
nature and climate of this region lie beyond the Arctic Circle, limiting development
of local agriculture.

A14.3. Transport
The favorable geographic position of the region and its substantial industrial
development encouraged development of all kinds of transport. All existing ground,
air, and sea transportation lines support the traditional economic ties of this region
with Central Russia and positively affect the region’s cooperation with other
countries.
Murmansk is the biggest transport nodal point in the North-West of Russia. If
offers: transit traffic; a non-freezing port offering year-round navigation; and a direct
way to international trading sea routes.
The railroads are single-track (there is a two-track railway from Shonguy to
Murmansk). The track width is 1524 mm. The principal railroad Olenegorsk –
Murmansk has electrified tracks while others have diesel locomotives. For most of
their way, the railroads go on earth fillings, 2 to 12 m high. Bridges are made of
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reinforced concrete and have weight-carrying ability up to 60 t; there are also wooden
bridges with load ability up to 20 t.
Advanced motor roads have bituminous concrete surfacing, with 8 - 12 m wide
driveway part and 12 - 14 m road bed. Ordinary motor roads have asphaltic, cementconcrete, or gravel surface, with the driveway part 5 - 8 m wide, and 8 - 12 m road
bed. Unpaved motor roads (6-8 m wide) have sand-gravel bedding. Usually cars can
negotiate the unpaved and dirt roads from June to October; the rest of the year, only
cross-country trucks/cars can go through.

П1 4.4. Landscape
The Murmansk Region occupies the north-east edge of the huge Baltic shield
which consists of very old crystalline bedrocks of more than a billion years old
(granites, gneiss, quartzite, crystalline slates).
In its central part, the Kola Peninsula has the Khibini Mountain mass – the
highest and, probably, the best-known area on the peninsula. Steep slopes, huge
cirques, and snow remaining in hollows and crevices all year round, make these
modestly high northern mountains really grand. The mountains rise above the
surrounding plain all of a sudden, practically without any preparation. A specific
feature of these mountains is their “table” shape. Slopes are steep, even abrupt in
some places, while peaks are practically flat.
West from Khibini, there is a chain of low mountains – Chuna-, Monche-,
Volchie and Salnyie tundra; east the land runs to the Khibini – Lovozerskie tundra
(about 1000 m high). This upland system forms the Central Mountain Region. There
are low mountains near Kandalaksha (Kolvitslie tundra) and in the Pechenga region.
However, most of the territory is flat. The peninsula is symbolically divided
into a western and eastern part. The boundary between the two runs along the
Voroniya river valley, Lake Lovozero, Lake Umbozero, and the valley of the river
Umba. The western part is lofty; its topography features predominantly gently
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sloping elevations and valleys. The eastern part mostly has plains, and the territory
tends to be swampy in some areas.
South to the Central Mountain Region, there is a low land with numerous
swamps, lakes and infrequent uplands.

A14.5. Climate
The Murmansk Region has a singular climate differing from that of the other
Russian regions located beyond the Arctic Circle. Though in the north, the climate is
quite mild. Its most characteristic feature is probably sudden changes and very
unstable weather associated with frequent changes of the air mass.
The local climate is largely influenced by the warm humid air of the Atlantic
which comes from the west, and Arctic air coming from the north. The air coming
from the North Atlantic brings humid and warm weather in winter and humid and
cool weather in summer. Cold, clear and dry Arctic air brings cold, but it warms up
pretty quickly in summer.
The seas surrounding this region influence its weather both in winter and in
summer. In winter, they bring warmth (especially the non-freezing Barents Sea), and
in summer provide a cooling effect. This, however, does not make the climate
comfortable. With the strong winds and high humidity, even low frosts are very
harsh. Winter – the longest season there – lasts for more than six months, from
October to April.
The average monthly temperature in the coldest winter months (February and
January) does not drop below –14°С in the center of the region, and stays as high as –
9°С at the coast of the Barents Sea and –11°С at the coast of the White Sea.
However, there are large air temperature oscillations possible: ranging from –50°С to
4-10°С. The frosty days with the average daily temperature below –20°С are fairly
rare. The depth of the snow cover ranges from 25 to 75 cm in the lowlands, and
reaches 150-200 cm in the highlands. The number of blizzards per year is in the range
between 23 and 111, the blizzards usually start in October and end in May.
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The first signs of spring appear long before snow melting. In early spring, all
warmth coming from the sun goes to warm up the air and snow, and only after that,
the snow starts to melt rapidly. The last of the snow goes away only in May. Spring
comes later to the coast of the Barents Sea and White Sea.
Beginning with the end of May, sun does not leave the sky. The plants are
eager to take advantage of the sun being there all the time and quickly blossom out.
There is still snow in tundra, but sprigs of dwarf birch and willow trees, barely seen
out of snow, already turn green and shoot aments.
The same as spring, summer (season with temperature above 10°С) begins in
different time in different areas, depending on how far they are from a sea. Summer
lasts for about 2–2.5 months, from mid-June to the second half of August. Only July
and August are free from any frosts. The daylight keeps for most part of the day,
though the sun does not rise high. Summer temperature is not so high: +8°C in the
coastal areas and +13°C in the inland part of the peninsula, though sometimes it may
rise to +30°C.
The winds are very diverse. The most "stormy" territories are Kharlov Island
and Dalniye Zelentsy, where there 115-125 days with the windspeeed of over 15
meters per second in a year. The "calmest" locations with less than 10 days with the
windspeeed of over 15 meters per second in a year are Kola, Verkhnetulomskiy,
Pulozero, Yena, Apatity, Polyarnyie Zori.
The winds blowing from the Atlantic and Barents Sea bring moist air, which
promotes the formation of clouds and precipitations. There are 165 days with air
humidity over 80% in Murmansk. In average, there are 198 cloudy days and only 16
clear days. There are nearly 150 days per year with precipitations, and the total
amount of precipitation per year is 500 - 700 mm in average, and 900-1200 mm in the
highland territories; most of the precipitations take place in summer.

A14.6 Rivers and lakes
Numerous beautiful rivers and lakes make the Murmansk Region second to no
one, even to its renowned neighbor Karelia. Thousand of the lakes, connected by
140

short channels, are scattered among the hills. They occupy 6% of the Murmansk
Region territory.
The basins of the biggest lakes – the same as river valleys – are linked to
tectonic depressions, fractures and fissures. Such lakes have uneven bottom with big
depths, shallows and islands, and steep rocky banks. There is a big number of small
lakes – about a hundred thousand in this area. Rivers running in a hard crystalline
rock have multiple sand spits and rapids with very fast currents.
The water of the Kola Peninsula rivers and lakes is low mineralized; it is fairly
pure far from the residential areas.

A14.7. Vegetation
There are three vegetation zones on Kola Peninsula: tundra, forest-tundra and
forest. Tundra runs along the coast to the width of 30-60 km in the north and northeast of the peninsula. Main vegetation there includes moss, lichen, creeping varieties
of dwarf birch and willow; bush plantations along big rivers.
The forest-tundra belt lies 10 - 60 km to the south of tundra. Typical flora of
this area includes crooked birch forests with fir and low pine inclusions; various types
of shrubs and mosses. In relatively dry places, soil and rock are covered with a thick
layer of reindeer moss. There are vast berry fields (cowberries, cloudberries,
whortleberries, black crowberry) and lots of mushrooms (orange-cap boletus, browncap boletus, coral milky cap, russule).
The southern part of the peninsula – the forest zone – has pine and fir forests
with some inclusions of birch, aspen, mountain ash, willow, alder tree. All these
forest are very swampy, so that they have lots of shrubs, grass and moss vegetation.
The south-west of the Murmansk Region, Umba, Varzuga and Strelna basins are
particularly wooded.
In mountain regions, there is vertical zoning of vegetation: up to 300-400 m,
there are forests; from 400 m to 600 m there are crooked birch forests and shrubs, and
above 600-650 m there are only sparse shrubs and lichen.
141

A14.8. Fauna
Kola Peninsula has taiga and tundra animals: bear, wolf, hare, marten, fox,
squirrel, elk, reindeer, glutton, polar fox, and lemming. Muskrat and mink
acclimatized there; beavers were set free. Seal, bearded seal and other sea animals
live in the White Sea and Barents Sea. There are about 200 bird species on the
peninsula. There are lots of sea birds, such as sea gull, guillemot, and puffin. There
are willow grouse and ptarmigan in tundra, and hazel-grouse, wood grouse, black
grouse in the woods. There are 10 species of duck, goose, and swan on the lakes.
The sea washing Kola Peninsula, local lakes and rivers are rich in fish. There
are more than 110 species of fish in Barents Sea, and 22 of them are marketable (cod,
haddock, grouper, saury, сherring, plaice and other). There are sharks in the sea, and
pike, perch, grayling, cisco, loach, white fish, salmon and bulltrout in lakes and
rivers.

A14.9. Minerals
The Murmansk Region is unique in having huge mineral resources. More than
100 mineral deposits were found there. They include: The most important of them are
apatite and nepheline, copper and nickel, iron ores, cobalt, disthene, metals, ceramic
stuff, mica. Khibini Mountains are rich in various minerals – there are about 110
types of them. Deposits of iron ores, rare metals, apatite, muscovite and phlogopite
mica, vermiculite and pegmatite were found near Kovdor town. There is disthene
deposit near Keiva plateau. Murmansk region has deposits of semi-precious stones,
such as agate, garnet, amazon.
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Abbreviations List
ARMS
BESC
DNRS

DNRS
DNS
EMERCOM

EMRDC
ES
ESC
FESC
FMBA
FSUE
IBRAE-RAN
IERT

Automated Radiation Monitoring System
Branch Emergency Situation Commission
Department of Nuclear and Radiation Safety, which is the
Organization of Licensing and Permitting Activity of the
Rosatom State Corporation
Division of Nuclear and Radiation Safety
Decommissioned Nuclear Submarine
Ministry of the Russian Federation for Civil Defence,
Emergency Situations and Liquidation of the Consequences
of Natural Disasters
Emergency Medical Radiation and Dosimetry Centre
Emergency Situation
Commission for the prevention and mitigation of emergency
situations and fire safety assurance
Commission for the prevention and mitigation of emergency
situations and fire safety assurance of the facility
Federal Medical and Biologic Agency
Federal State Unitary Enterprise
Nuclear Safety Institute of the Russian Academy of Sciences
Irregular Emergency Rescue Team

LRW
MD DHMS

Liquid Radioactive Waste
State Agency "Department for Hydrometeorology and
Environment Monitoring"

MD EMERCOM

Main Department, Ministry of the Russian Federation for
Civil Defence, Emergency Situations and Liquidation of the
Consequences of Natural Disasters
Mobile Radiometric Laboratory
Murmansk Territorial Automated Radiation Monitoring
System
Nuclear and Radiation Safety
Nuclear Submarine
Operative on-duty expert
On-duty Dispatcher Service, On-Duty Shift (SCC)
JSC “Centre of Shipbuilding “Zvezdochka”

ML
MT ARMS
NRS
NS
OD
ODS
OJSC "CS
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“Zvezdochka”,
RCS
Roshydromet
RS
RSES

Radiation and Chemical Surveillance
Federal Service for Hydrometeorology and Environment
Monitoring
Radiation Surveillance

Russian System for Prevention and Actions in Emergency
Situations
RW
Radioactive Waste
SC
State Corporation
SCC of Rosatom
FSUE "Situation Crisis Centre of Rosatom"
SevRAO
Northern Federal Radioactive Waste Management Facility
SNF
Spent Nuclear Fuel
SPA "Typhoon"
Scientific Production Association "Typhoon" of Roshydromet
SRA “Department for State Regional Agency Department for Civil Defence,
CD&ES and FS”
Emergency Situations and Fire Safety
SRW
Solid Radioactive Waste
SY
Central Subsidiary of OJSC "CS “Zvezdochka” - "Nerpa"
Shipyard
TCC IBRAE RAN
Technical Crisis Centre of the Nuclear Safety Institute
Russian Academy of Sciences
UODS
Unified On-duty Dispatcher Service
USC
United Shipbuilding Corporation
ZATO
Closed Administrative and Territorial District
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