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Abbreviations list 
 ARMS — Automated Radiation Monitoring System 
 BESC — Branch Emergency Situations Commission of the State Corporation 

«Rosatom» 
 CD&ES — Civil Defence and Emergency Situations 
 CSMC — Crisis Situations Management Centre  of the Main Department of 

EMERCOM of Russia in the Murmansk Region 
 DDS — On-Duty Dispatcher Service 
 DHMS — Department of Hydrometeorlogical Service 
 DNRS — Department of Nuclear and Radiation Safety 
 EMRDC — Emergency Medical-Dosimetric Center 
 ERS — Emergency and Rescue Service  
 ES — Emergency Situation 
 ESC — Emergency Situations Commission of the Government of the Murmansk 

Region 
 ETC — Emergency Training Center 
 FESC — Emergency Situations Commission of FSUE «Atomflot» 
 FMBA — Federal Medical and Biological Agency 
 FSUE — Federal State Unitary Enterprise 
 FP — Fission Products 
 FS — Fire Safety 
 IBRAE RAN — Nuclear Safety Institute of the Russian Academy of Sciences 
 MD — Main Department 
 MRL — Mobile Radiometric Laboratory 
 NCSMC — National Crisis Situations Management Centre of EMERCOM of Russia 
 NNE — North-North-East 
 NPP — Nuclear Power Plant 
 NPU — Nuclear Propulsion Unit 
 NRB — Radiation Safety Norms 
 NSR — Northern Sea Route 
 NWRC — North-Western Regional Centre of EMERCOM of Russia 
 ODO — Operative on-duty officer 
 PC — Pressure Compensator 
 RI — Reactor Installation 
 RM — radioactive materials 
 SG — Steam Generator 
 SPA — Scientific Production Association 
 SCC — Situation Crisis Center 
 STSC — Scientific and Technical Support Center 
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Introduction 
The exercise «Arctic-2014» is held in the territory of FSUE «Atomflot» on June 23-24, 

2014 in the framework of the Agreement between the Government of the Russian Federation 
and the Government of the United States of America on cooperation in research on radiation 
effects to the purpose of minimizing the consequences of radioactive contamination on health 
and the environment, signed on 1/14/1994. The exercise was approved by the management of 
the State Corporation «Rosatom». 

In 2013–2014, the meetings regarding preparation and conducting of «Arctic–2014» 
exercise were held with the heads of FSUE «Atomflot» and heads of divisions and services 
responsible for the safety issues. 

During the meetings, the basic problems of organization, preparation and exercise conduct 
were discussed, and exercise program and plan were prepared. These documents define goals, 
objectives, participants, forces and methods of exercise preparation and conducting. 
Participants’ obligations on various stages of the exercise preparation and conduct were also 
defined. 

Experts of FSUE «Atomflot» and IBRAE RAN developed and agreed the scenario of the 
hypothetical emergency situation at a nuclear icebreaker. 
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The idea of the «Arctic-2014» exercise 

Exercise objectives 

1. Verifying the readiness of the personnel of the facility to localize an accident and mitigate 
its consequences; 

2. Training the actions of emergency response participants on protection of population, 
personnel, and environment; 

3. Testing the information transfer and interaction between the participants of emergency 
response. 

Main goals of the «Arctic-2014» exercise 

1. Practical application of the procedures of notification and response at the facility, local 
and federal levels. 

2. Testing the communication and notification systems. 

3. Testing the procedures of situation assessment and forecasting by participants of 
emergency response; 

4. Application of the decision-making procedures, including making decisions on protective 
actions for personnel and population, and engagement of the emergency plans. 

5. Practical application of the medical scenario of the exercise. 

6. Practical application of the mechanisms of public and media communication. 

Main Participants of the exercise 
● State Corporation «Rosatom»: 
♦ Federal State Unitary Enterprise «Atomflot» 
♦ Experts of DNRS; 
♦ FSUE «SCC of Rosatom»; 
♦ FSUE ETC SPb. 

● FMBA of Russia: 
♦ State Scientific Centre “Burnazyan Federal Medical and Biological Centre”, FMBA of 

Russia; 
♦ Southern Ural Regional Emergency Medical-Dosimetric Center of FMBA of Russia; 
♦ Scientific Research Institute of Industrial and Marine Medicine of FMBA of Russia; 
♦ North-Western Regional Emergency Medical Radiation and Dosimetry Centre of FMBA 

of Russia; 
♦ Central medical unit №120 of FMBA of Russia; 
♦ Regional Department №120 of FMBA of Russia. 

● Murmansk Region: 
♦ Department of CD&ES and FS of the Murmansk Region; 
♦ Main Department of EMERCOM in the Murmansk Region; 
♦ Murmansk Department of Roshydromet; 
♦ Regional Department of FMBA of Russia. 

● Scientific and technical support centres: 
♦ IBRAE RAN; 
♦ Emergency Medical Radiation and Dosimetry Centre(EMRDC) of FMBA of Russia; 
♦ SPA «Typhoon» of Roshydromet. 
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Executive Summary 
 
A) The exercise will combine the elements of a tactical exercise featuring practical 

training of personnel on emergency response and mitigation of its consequences with the 
elements of a tabletop exercise. 

B) The following actions of the personnel will be practiced during the exercise: 
● first aid to the people injured in the accident; 
● initial radiation situation measurements; 
● assembly of emergency and rescue unit of the facility; 
● notification and transfer of information about the emergency situation by the on-duty 

dispatcher of the facility. 
C) The following actions of the facility emergency situations commission may be 

described as the elements of the tabletop exercise: 
● sheltering the personnel not involved in the emergency management; 
● identification of the contamination location, at the site and in the vicinity of the facility; 
● organization of sanitary checkpoints in the site at the accident location; 
● carrying out initial measures on accident localization, including decontamination actions; 
● inspection of the affected icebreaker; 
● engagement of additional forces and assets to provide scientific and expert support of the 

counter-emergency activities. 
 
D) Scientific and technical support centres (IBRAE RAN, EMRDC, SPA «Typhoon») will 

be notified to provide the scientific and technical support. Interaction of the participants of 
emergency response will be organized. All available communications, including 
videoconference communication will be provided. Such a system will allow the participants to 
act in a single information environment at all stages of emergency drill, including the 
preparatory stages and debriefing. The results of the joint work shall include the assessment of 
the radioactive release source, as well as assessment of the dose loads on the population and 
recommendations on protective measures (if required).  

 
E) The following tasks shall also be executed during the exercise: 

● assessment of radiological consequences of the accident for the population; 
● measures on bringing the emergency icebreaker into a safe condition; 
● realization of «medical scenario» of exercise; 
● notification of IAEA about the accident. 

 
F) Special attention will be paid to MD «Murmansk» DHMS, which will execute the 

following actions after receiving the accident notification: 
● verify the function of Murmansk territorial system of automated radiation monitoring 

ARMS; 
● increase the frequency of observations at hydrometeorological stations; 
● provide data on weather situation at the location of the emergency icebreaker on request. 

 
G) In the course of the exercise, a special attention will be paid to communication with the 

media. Special centres for organization of such communications are created at the crisis 
centres of various agencies and at the nuclear facilities. The goal is to train the public 
communication procedures and to enhance the practical skills of interaction with the media 
and readiness to repel the «information attack» in case of an emergency situation, as well as 
practicing the interaction between the expert support teams and the press-centre in preparing 
the information messages about the simulated accident for the media. 
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H) Various technical elements of the territorial emergency response system of the 
Murmansk Region shall be involved in the exercise, with the highest attention paid to the 
following: 
● simulation of the data of Murmansk territorial automated radiation monitoring system 

(ARMS); 
● use of mobile radiation laboratories for radiation surveillance, transmission and display of 

simulated gamma-radiation measurements data. 
 

Scenario 
An initial event of the exercise scenario is an external impact on the icebreaker at the pier 

of the enterprise.  
The exercise scenario considers a leak of the 1st circuit system pipeline inside the reactor 

containment with a partial loss of functionality of the active emergency core cooling systems 
as a situation that may lead to overheating and partial loss of tightness of fuel elements of the 
reactor core at a nuclear icebreaker.  

 

Exercise stages 
1. Organizing notification and information transfer regarding the accident on the FSUE 

«Atomflot». 

2. Organizing the control and emergency divisions in mitigation the nuclear accident and its 
consequences. 

3. Organizing the interaction between FSUE «Atomflot» and the local Government on the 
reacting to the nuclear accident. 
 

Dynamics of the simulated emergency situation at the 
exercise «Arctic-2014» 

«X» + 0 — external impact on the nuclear icebreaker initiates an emergency situation at 
reactor installation 1 (RI-1); 

«X» + 3-5 s — pressure and level of coolant in the pressure compensator (PC) of the first 
circuit drops rapidly. The readings of the detector unit of radiation monitoring system 
(RMS) start to rise indicating a leak from the first circuit; 

«X» + 3-5 s after the moment of the accident beginning — pressure drop in PC of the first 
circuit that initiates activation of RI emergency protection, switching the RI to after-
cooling by initiating the activation of the first circuit purification and after-cooling 
system;  

«X» + 20-30 s after the moment of the accident beginning — further drop of pressure leads to 
stop of first circuit circulation pumps and closure of localizing valves at the 
purification system pipelines;  

«X» + 100 s after the moment of the accident beginning — drop of pressure in the reactor initiates 
water feeding from the pressure accumulators of the emergency core cooling system; 
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«X» + 200 s after the moment of the accident beginning — the warning setpoint is triggered, 
informing that the radioactive materials concentration inside the containment rises 
due to release of the first circuit coolant. Emergency setpoint is triggered 
immediately afterwards; 

«X» + 10 min — intense release of steam-water mixture from the first circuit, the level of 
coolant in the core is still maintained at the input of PC tube by feedwater from 
pressure accumulators. The values in the first circuit (pressure and temperature) 
simultaneously drop due to flow rate of steam release exceeding the steam generation 
rate in the core; 

«X» + 12 min — high flow rate leak of coolant leads to boiling of the coolant in the 
downward section of the reactor and reactor steaming. The level of steam in the 
downward section of the reactor then rises due to leaks of steam through «small» 
orifices; 

«X» + 15 min — the level of coolant above the core drops below the input of the PC tube, 
starting steam release from the RI; 

«X» + 20 min — gamma-radiation detectors in the control room indicate elevated readings; 
emergency setpoint is triggered, then the readings increase and keep rising; 

«X» + 40 min — a request is sent to the SCC of Rosatom to assess the potential evolution of 
the emergency situation and its potential radiation consequences. SCC forwards the 
request to STSC IBRAE RAN; 

«X» + 1 h 12 min —until this moment the heat extraction power in the steam generator (SG) 
is low, due to lack of flow in the first circuit. Heat extraction from the reactor in the 
steam condensation mode is limited to the presence of gas released from the coolant 
with drop of pressure in the after-cooling process. Also the low power of the SG at 
this stage is connected to the process of filling the SG in the second circuit; 

«X» + 1 h 20 min — an answer from IBRAE RAN is received, describing the preliminary 
assessments of the potential evolution of the emergency situation (up to partial 
failure of the fuel elements) and potential radiation consequences of such an 
accident; 

«X» + 1 h 40 min — level of coolant in the core continues to drop, steam leak from the 
reactor is started; 

«X» + 2 h 24 min — level of coolant reaches the top of the core. Thus, the time margin 
before the drying of the core in the considered scenario is at least 2.4 h; 

«X» + 2h 25 min — temperature of some fuel elements due to short-term drying of the core 
reaches the critical value, leading to swelling of the fuel elements and their 
subsequent failure with partial release of radioactive gases and some volatile 
radionuclides;  
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«X» + 2h 28 min — start of release of fission products (FP) from the fuel elements into the 
coolant with subsequent transport of RM in the first circuit and their release to the 
compartments of the containment; 

«X» + 2h 30 min — the pressure in the control room reaches critical value, an emergency 
valve is triggered. Steam-gas-air mixture from the control room is released to the 
atmosphere via the mainmast; 

«X» + 2h 31 min — some external sensors of the facility ARMS in the territory of FSUE 
«Atomflot» are triggered. 

 
Figure 1 Simulation of the territorial automated radiation monitoring system (ARMS) readings 

«X» + 2h 32 min –readings of the gamma-radiation detectors in the control room achieve 44 
mSv/h. Readings of gamma-radiation detectors in some work and living rooms have 
achieved 1-15 µSv/h. Maximum readings of the ship RMs correspond is 12 mSv/h; 

«X» + 2h 33min — the personnel succeeds in initiating the system of containment spraying 
in the control room, reducing the pressure of steam-air mixture; 

«X» + 2h 36min — analysis of the time dynamics of the ARMS detector readings shows that 
the radioactive cloud traverses north-north-east and reaches Lepse detector in 4 
minutes; 

«X» + 2h 37 min — analysis of time dynamics of the readings of facility ARMS sensors 
shows that the radioactive release cloud is moving in the NNE direction and the 
cloud mainly consists of radioactive noble gases, because the readings of the sensors 
after the passage of the cloud drop rapidly to values just above those before the 
accident; 
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Figure 2Simulation of the territorial ARMS facility readings in the administrative building FSUE 

«Atomflot» during the first 6 minutes after the accident 

«X» + 2 h 39 min — the personnel succeeds in initiating the system of emergency core 
flooding with the water of the second circuit. The temperature of fuel element 
claddings drops below critical, thus preventing further fuel element failures; 

«X» + 2 h 42 min — a dosimetric technician was enjured while conducting the radiation 
control including the control of surface contamination. Hence he cannot leave the 
room himself. Emergency team is formed to evacuate him from the radioactive 
action area. Since the man stayed in the room with the high radiation levels for 
relatively long time, his over-exposure is possible; 

«X» + 2 h 45 min — request sent to Rosatom SCC (with a copy to STSC IBRAE RAN) to 
perform assessment of the total activity of emergency release of radioactive 
substances based on the readings of facility ARMS system, as well as potential 
radiation consequences of such a release; 

«X» + 2 h 50min — readings of facility ARMS show that the radioactive cloud has left the 
site territory. The rise of gamma-radiation dose rates was insignificant, however 
there may be local hot spots in the territory of the site; 

«X» + 2 h 58 min — territorial ARMS sensor in Roslyakovo is triggered, but the measured 
dose rate increase is very low, just three times above the background and does not 
present any threat for the population; 

«X» + 3 h 10 min — an answer is received from IBRAE RAN with preliminary assessment 
of the total activity of emergency release of radioactive substances based on the 
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readings of facility ARMS system, and potential radiation consequences of such a 
release. An important conclusion of such assessments is that no doses above 1 mSv 
are expected for population anywhere outside the site of FSUE «Atomflot»; 

 
Figure 3 Preliminary estimations of the activity based on the ARMS readings, STSC IBRAE RAN 

«X» + 3h 25 min — the dosimetric exploration of the contaminated area starts. It is 
accompanied with the demarcation with the level 1 µSv/h (Figs. 5,6,7). Deactivation 
is scheduled for a later period. 

 
Figure 4 Scenario assessments of the density of radioactive fallout in the nodes of calculation mesh 

for a part of site territory after the emergency release of radioactive materials, MBq/m2 
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Figure 5 Scenario assessments of gamma-radiation dose rate 1 m above the ground in the nodes of 

calculation mesh for a part of site territory after the emergency release of radioactive materials, µSv/h 

 
Figure 6 One of the variants of dose measurement survey of the territory by two teams of radiation 

surveillance to delimit the contaminated area with dose rates above 1 µSv/h (in the centre of the 
circle — number of measurement point, next — dose rate value, µSv/h). The yellow line shows the 

boundary of the area with isoline of 1 µSv/h 

«X» + 4 h 00 min — coastal seawater samples in the vicinity of FSUE «Atomflot» are taken 
to analyze the total radioactivity and content of 131I and 137Cs isotopes;  

«X» + 4 h 20 min — assessment of the potential radiation consequences of the emergency 
release is received from CD&ES of the Murmansk Region. The main conclusion is 
that there was no exposure of the population of Murmansk and its surroundings 
above the limits; 

«X» + 5 h 00 min — first results of the measurements of isotope concentrations of 131I and 
137Cs in the samples of seawater in the vicinity of FSUE «Atomflot» are received. 
Concentrations of nuclides in seawater is low and even below the allowed values for 
drinking water according to NRB-99/2009. 
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Reference information of the FSUE «Atomflot» 

Location 
Federal State Unitary Enterprise «Atomflot» is a division of the State Corporation 

«Rosatom», which operates and maintains a fleet of nuclear icebreakers and auxiliary 
ships. 

FSUE «Atomflot» is located in two kilometers from the northern boundary of the city 
of Murmansk and has a total site area of 17.2 hectares. A part of its territory was formed 
by dumping rock soil into the water of the Kola during construction of the facility in 70-
80s of the previous century. 

Main activities of FSUE «Atomflot» 
● Ice pilotage of vessels on the Northern Sea Route (NSR) and to the freezing ports of 

Russia;  
● Container shipping with atomic lighter ship Sevmorput;  
● Support of expeditionary, scientific and research works aimed at studying hydro-

meteorological conditions of seas and mineral and ore resources of the Arctic shelf adjacent 
to the northern coast of Russia;  

● Emergency and rescue ice operations on the Northern Sea Route and freezing seas;  
● Common and special technical maintenance and repair works of the atomic fleet;  
● Handling nuclear materials and radioactive wastes.  

 

The current fleet of the company includes four nuclear icebreakers with a two-reactor 
nuclear propulsion unit with a power 
rating of 75,000 hp. These are nuclear 
ships «Rossiya», «Sovetskiy Soyuz», 
«Yamal», «50 let Pobedy»; two 
nuclear icebreakers with a single 
reactor 40,000 hp propulsion unit, and 
a nuclear lighter ship «Sevmorput» 
with a similar reactor. The nuclear 
maintenance fleet includes two 
floating maintenance bases «Imandra» 
and «Lotta», special tanker 
«Serebryanka» used for transportation 
of liquid radioactive waste, and dose 
metering ship «Rosta-1». 
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Reference information of the Murmansk Region 

Territory and administrative division 
The Murmansk Region is a federal subject of the Russian Federation, located in the North-

West of Russia, and formed on 28 May 1938. The region is bordered by Norway and Finland 
to the west and Kareliya to the south. The distance from Murmansk to Moscow is 1967 km. 
● Area — 144 902 sq. km 
● Population — 771,000 (2014), inclu-

ding 715.1 thous. of urban population, 
and 55.9 thous. of rural population. 
The following types of territorial 

districts are included in the Murmansk 
Region: 12 city districts and 5 municipal 
districts. Municipal districts include 23 
settlements, including 13 urban and 10 
rural. There are 16 towns, 12 urban 
settlements and 109 rural settlements in 
the Region. 

The center of the Murmansk Region 
is the city of Murmansk. The city has 
three districts: Leninsky, Oktyabrsky, 
Pervomaysky. 

The Murmansk Region is located in the north-west part of the European Russia, in the 
Kola Peninsula, which is washed by Barents and White seas. The region borders upon 
Norway and Finland in the west and Kareliya in the south. 

The population of the regional center — city of Murmansk — is 399 thousand people. The 
city is located on the hills on the east coast of the unfreezing Kola Gulf 50 km far from the 
Barents Sea. Murmansk is a major transport junction in the North-West Russia: transit 
transport connections, an unfreezing port navigable throughout the year with a direct 
connection to international sea trade routes. Murmansk is the base of a nuclear icebreaker 
fleet, which provides round the year navigation in the Arctic. 

The main industrial cities are: Murmansk, Apatity, Kandalaksha, Montchegorsk, Kirovsk, 
Olenegorsk, Severomorsk. 

There are three nature reserves (national parks) in the territory of the region: Kandalaksha, 
Lapland and Pasvik. 

Economy 
Today it is one of the largest and most developed regions in the European North Russia. 
The region holds the leadership in the mineralreserves. Over 60 major deposits of various 

mineral resources have already been discovered in the subsoil of the Kola Peninsula. Over thirty 
different types of minerals are currently mined in the region, with most important being 
phosphorus, titan, iron, aluminium, copper, nickel, zirconium, and other rare metals. There also 
are large deposits of mica, construction raw materials, decorative stones, semi-precious stones. 

Large oil and natural gas fields, including the world-famous Shtockman gas field. 
Development of this unique field will provide amount of gas sufficient for the entire North-
West of Russia for many years. 

The Murmansk Region produces 1.8% of electricity in Russia. The produced electricity, 
60% of it at the Kola NPP, not only covers the own demands of the region, but is also 
exported to Kareliya and Finland. The energy system includes: NPP, 17 hydroelectric power 
plants and 5 thermal power plants. 
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The Region has its own agricultural production, which partly covers the north population 
fresh food supply. Animal and deer husbandry is developed, along with forage crops growing. 

The total area of agricultural lands is 23.4 thousand hectares, with 14.9 thousand hectares 
used for crop-growing. The natural and climatic conditions limit the capabilities of local 
agriculture. 

Transport 
Favorable geographic position of the Region and developed industry have affected the 

development of all types of transport. All the available land, air and sea transport 
communications provide traditional economic connections of the Region with the centre of 
Russia and ensure the favorable conditions for enhancing the international cooperation. 

Murmansk is a major transport junction in the North-West Russia. It has transit transport 
connections, an unfreezing port navigable all the year round with a direct connection to 
international sea trade routes. 

The railroads are single track (the section between Shonguy station and Murmansk is two 
tracks). The main railroad Olenegorsk-Murmansk is electrified, while the rest of the railroad 
uses diesel power.  

The federal motorway М-18 «Kola» from St. Petersburg through Petrozavodsk, 
Murmansk, Pechenga to Norwegian border (international checkpoint «Borisoglebsk») runs 
through the territory of the region. 

Landscape 
The landscape of the Murmansk 

Region has a large number of lowlands, 
hills, mountains, and depressions with 
rivers and lakes. The altitude of these 
elements varies greatly. The mean 
altitude of the surface of the Murmansk 
Region is 232 m above the sea level. 
Approximately 75% of the territory lies 
below the mean level.  

Most of the surface (about 80%) lies in 
the range of 100-350 m above sea level. 
The highest point reaches 1200 m (mount. 
Yudychvumchor in Khibiny Mountains). 
Murmansk Region is located in the continental part of European Russia on three Peninsulas 
(Kola, Sredniy and Rybachiy) and islands in the Barents and White Seas (the biggest one is Kildin 
island). The largest territory in the Murmansk Region is the Kola Peninsula. The natural border 
between the peninsula and the continent runs along the depression formed by the Kola Gulf, 
valley of Kola River and valley of Niva River. The smallest peninsula, Sredniy, adjoins the 
continent in the North-West, and the Rybachiy Peninsula, also not large, joins it in the North. 

Climate 
Climate in the south part is mildly cold, and in the north part — subarctic maritime, 

mediated by the warm North-Atlantic current(north-eastern continuation of Gulfstream), this 
allows round the year navigation. Mean air temperature of the coldest months (January-
February) ranges from -8 degrees in the North of the region (due to the effect of warm 
current) to -12-15 degrees in the centre. The appropriate summer temperatures are +8 and +14 
degrees. Minimum winter temperature is -35 degrees on the Barents Sea coast, -45 degrees on 
the White Sea coast and -55 in the centre of the region. The appropriate summer maximums 



Exercise «Arctic-2014» 

16 

are +27, +32 and +33 degrees. Due to 
high air humidity and strong winds even 
minor frosts are hard to bear. Frosts are 
possible in any day of the summer, 
occasional snowfalls are observed in 
June. Strong winds are frequent in the 
coastal areas and mountain plateaus (up 
to 55-60 m/s). The snow cover lasts 
from mid-end October to mid-May (in 
the mountainous areas from end of 
September to mid-June). 

Hydrograph 
In the past, the Kola Peninsula was 

covered by a glacier, then the glacier 
retreated, leaving fractures along the 
surface, therefore there are a lot of rivers 
in the Murmansk Region (Varzuga, 
Umba, Niva, Voronya, Kola, Tuloma, 
the longest — river Ponoy) and lakes 
(Umbozero, Lovozero, and the biggest 
one — Imandra).There are also small 
rivers, e.g. Strelna. The water resources 
are not limited by the inner waters and 
seas, there are large resources of water 
in underground layers. There are more than 110 thous. Lakes with an area of over 10 ha and 
18,209 rivers more than 100 m long. 

Flora and Fauna 
Murmansk Region is entirely 

covered by tundra and forest tundra, 
except the south of the region where the 
northern taiga is present. The trees are 
frequently dwarf species (birch and asp), 
good growth is demonstrated by spruce, 
occasionally pine can be found, tundra is 
covered with moss and lichen, there are 
a lot of berries: blueberry, cloudberry, 
bilberry, cowberry and cranberry. There 
are large reserves of wood, surpassing 
the needs of the region. 

Fauna is relatively poor, with the water fauna being more diverse than the land one. 
Among the animals are foxes, martens, wolverines, ermines, occasionally polar foxes, wolves 
and brown bears, there are large numbers of moose and reindeer, many squirrels and 
lemmings. 

Birds include white grouse, polar owl, also blackcocks and wood grouse, in the forests 
birds include bullfinches, tits, wax birds. There are many seagulls, terns and other sea birds. 

Lots of fish species are produced in Murmansk such as cod, ocean perch, halibut, catfish, 
flounder, herring. Lakes and rivers are rich with valuable fish like trout, salmon, pollan, 
grayling, lake char, nelma, arctic char. There are a number of perches and pikes. 
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