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The Reports (Parts I and IT) dealing with environmental safety of nuclear icebreakers in the .
Arctic (Sub-Program IT of INSROP. Environmental Safety) present results of a conservative
assessment of the impact produced by radiation components of an icebreaker nuclear accident
on the personnel, population and environment. The Reports show that in case of an accident
contemplated in the technical documentation radiological situation on board the icebreaker
and in the nearest surroundings is within the sanitary standards. In case of an accident not
contemplated in the technical documentation radiation impact on the ecological systems
differs from the normative values. In this case a package of organisational and engineering
and managerial decisions is needed to mitigate that impact on the personnel, population and
environment to an acceptable low level.

The aim of this work is to investigate the environmental safety of using the Russian nuclear
icebreaker in Arctic shipping under the International Northern Sea Route Programme.

Practical experience gained in safe operation of "Rossia" and "Taimyr" type nuclear
icebreakers verifies the high quality of the nuclear power plants used in the icebreakers as
well as the high qualification and professional training of the personnel wich makes it
possible to operate the plants trouble free.

The proper technical condition of the nuclear powered ships and personnel safety on board
them is ensured in compliance not only with the requirements of the national but also with
those of the international documents, such as:

e IMO Resolution A.491(12). Code of Safety for Nuclear Merchant Ships. 19.11.1981.

e A Report by the International Nuclear Safety Advisory Group of the IAEA
(No.75-INSAG-3).

e IMO Resolution A.741(18). International Management Code for the Safe Operation of
Ships and For Pollution Prevention (ISM Code). 04.11.1993.

e IMO Resolution A.788(19). Guidelines on Implementation of the International Safety
Management ISM) Code of the Administrations. 23.11.1995.



e Safety Management Manual. SMS - 001. Safety Management System, Murmansk
Shipping Company. 1997.

The icebreakers are operated in accordance with the fundamental safeguarding principles:

e managerial principles including establishment of safety culture, responsibility of operating
organisation, checking of the fleet’s operational activity involving safeguarding;

e principles of structural defence in depth including organisational and technical measures to
prevent nuclear - and radiohazardous accidents and mitigate their after-effects on the
personnel and environment;

e technical principles including tried engineering activity, good marine practice, proper
training and qualification of personnel, crew members, continuous evaluation of the NPP
technical condition, radiation protection, generalisation and use of operating experience.

In compliance with the requirements of the service and technical documentation and
requirements set forth below, Russian legislation relating to use of atomic energy in Russia,
the Operating Organisation (Shipowner's Administration) plans and puts into effect a
package of precautionary measures to ensure safe operation of the Fleet and maintain
appropriate readiness to mitigate negative consequences of an accident the likelihood of
which is low but can not be completely precluded.

As the result of an analysis made to assess possible after-effects of the icebreaker nuclear
accident proposals have been worked out to establish informational support to the accident
control process and to design organisational and technical measures to minimise radiation
impact produced by the accident.

However, for the purpose of the international shipping in compliance with the INSROP
program use of the informational support of the existing Marine due to linguistic differences
in the software, routing of information flows and lack of the used program adaptation
protocols.

With the aim of informational support to the international navigation in the Arctic, assisted by
the Russian icebreakers, work shall be performed within the INSROP framework to eliminate
the above differences, which hinder integration of the information systems. The requirements
of the Federal Law as applied to the international exchange of information on nuclear
accidents shall be taken into account.

The list of top priority works on integration of the. Russian and INSROP information systems
is given In Appendix 3, Part IT.
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INTRODUCTION

The feature of navigation in the Arctic seas is the need to use the nuclear icebreakers of
"Rossia" and "Taimyr" type that provide regularity and safety of navigation along the
Northern Sea Route.

The operating experience of the Russian nuclear icebreakers since 1960 shows that the
probability of a nuclear or a heavy radiation accident is extremely low. Within the specified
period of time there were no incidents entailing over-irradiation of people or environmental
contamination outside the limits prescribed for normal operation.

To estimate of the risk for environment

Failure statistics of powerplants at sea confirm relatively high reliability of NPPs on the
whole as well as their basis components, which is much better than the average values for
diesel power plants (Table I.1).

Table I1.

Reliébility Criteria of NPPs of ""Arctica"-type Icebreakers

Mean time to emergency
stop at sea, 1 » 10°, 1/h 3.4 0.2 1.4 1.5

Mean recovery time, .
1+10%, 1/h 35.7 22.2 45.5 26.3

Time to emergency stop at sea due to reasons related to the NPP (abt. 300 h for NPPs in
general, abt. 700 h for EPS and steam turbine system (STS), and abt. 5600 h for NSSS, with
recovery times, respectively, abt. 3; 4; 2; and 4.5 h) is determined primarily by malfunctions
in cooling sea water supply under ice conditions (abt. 60% of all failures) and by failures in
STS control systems. The reactor scram takes place as seldom as once a year on the average
per reactor and relates mostly to the modes of the NSSS start-up. And not a single emergency
case resulted in an aggravated radiation situation onboard or to personnel radiation
overdosing.

The NPP reliability data quoted above are, on the one hand, the result of high quality of the
equipment , of a sufficient (and even excessive, for certain systems) degree of redundancy,
and of strict fulfilling of maintenance procedures. On the other hand, they require serious
attention to further improvement of seawater intake design (ice chests and intake gratings)
and cooling system structure, and to the improvements in the design and structure of
monitoring and control systems.



Mean annual labour requirements for NPP maintenance both in operation and under base
conditions, carried out mostly (85% to 90%) by highly skilled shipboard personnel, is approx.
1600 man-hours per 1 MW of NPP rated output; this is 1.4 to 1.7 times lower than for today's
diesel-electric icebreakers, and related mostly (more than by half) to STS and EPS systems.

Replacing the strictly calendar scheduled maintenance with the preventive servicing of STS
end EPS equipment and some NSSS subsystems by their actual technical state, on the basis of
wide use of equipment diagnostics facilities (mainly by acoustic emission and vibration
measurement methods), provides possibilities to reduce maintenance labour by 20-25% and

to relieve ships' crews; for the time being, these possibilities are not used to a sufficient
extent.

The purpose of this work is to analyse environmental safety (radiation component) assurance
in using the nuclear icebreakers of the Russian Federation in navigation under the
International Northern Sea Route Programme.

1. The nuclear icebreakers have been designed and built under supervision of the
Register of the USSR, Supervisory Bodies of the Ministry of Merchant Marine,
Ministry of Public Health and State Committee for Supervision over the Safety of Work
in Nuclear Power Engineering of the USSR in compliance with the requirements of
such documents as:

e "Rules for the Classification and Construction of Nuclear Ships", Register of the
USSR; A

e '"International Convention for the Safety of Life at Sea" as applred to the nuclear
ships;

e '"Rules for the Nuclear Safety of the Marine Nuclear Power Plants";
e "Radiation and Health Requirements for the Nuclear Ships";
e "Radiation Safety Standards";

e '"Basic Sanitary Rules".

Workmanship in manufacturing and installation of the power equipment, results of the
dockside and sea trials of the power plant and nuclear icebreakers have been
documented in the acceptance certificates and the USSR Register's documents specified
by the relevant international conventions.

The crews of the nuclear icebreakers have been manned by specialists who have an
appropriate professional training and practical experience in operation of ships with
nuclear power plants.

Organisation of the service on board the Russian icebreakers complies with the
requirements set forth in the "Supplement to the Regulations for Service on board the
ships of the Ministry of Merchant Marine of the USSR. Nuclear ships and Nuclear
Support Ships". The above "Supplement..." specifies responsibilities, rights and duties
of persons who attend continuously and directly the marine nuclear power plants and
contains their duty.

The nuclear icebreakers are operated in compliance with the "Supplement to the



Regulations for engineered Marine Operation. Nuclear ships and Nuclear Support
Ships" which prescribes specific features of operation such as: base conditions, repair
and maintenance, organisation of potentially nuclear- and radiation-ltazardous work.

2. The nuclear propulsion plant has been so designed and arranged on board the
lcebreaker as to ensure protection of the crew members, public and environment against
radiation exposure both in normal operation and during design basic accidents by
setting up successive barriers in the potential outlet paths of radioactive substances.
Safety of the plant is ensured by devices and systems for normal operation as well as
safety systems intended for reliable shutdown of the nuclear reactor, cooling the core
and limitation of the accident consequences. In particular, among the’safety systems
are:

e reactor control and protection systems;

¢ residual heat removal system;

e emergency core cooling system;

e containment pressure suppression system.
Functioning of the propulsion plants of the icebreakers is maintained by the ship's
systems:

e power supply (electric power, working media);

e automatic and remote control and monitoring of machinery and devices;

e data and computing;

e radiation dosimetry and monitoring.

The above devices and systems maintain safe operation of the nucleat propulsion
plants, satisfying the single failure criterion.

The icebreakers currently in operation carry pressurised water reactors which have a
negative temperature reactivity coefficient of moderator (coolant) and negative
temperature coefficient of nuclear fuel (Doppler effect). The said fact is a powerful
means to maintain the reactor in safe condition.

3. All-the-year-round navigation in the Arctic seas is supported by the
appropriate number of nuclear icebreakers available on the Northers Sea Route,
depending on the climatological, seasonal, hydrometeorological and ice conditions,
composition and structure of the convoy.

In view of the fact that development of an emergency situation on board the nuclear
icebreaker is an event of random nature in terms of time and space, wihich depends on
many factors (technical condition of the plant, qualification of the personnel, natural,
ice, hydrometeorological, navigational conditions etc.), potential radiation exposure can
affect vast area from the Barents Sea to Bering Straits.

The port calling procedure for the nuclear ships is governed by appropriate IMO and
TAEA recommendations and "Rules for Radiation Safety of the Sea Trade Ports of the
USSR when Visited by Nuclear Merchant Ships", based on the icebreaker safety data
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with due regard for hydrometeorological conditions of the point of call the ship will be
allotted basic berth or anchoring place as well as an additional remote berth in
accordance with the port emergency plan for use in case of an emergency.

As a rule the Port Administrations have no Radiation Safety Services at their disposal
and in such a case the Emergency Plan provides for use of the shipboard radiation
dosimetry and monitoring facilities. The Plan provides also for introduction of limited
(supervised area) or controlled access areas in the event of radiation accident.

4. The Russian nuclear icebreakers have been provided with an advanced
information complex, which makes it possible to assess the radiological situation both
under normal and emergency sailing conditions.

There is service and engineering documentation specifying action of the crew under
extreme conditions and procedure for notification of the appropriate administrative
arrangements about the incident occurred. Work is underway to integrate the shipboard
local computing networks into a single information system which will make it possible
not only to record the actual situation but also to predict development of the accident
and to work out and take on that basis a best decision as to confine the accident and
eliminate its consequences.

The INSROP project contemplates development of an information system (definition of
database contain and establishment of a infrastructure required for functioning of same)
to the interests of international shipping along the Northern Sea Route. The process of
creating such a system should incorporate joint development of specific requirements as
applied to organisation of protocols for entry into the communication information
subsystems to be developed under the INSROP project, use of similar charts for
conjunction of the geographical data, unified standards for communication channel
hardware.
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1. ACCIDENTS ASSOCIATED WITH NPP MALFUNCTIONS

Among the after-effects of NPP and NSSS malfunctions may be emergency rise of the
neutron power, pressure and temperature within primary coolant system, reduction or failure
of core heat removal. Development of emergency situations caused by such malfunctions is
confined by safety systems facilities stipulated by the project, which are automatically
actuated.

The purpose of analysis of accidents is to identity variation range of data and parameters
defining the NPP condition. If the results of the analysis show that during the accident no data
fall outside the limits set from strength considerations and reliable core cooling is achieved
this is to be taken to mean that such developments entail no radiation after-effects and do not
affect environmental safety of the nuclear icebreaker.

The main means to prevent development of malfunction and confine same when the data
reach safety limits are: '

e actuation of the reactor shut-down system (scram);

e extreme reduction of the reactor power;

¢ cut-out of failed equipment and actuation of the stand-by and emergency items of the

safety equipment.

‘When the reactor emergency protection comes into action the following operations will be
automatically performed:

e emergency control rod groups insert with an emergency velocity into the core to a
certain position;

e emergency and stand-by electric power sources are started;
o feed valve closes at a closing rate of 5% per second up to 5% of the rated flow rate;
o all the PCP change to low speed;
e non- essential steam and electric power loads are cut off;,
¢ emergency and stand-by feed pumps are started.
When the reactor power is urgently reduced from alarm signals operated on PCP trip, main

condenser failure, excessive consumption of feed water the following actions are
automatically initiated:

o feed valve closes at a closing rate 5% per second up to preset position;

e reactivity control rod groups insert with an emergency velocity into the core;

s reactor power become stable at a preset level.
The results of analysis of the emergency situations caused by the NPP and NSSS
malfunctions, made on condition that the initial event is taken to be the failure of normal

operation device, coincident with the single failure of safety system which operation is
needed under these conditions or the operator error are given in Table 1.1.
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As an example, Fig. 1.1 and 1.2 show time variations in data characteristic of the NSSS state
in a "Taimyr" type icebreaker during emergency incidents caused by uncontrolled
introduction of positive reactivity for the alternatives: when the plant runs at 100% and 10%
power respectively. It was assumed in the process of analysis that in consequence of a fault in
the automation system the most efficient reactivity control rod group that moves to the
topmost position and the operator did nothing to stop this.

Withdrawal of the CG during power operation results in generation of warning signals related
to power, pressure and temperature (operation at 100% power) or solely to primary circuit
pressure (operation at 10% power) with the normally functioning CG lowering to compensate
increased reactivity and parameter divergence.

" The analysis of the accident (Fig. 1.1, 1.2) shows that the reactor data do not fall, throughout
the transient process, outside the acceptable values. '

Despite the fact that in the emergency situations under consideration the reactor data lie
within the acceptable limits the possibility of depressurisation of the primary pressure
boundary due to hidden flaws cannot be completely ruled out. Accidents involving loss of
leaktightness in the primary pressure boundary and assessment of after-effects of same will be
discussed in the next section.



13

o o @ o w g
2'3

2

x9 ﬁm
60
g
N 2%
Y, . ] w N
llI\((I)?()\()\(/))K()\()l\\\\ L o
L oz
Lt oo
: w .o

IKJ\/\<<<<<<</§§(2)\<()\(HS(\\\!&AQa
7 b oge
x\)/\)/(\/\a\/\/\z\/\H\/\)(\/\)\)(\/\)(\/\/(\/\)/\k\\\\\ aw L

d
x,m“hvﬁ>ﬁPUMmu 2x0)
N :xomod uoxqmnau I040®aY
:3TnoxTo Lxewtad utr aanssaxg
W 149730 800 je aangeradwa]
] :39TUT 2300 je sangeaadua]

sToquAg

xomod %00 3e suni juerd fA[qerrolguodun
pooupoIqut A3TAT3OBAI 9AT3Tsod UBYM S ‘3 — BwTg yaTM SOT3STI9308IBYD QGQN @243 10 uorgerIep *J°I°3

T

o




14

—— e

x,wuhpﬂ>ﬂ#ommn 3I0)
N :Ismod uocxjznsu I039e9ay
13InoJTo Arxewtad UT aaInsssay

w 149Tqne 3x09 g aanjeradwa] bl
J :38Tut 2J09 ge sanjetadwa] 51
sToquAg %t@&%w&

a2
[~
0
b
2y

£0
¥14

Lso

R4

Iamod %Ol 3® suna juerd (Apgeylogzuooun

PoONPOIJUT K3TATE0RDI aAT3Tsod uUaym s ‘3 — SWTL UY3TA SOTRSTISLORIRYO QQQN BYj3 Jo uorTjeraes ‘'z 1°8Td




ST

"UMOP P[00 A[qeI[al ST

SSSN “syruur 9[qe1decoe uryym
ST s1ojowreIed JO 90URSIRAL(]

*asTI arnjeroduwe)

pue amssa1d Jue[o0o
Arewrg "wia)S4s Jue[009
Areturad 91 UT UOTJR[NOIID
Pa010] JO aInyrey pue romod
Jo ss0[ 9)9[dwoo awm-1I0YS

“paads moy

18 JDJ pue JgH ‘Se0Inos
Tomod o1nosre Ag-puels
pue £ouagrawe Jo JurnIe)s
‘UOTIBN)OB WERIOS 10}0BY

‘soryddns yomod
OI1}03[ PUB WILS)S JO omle]

oul]
wee)s urew Jo amydny ‘¢

"UMOP PIT000 A[qRT[SI ST SSSN
‘sjruur] o[qedosoe o) UTyIM
St s1o)aunered JO 20U I2AI(]

‘A1ddns

Io)eM P9 PUE WIR)SAS JUB[00D
Arewrad 9y UT UOTJR[NOIID
Ppa0107 Jo uondnrrojur
QWIT}-}I0YS ‘@sTI armnjerodwo)
pue a1nssaxd Jue[009 ATWII]

‘sdund

00T PI ‘dDd ‘dAd

Jo Bunae)s ‘s20I1n0s £q-puels
pue Aouadiawm Jo 3urae)s
‘UOTBN}OR WERIOS J0J0BIY

‘(umopinys gO.d) Spreoquols
JO $90INOS UTBW JO 2In[Ie,]

‘sarjddns remod
OT1}03]0 JO [T ‘7

'SaInseatw A)oyes axe) pue
JUSPIOJE S} JO SASNED 10939p 0}
[esodsIp STU 18 9UIT} JUSTOTIFNS
seq 10ye10do 7], ‘poInsse

ST 9100 91} JO AIqeI[aY

o bs/33y

CL1 Oy yunowe . s 0009

ur pue (wo'bs/18y 07g 01 017)
$QUO FunTwWi] 9y} 1240 08 Jou
S90p anfeA 2mssard WNWIXEA]

"TEAOUIT JB21 2100 JUSIOTJP
03 onp ostr amssaxd pue
amgeradure) yuer00d Arewnd
‘uoryEN}OR WRIDS 10)0BaI Uodn)

‘Sunels J44
‘U0TeN}OR WIRIDS J0)0BAY

"opow

Burjo0o ur dn pajosuuod JouU
sey 121009 121y ‘ouradid 1ajem
pas] Aouadrowo yirm uornrod
TOWIIO9 © J2A0 parmydns
ouredid 1ojem pas) UIRIA

DS 03 £1ddns
I9)eA PRI JO SInjre,] |

‘suondunyeyA JAN Aq pasne)) suonen)iS Audd Wy Jo SIsA[euy

T'T o198l



91

“S[OJJU0D
£q paresuadurod ST 90USLINO00
K1anoear ‘syrur] o[qeideode
UIIIM ST s1ojourered

IS0 JO 90UABISAID (%711
Po90X0 10U §00p 12M0d 10108y

"Jo[IN0 2109 9y} Je arnjereduwa)
pue 12/0d UONNAU JO 201

"9102 2} OJUL

0D Furonpoxnur Jo SR
£q.1om0d JO wOTRITWI] “OSTI
Iomod uonnau 20UIPIAL 0}

wiele SUTUIEM JO UOTIeNIOY

"9Yel MO[J I9Jer PaI] JO
9sBIOUT paf[oruooun ‘@Imssord
oLeydsounye a1} 0} UMOP

doip amsserd snosuejue)sUT
‘outy we)s Jo armydny

"QUT[ UIB)s UIeW UL
doip amssexd dreqs ¢y

- "AJqeryer
Q]e]S TedNLIdgNS 0] J0308al a7}
SIJIUS TOT)eN)OB WRIOS J0J0BIY

‘romod wonnau Jo asuI prdey

"payorar

uQ9q sey onfea Iemod
UOINAU LU IAUI UaYM
payerado [eudis & wof
UOT)eN)o. WeIOS J0J0BdY

‘DS JNOIND I} JO 2ATBA JJO-INO
P9sor2 y3noay} FULLNIO0 Syea|
s dDd paddoss yo Sumre)s

‘Sunreys 30d
Surmp 9100 0juT Ioyes
P[00 Jo uoRos[u] 7y

‘anpeA 9[qeidaooe asearour
10U sa0p amssord ‘senrea

%8T 01 % T Pa9dXa Jou
$90p eseaIour Jomod TonnaN

-armssard
wA)SAS Jue[ood Arewrid
pue romod uonnau Jo asTy

“patoear
uBaq Sy anfeA Jomod
ToINAU AOUZISUID USYM
pajerado [eudIs © wWoiy
UOTJEN}OR UIRIOS J0)0BY

*S10119 J03RIadO

s perdnoo uewdmba
uorjo9j01d Aouodrous pue
wirere SutuIem oY) Ul saInjrey
‘0)7) JO SIINOTIO [OLUOD PUB
SJUQUISR [BOTURYOIUIOIIIS[?
Q1) UT SOIN[TB] SNOJUBI NS
0AA} TBY[} 9I0UI JO 20UDLIN0I()

"9109 U]}

JO MO JOqUISUI JOJJUOD
KJIAT}ORI JUSTOLITS
1SOW 9} JO TeMBIPYIM
pajonuodun ‘I'y

‘KJ1IAT}0BI
aAnIsod JO uoTONPOIUY

"TOT)RLIRA KJIAT)ORDI
pa[[onuosun ‘4




17

2. LOSS OF LEAKTIGHTNESS OF THE NSSS PRIMARY CIRCUIT

The most radiation-hazardous accidents of a nuclear propulsion plant on board an icebreaker
which can affect adversely regularity of the Arctic shipping lines along the Northern Sea
Route are those accidents which involve loss of leaktightness of the reactor primary circuit.

In case such an accident occurs the automatically actuated safety systems ensure scram,
emergency core cooling and residual heat removal.

As aresult, water level in the reactor is maintained not lower than the upper limit of the core,
which prevents fusion of the fuel elements. Insertion of emergency and reactivity control rods
provides assured shift of the reactor to subcritical state.

2.1. Loss of leaktightness of the primary circuit with the coolant steam-and-gas
mixture passing into the containment results in a situation where the containment vessel
filled with such a mixture becomes a volume source of ionising radiation.

Table 2.1 lists the isotopic composition of the primary coolant fractions as a function of
duration of the reactor continuous operation. The composition shown has been obtained
from the analysis of statistical data on the content of nuclear fuel fission products in the
primary coolant inventory over a long operating period of icebreakers.

Calculations made in the CNIIMEF's work "Development of an Automated Marine
Radiation Monitoring System within the Scope of the Unified State Automated
Radiation Monitoring System" show that activity of such a volume source degrades
with time due to decay of the short-lived isotopes and operation of the closed
ventilation and purification system.

Table 2.2 lists radiation power values from the containment volume filled with steam-
and-air phase of the primary coolant inventory as a function of time and reactor core
life to accident.

Outflow of the radioactive substance outside the containment is feasible due to
operation of the safety value and through the compartment vessel untightness, which
may be the highest possible in operation at a rate of about 1.0% volumes per hour
'[11,12]. The physical and chemical characteristics of a radioactive cloud of the activity
emission are formed under an influence of a number of factors which are random for
the moment of release and can be attributed to the climatic and meteorological
conditions of the ship's geographic position.



Table 2.1.

Isotopic Composition of Primary Coolant inventory, % %

18

Kr-85m 5.65 3.64 2.36 1.89
Kr-87 4.04 3.31 2.36 1.89
gaseous Kr-88 12.54 9.92 6.64 4.74
+ Xe-133 9.07 27.58 51.16 63.30
Daughter | Xe-135 40.66 34.19 22.57 16.63
products Xe-135m 3.95 2.54 1.72 1.33
Xe - 137 3.16 231 1.50 1.23
Xe-138 5.08 3.97 3.00 2.45
Rb - 88%) 11.30 8.93 5.90 4.29
Cs-138%) 4.52 3.61 2.79 2.25
%% 100.0 100.0 100.0 100.0
% in mixture 88.6 90.9 93.1 94.5
Br- 83 1.68 2.51 1.89 1.83
Br- 84 2.58 2.51 2.52 2.56
Br-85 1.25 1.00 0.92 0.97
Halogens J -131 0.90 1.88 2.73 3.64
+ T -132 5.56 5.01 3.78 3.64
Caesium J -133 18.12 20.37 19.31 20.23
J -134 27.19 26.64 27.29 26.15
J -135 27.19 26.64 27.29 26.15
Cs-139 15.53 13.44 14.27 14.83
%% 100.0 100.0 100.0 100.0
% in mixture 7.7 6.4 4.8 3.7
Sr (90-92) % in mixture
Non-volatile | J-92, La-141 3.7 2.7 2.1 1.8
Ba (139-141)
*y - daughter isotopes being at equilibrium with parent isotopes

**)

- after 60 days of reactor operation the isotopic composition has remamed
practically unchanged.
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Table 2.2.

Exposure gamma-radiation dose rates on the cylindrical volume source axis
(containment vessel), R/hr.

19.0107 [5.0107

. 7.0-10" [6.0-10™
20 0.1 6.0-10™ [3.0-107 |

1.0 5.8:10™" [3.1-107
60 0.1 2.0-10 [3.0-10°

1.0 1.8-107" [2.9-10?

From the standpoint of environmental impact produced by the radioactive emissions
two basic components may be identified:

 external irradiation of varying intensity induced by a cloud containing inert gases
of krypton-xenon group, iodine as well as aerosol components of fuel
compositions and corrosion products of the plant structural materials (depending
on the meteorological condition for the moment of accident duration of this
period can appreciably vary);

¢ internal alpha-beta irradiation of critical human organs induced by radioactive
substances penetrated inside the organism basically through inhalation.

Duration of impact produced by the mentioned factors is dictated by a package of
protective and preventive measures and depends on administrative decisions to confine
the accident and eliminate the after-effects based on operative information on the
characteristics of same.

Among such characteristics are:

e technical condition of the core for the moment of accident;

e duration of the reactor E:Qntinuous operation; |

e Jocation and extent of the loss of leaktightness of the primary pressure boundary;

e emission or no-emission of radioactive substances outside the containment vessel.
The analysis of design basis accidents involving loss of leaktightness of the primary
pressure boundary accompanied by outflow of the stream-and-air mixture to the space

of the containment has shown that such an accident entails more severe after-effects as
compared to possible leakage of the primary coolant into secondary or third circuits.

In assessing radiation after-effects of the loss of leaktightness of the primary pressure
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boundary the limiting value of the primary specific activity was taken to be 102 Ci/l
which corresponds 0.1% open surface of the nuclear fuel. The entire gaseous fraction
and iodine group were withdrawn to the space of the containment vessel.

In this case the total activity of the gaseous component of the mixture is 1-10* Ci while
that of the iodine is 40 Ci and the initial levels of gamma-radiation (dose rates) induced
by the volume source on the injured ship amount to: 250 to 470 uR/s on the reactor
compartment bulkheads, 25, uR/s in the RCR, 70 pR/s in the cabins of the first
superstructure tier, 250 pR/s in the engine room, 120 pR/s on the ship's side in way of
the waterline.

It should be noted that owing to operation of the accident confinement systems activity
of the radioactive source decreases within 12 hours by a range of two-three orders the
integral irradiation doses within 24 hours in the RCR and crew cabins amount to about
0.2 rem and 0.4 rem, respectively.

Release of the activity into the atmosphere within the period of the emergency situation
confinement amounts to 1-10° Ci with regard to the gaseous component and 40 Ci with
regard to the iodine which can results in irradiation doses of 2 rem on board the
icebreaker and of 1 to 100 mrem outside thereof, depending on the meteorological and
climatic conditions.

2.2. It the primary pressure boundary suffers gas untightness within the high-
pressure gas system about 250 Ci, basically: xenon - 133, leak into the containment. In
such a case the levels of gamma-radiation in the RCR and on sides of ship do not
exceed values in normal operation.

When primary coolant leaks into the secondary system the leaky steam generator is cut
off with regard to steam and water. 500 Ci of iodine leak into the secondary system
within the cut off time. These products are discharged into the atmosphere through the
ventilation system. The integral equivalent doses amount to about 1 rem in the RCR, up
to 1 rem in the engine room, 0.5 rem on the sides and 1 mrem outside the icebreaker.

If the primary coolant leaks into the third coolant system within the time the leaky
section of heat exchanger was cut off (0.5 hr) the gaseous and iodine components of
respectively 1500 Ci and 300 Ci enter into an expansion tank.

Iodine and non-volatile fractions are confined within the volume of the third circuit
water. In this version, the integral irradiation doses do not exceed 0.4 rem for the crew
and 0.05 rem for the public owing to gradual emission into atmosphere of 1100 Ci
gaseous component and 10 Ci iodine.

In examining versions of the loss of leaktightness of the primary pressure boundary in
the nuclear icebreaker reactors a conservative approach to assess the radiation after-
effects of the accident has been adopted.:

In all the examined cases the primary pressure boundary suffered loss of leaktightness
the radiation situation on board and around the ship poses no hazard to the crew, ships
in the convoy, environment and public.
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3. ANALYSIS OF NAVIGATIONAL ACCIDENTS

Nuclear icebreaker-to-ship collision.

Using statistical data a study of the size and speed of commercial ship throughout the
world was carried out, the risk of the ship damaged by a collision at critical speed
should that possibility of this occurring was only 2.3%. Considering that the colliding
ship is not always at full load and further that the mean colliding angle is 70° and a
deceleration of 1 knot is expected immediately before collision, the possibility was only
~0.5% [13].

An analysis of the navigational accidents in the international shipping shows that the
damage risk for the nuclear power plant on a ship provided with collision protective
structure which absorbs the entire collision kinetic energy is rather slight.

When two ships collide their interaction is of inelastic nature with impact acceleration
not exceeding 1 g.

The plants of the Russian nuclear icebreakers have be so designed and constructed that
the reactor and associated equipment remain operable at impact loads of no less than 3
g in any direction (vertical and horizontal component).

Provision of collision protective structure in way of the reactor compartment rules
essentially out, when a collision occurs, the possibility of damaging hull in this area to a
depth exceeding 0,2 of the ship's breadth and this does not result in damage to the plant-
related equipment. An accident involving breakdown and flooding of the reactor
compartment may be considered as hypothetical and is not dealt with in this work.

In case where the nuclear icebreaker collides with another ship or a stationary object an
emergency reactor shut-down is effected and necessary action is initiated to remove
residual heat from the core with the use of the main or ancillary cooling systems. The
radiation conditions on board and around the ship remain unchanged.

Stranding of the nuclear icebreaker.

The impact loads applied to the reactor plant when the ship runs aground are lower than
those resulting from collision. The action to be taken by the personnel is similar to that
in case of collision.

In analysing the radiation consequences of an accident it is assumed that the ship sinks

" down to the upper deck, on even keel, and sea water tills the reactor and engine

compartments. The main and stand-by electric power supply systems become in this
case inoperable. From a loss of power signal the reactor emergency protection comes
into action, all the emergency control rod groups and reactivity control rod groups
lower mechanically onto the lower limit switches. As a result, the reactor is rendered
sub-critical (shutdown). Within 10 to 16 sec. of the loss of power emergency diesel-
driven generators and emergency feedwater pumps are started to provide residualheat
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removal from the core.

When the pressure in the steam generators has reached 10 kg/sq.cm feed water is
supplied thereto at a flow rate 15 cu.m/hr. Feed water capacity is 100 t. Steam is -
dumped through the waste steam pipe line at a flow rate of 15 t/hr.

Because of the fact that the primary pressure boundary retains its leaktightness the
radioactivity does not release outside thereof.

When the icebreaker runs aground particular attention is drawn to the possibility of sea
water supply to ensure the residualheat removal from the core. When it is impossible to
supply sea water to forth cooling circuit (tidal phenomena exist) replenishable water
supply from the ballast tanks is used. In this case the radiation conditions on board and
in the vicinity of the ship do not get worse as well.

Sinking of the nuclear icebreaker.

Sinking of the nuclear icebreaker with undamaged reactor plant and containment takes
at varying sinking velocity depending on damage mode as the spaces are flooded.
Emergency reactor shutdown is effected and action is initiated to cool the plant as long
as it is possible based on the crew safeguarding conditions.

An analysis of radiation consequences of ship sinking in shallow water has been made
proceeding from the following initial provisions:

o fission - fragment coolant activity for the moment of sinking amounts to 3.7-1 0?
Ci/l;
e reactor core and vessel have not been destroyed;

e radioactive products emanating from the primary system, as elements of the latter
are destroyed, will be confined within the containment volume;

¢ flooding of the containment by sea water through the flooding valves begins from
the depth of 5 m until the depth of 80 m has been reached (depth of closing the
flooding valves).

Thermotechnical characteristics of the primary coolant system when the containment
has been flooded are given in Fig. 3.1 and 3.2 from which it is seen that the temperature
and pressure within the primary coolant system, after reaching the maximum value,
then drop smoothly. The limiting values of the coolant parameters remain below the
critical ones , hence the primary pressure boundary is not destroyed.

‘When the sunken icebreaker lies in water the primary pressure boundary will be
depressurised due to corrosion processes with resulting release of the nuclear fuel
fission products into the containment space. Table 3.1 gives depressurisation points of
the primary pressure boundary due to failure of the equipment under the action of
external pressure.
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Table 3.1.

Depressurisation of the primary pressure boundary

due to destroy of the equipment under the action of external pressure.
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Reactor 10000 10000 to 1670 abt. 1200
Steam generator 3000 to 9000 300 to 900 400 to 1100
Primary circulating 4000 to 6500 400 to 700 400 to 700
pump

Emergency 1600 to 5000 160 to 530 220 to 650
protection and

reactivity control

drives

System pipe lines, 2400 to 1000 246 to 10000 300 to 1000
fittings

Depressurisation of the primary pressure boundary due to corrosion processes in sea
water proceeds more slowly and takes years (from 1.5 up to 100 years and more)
depending on the mass characteristics of the reactor equipment.

As the temperatures and pressures within the primary pressure boundary are equalised
to surrounding water the corrosion destruction process of fuel composition is initiated.
This process is responsible for constant velocity of the activity release into the
containment space. Subsequent release of the radioactive products and carry-over of
same in aquatic environment are governed by hydrological characteristics of the sink
site. Simulation of the radioactive substance migration, acceptable for practice activity
(energy carrier extraction, fishery, hunting, seafaring etc.) is possible based on an
analysis of full-scale measuring to parameters of models simulating environmental
exchange and effect produced by the physical and chemical, hydrological and weather
factors on such a process.

Because of the fact that sinking in deep water of an icebreaker on the Arctic Sea routes
is highly improbable then for further analysis of the radiation effect a case of
radioactive substance release caused by corrosion process will be assumed.

Distances to which the radiation effect (in acceptable concentrations) of the accident
involving ship sinking extends are given in Table 3.2 at current velocities of 0.04 and
4 m/s for a number of long-lived isotopes.
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Table 3.2.

Water area contamination in acceptable concentration resulting
from the corrosion process phase, m

Strontium-90 0.04 3047 3011 2902 2733
0.40 9635 9528 9177 8641
Ruthenium-106 0.04 108 290 103 18
0.40 1292 916 326 58
Cesium-137 0.04 484 477 460 435
0.40 © 1525 1507 1456 1375
Cerium-144 0.04 1550 993 261 28
0.40 4900 3140 826 89

3.4.

The vertical and transverse (perpendicular to the current velocity vector) dimensions of
the spot are:

vertical: 1570 m at current velocity of 0. 04 m/s and
279 m at current velocity of 0. 40 m/s.

transverse: 19. 4 m and 10. 9 m at current velocity of 0. 04 and 0.
40 m/s, respectively.

It was assumed in the process of analysis that 10% of the fuel composition area is in
contact with sea water and in this case Strontium-90: 2.25-10° Ci, Ruthenium-106:
7.02-10 Ci, Cesium-137: 1.82-10% Ci and Cerium-144: 1.24-10° Ci ingress into the
containment space.

Thus, when a nuclear icebreaker sinks on the Arctic Sea routes radioactive
contamination of the water area is of local nature, which hazard to the anthropological
activity can be reduced to a minimum impact with the use of organisational and
technical arrangements of control and restrictive nature.

Assessments displayed above have been made with the use of a methodical approach to
generation of models simulating activity carry-over in an aquatic environment quoted in
research work: "Development of an Automated Radiation Monitoring System ...".

Fire on the nuclear icebreaker.

Fire protection of power plant compartments on the nuclear icebreaker is insured by
active facilities and appropriate structural arrangements.

The most severe type of fire on board is that which involves heat-up of the high-
pressure gas receiver bottles in the equipment room within containment. The results of
an analysis made for the icebreakers as "Rossia" and "Taimyr" type show that when
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heat releases into the containment space at 3.6 '10° kJ within two hours the bottles are
heated up to 100°C, gas pressure at that time mounts up to 230 kgf/sq.cm.

The limiting pressure in the high-pressure gas system at fire temperature amounts to
230 kgf/sq.cm while the pressure defining the bottle destruction limit is 450 kgf/sq.cm.
Thus, a fire will not entail destruction of the high-pressure gas system, hence the
primary pressure boundary will remain intact. Actions of the crew under such
conditions are set forth in the "Damage Control Manual", Section "Fire On Board an
Icebreaker".

3.5. A fire in the main reactor control room or engine room signifies that control of
the plant from these positions become impracticable. From a signal "Fire in MRCR
(Engine Room)" the personnel on watch on the navigating bridge undertakes dropping
of the emergency and reactivity control rods, supervision over position of same in the
core and start of the emergency electrical power sources residualheat is removed from
the separate emergency reactor control position, primary system pressure and
temperature as well as coolant level in pressuriser being monitored.

When the above actions are taken to remove residualheat from the core no tightness of
the primary pressure boundary is lost and the radiation conditions on board and around
the icebreaker remains the limits of safety standards.
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CONCLUSION

| The nuclear propulsion plant of the "Rossia" and "Taimyr" type modern
nuclear icebreakers used in the Arctic have been built to meet the requirements of
national and international regularity documents as applied to the nuclear and radiation
safety of this class of seagoing ships.

An analysis of emergency situations, though hardly probable but feasible (design basis),
shows that safety of the icebreaker, environment and public is ensured to a rather great
extent.

Reliability Criteria of NPPs of '"Arctica'-type Icebreakers

Mean time to emergency

stop at sea, 1 » 10°, 1/h 3.4 0.2 1.4 1.5
Mean recovery time,
1+10%, 1/h 35.7 959 45.5 26.3

Not a single emergency case resulted in an aggravated radiation situation onboard or to
personnel radiation overdosing. In this case all risk has only navigational character.
This risk is not a corollary of deterioration of radiation situation.

2. The results of the analysis of effect produced by the nuclear icebreakers on
ecology of the Arctic basin show that use of same for the purposes of international
shipping does not affect adversely the environment of the region.

B Provision of LCN on board the nuclear icebreakers to generate data bank on
technical condition of the reactor-related equipment and safety systems makes it
possible to make prompt assessment and predict development of the radiation situation
on board and outside the ship in normal and extreme conditions of sailing in
conjunction with other ships of the convoy.

To enter into the information system provided for in INSROP studies shoulci be made
in co-operation with the contractors of the INSROP information subsystems ) to
develop entry protocols of information subsystems based on unified standards of the
facilities used, geographic maps, coded reports of radiation situation in normal and

emergency conditions of using the nuclear icebreakers in international shipping in the
Arctic.

") Sub-Programme 1: Natural Conditions and Ice Navigation

1.2.1 - Operational Information and natural conditions.
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LIST OF ABBREVIATIONS

SS
EFP

MMARMS
INSROP
LCN

SG

GD

PCP
CCR
NSSS
NPP
CRCRG
FA

WSS
ASS
SDG
EDG
RCG
ECT
SSCR
EDR
CMS
NSR
MEFSS
USARMS

Scram System
Emergency Feed Pump
Nuclear Engineering Support

Merchant Marine Automated Radiation Monitoring System

International Northern Sea Route Programme

Local Computer Network
Steam Generator

Guidance Document

Primary Circulating Pump
Central Control Room

Nuclear Steam Supply System
Nuclear Power Plant

Central Reactivity Control Rod Group
Fuel Assembly

Warning Signal System

Alarm Signal System

Stand-by Diesel-Generator
Emergency Diesel-Generator
Reactivity Control Rod Group
Emergency Cooling Tank
Self-Sustaining Chain Reaction
Exposure Dosage Rate
Centralised Monitoring System
Northern Sea Route

Manual on Fighting for Survivability of Ships

Unified State Automated Radiation Monitoring System
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INTRODUCTION

1. There are accidents not contemplated by the technical and service documentation,
caused by initial events neglected for the design-based accidents or followed by additional
(as compared to the design-based) failures of the safety in excess of a single failure as well
as by implementation of wrong solutions (actions) of the personnel which can result in
heavy damages and (or) fusion of the core, which consequences can be mitigated by
accident control and (or) implementation of arrangements to protect the personnel and
population.

2. The experience gained in safe operation of the Russian Nuclear Fleet shows high
reliability of the used marine nuclear power plants as well as the fact that the probabﬂlty
of the non-design-based accidents is very slight but cannot be reduced to zero.

To estimate the risk for environment in case of non-design-based accident

Many years experience of the ship NPPs plants confirmed their high reliability and safety.
The probability of fail-safe NPP operation is in the range of 0.97 - 0.99 for the period of
continuous operation during 5000 hours. On the basis of the analysis of the safety
systems’ structural rehablhty the values of the coefficients of operational non-availability
are in the range 10%-107 . Taking into account that the probability of emergency
situations which require the operation of safety systems does not exceed 10%-10° durlng
contmuous operation, the probability of the accident’s realisation is not higher than 10
10° , which allows to make a conclusion about the safety of NPP with water cooled and
Water moderated reactors [9].

Render the conditions where an emergency situation is likely to occur for the purpose of
lessening the risk of radiation impact produced by the non-design-based accident on the
ecological systems of the Northern Sea Route and the population of regions adjoining the
latter the Shipowner’s Administration Schedules and implements a package of accident
prevention measures to ensure appropriate readiness in case where such an accident
occurs.

Decision making concerning the need for implementation of measures commensurable
with the accident to protect the personnel, population and environment is a logical
conclusion of the process of overall evaluating the radiological consequences of the
accident. Such an evaluation is based on prognostic calculations and current data and
consists of individual information blocks of radiation and non-radiation nature.

3. The process of decision making managerial is based: on a fairly full volume of
prognostic and live information on the nature and consequences of a plant accident for the
nuclear ship and environment; on evaluation of the degree of radiation hazard in the
temporal, spatial and population aspects; on evaluation of the expected completeness and
efficiency of the recommended protective measures in correlation with the required
expenditures for implementation thereof, extent of risk for the personnel and population.

Subject to consideration at the stage of preliminary prediction of the consequences of a
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non-design based accident occurred in the power plant of a nuclear ship are
both the evaluations of technical condition in time and the factors of climatic, hydrological
and meteorological nature affecting the scale and characteristics of its consequences.

4. Control of a non-design-based accident is aimed at returning the nuclear power plant
in the controlled status at which the reactor is rendered sub-critical, providing fuel cooling
and containing radioactive products within prescribed boundaries and quantities. A
preliminary analysis of the plant conditions, development of managerial measures and
training of the operating personnel for actions under the accidental conditions are
prevailing to prevent the accident and mitigate the after-effects thereof. And in so doing,
achievement of the previously specified objectives to ensure safety for each level of the
plant emergency condition shall provide the basis.

For the plants used on board the Russian nuclear ships, among the typical levels of the
plant emergency conditions may be :
accidents involving faults in the systems of heat removal from the reactor core;
reactivity-related accidents;
accidents involving depressurisation of the primary pressure boundary with full or
partial loss of coolant.

The physical and chemical characteristic of the radiation impact on environment are
generated under the effect of a number of occasional (at the moment of accident) factors
caused by the climatic and hydrometeorological conditions of the ship’s geographic
position.

From the standpoint of impact produced by the radiation factor on the population and

ecological systems the following components shall be highlighted:

- external irradiation (beta-gamma components) of varying intensity from a plume
containing radioactive inert gas of krypton and xenon group, iodine, aerosol fraction of
fuel compositions and structural materials of the reactor cores, as well as from the
underlying surface contaminated with radioactive substances. Depending of the
hydrometeorological conditions of the region at the moment of accident duration of
this period may vary considerably;
internal irradiation (alpha-beta components) of the critical organs of people and
animals from the radioactive substances incoming through the food chains and by
inhalation inside the organism.

Duration of exposure to the said factors is dictated by the use of protective and preventive
measures which defend on implementation of the managerial decisions taken to confine
the accident and lower the level of its impact.

5. Development of the Local Computer Networks (LCN) based on modern computing
facilities fitted on board the nuclear ships makes it possible to make continuous system
and structures, take account of the resource characteristics. Work are being performed on
board the Russian nuclear ships aimed at setting up closed information subsystems: ship-
shore-ship with the use of shipboard and shore-based LCN and radio aids.

Existence of such an Information System enables:
continuous and operational multikind monitoring of radiation conditions on board the
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nuclear ship and in the nearest neighbourhood;

reliable establishing the fact of radiation accident or failure of the radiation object;
identification and evaluation of the nature, scale and prediction of the accident
consequences;

finalisation and correction of preliminary evaluation of the radiation conditions
through making actual measurements and analysis of air and aquatic environment
samples;

information exchange between structural blocks of the System;

extension of the Information System through adding the chemical and bacteriological
sub-systems (if necessary).

The ships of the convoy escorted by a nuclear icebreaker in the Arctic shall be provided
with the information system terminals which will make it possible to implement
emergency arrangements with regard to and in the interests of all the ships of convoy.

The INSROP Project contemplates creation of an Information System which would make
it possible to carry out operational control with regard to various navigational conditions
in the Arctic Basin. This System shall incorporate an information sub-system to make
managerial decisions in case of an improbable but theoretically non-ignorable non-design
based accident of a nuclear plant. In so doing in collaboration with the authors of various
sub-systems of the project: studies of interface protocols of the information, unified
standards of geographical maps, coded messages, hardware complex shall be made.
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1. ANALYSIS OF ACCIDENTS INVOLVING THE NUCLEAR POWER
PLANT MALFUNCTIONS.

In case of an accident the thermotechnical characteristics of the core change significantly with
the resulting pressure rise in the primary circuit up to the limiting values, disablement of the
plant with possible loss of leak tightness of the equipment.

Under these conditions the prime object is to reveal time reserve available for the operating
personnel and the crew of the ship suffering average after completion of automatic operations
by the complex of the plant technical facilities control systems.

As an initial condition of the NSSS preceding the accident it is taken that the plant has been
running at rated power for some 20 hours at continuous operation of the reactor within 8000
hours at an average power of 40% of the rated value.

In view of the fact that on board the Russian nuclear ships throughout the period of their use
there were no situations caused by the non-design-based accidents evaluation of the post-
emergency condition is made on the basis of the operating experience and design and service
documentation of the operational marine power plants. Thermotechnical reliability of the
reactor core in these plants is provided by crisisless operating mode of the core channels and
this ensures thermotechnical reliability of the core, conservation of its resource characteristics.

1.1. In case where a crisis of heat exchange occurs and develops in a portion of the
fuel assemblies a steady heat exchange is maintained for some time and the latter
ensures a relatively slow temperature rise in fuel claddings. The temperature of the core
claddings in the neighbourhood of 600° C defines temperature boundary of the plant
safety limit , when the above values are exceeded the fuel assembly begins to break
down.

The safety limits based on the strength conditions of constructional materials of the
NSSS primary circuit equipment are defined by:
limiting pressure which being not exceeded is sufficient to maintain functioning of
power-generating equipment, which is assured by 20% safety factor based on stress
(P~21-22 MPa);
lower pressure limit at which plastic deformation of the constructional material is
achieved in the weakest element of the equipment (P,~30-40 MPa);
limiting value which been exceeded results in destruction of the weakest element of
the equipment (P3~45 MPa).

1.2. Accidents involving unauthorised power increase reactivity type is develop
into the non-design-based ones, in contrast to the design-based accidents discussed in
[1], follow a more severe scenario and, as a rule, result in the core overheat threat and
loss leak tightness of the primary circuit equipment.

When analysing accidents involving depressurisation of the primary pressure boundary
with complete failure of the emergency core cooling systems and drainage of the core
the crucial factor is the thermal resistance of the elements.
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The criteria of radiation safety involving fusion of the core are in this case:
radiation situation in the spaces of the ship in an emergency;
" radiation situation the surrounding waters;
condition for containment of melt of the assemblies and core constructional
materials within the reactor ship.

The results of the analysis of emergency situations, initial event versions in conjunction
with probable failures in safety systems that result in possible accidents of the NSSS are
given in Table 1.1.

1.3. The mechanism of releasing the steam and air mixture, the physical and
chemical characteristics of the latter are given in [1]. Migration of the fission products
from the zone of nuclear fuel fusion is defined by the diffusion coefficients of the
mixture components and amounts to about 10" cm/sec for inert gas, halogens and alkali
components. The majority of metals form non-volatile, high-melting ruthenium oxides.

Up to 90% of inert gas and halogens, 80% of alkali metals (caesium and rubidium), 15%
of tellurium, selenium and antimony, strontium, barium and 10% of ruthenium oxides
pass outside the primary circuit. [2].

Due to temperature difference between the steam and air mixture and compartment
structures, physical and chemical properties of the elements concentration of the
radioactive products of the mixture drops owing to precipitation and sorption processes.

For the inert gas the coefficient of sorption is nil, for the 1odine and caesium:
2x107-5x10™ which corresponds to elimination constant of 85107 sec™ [2].

One of the unfavourable factors of the accident involving fuel fusion is the probability
of a spontaneous chain reaction to be occurred in the melt, this accident being
accompanied by destruction of the plant and ship’s structures. In this case the isotopic
composition of the mixture’s fission products includes also so called “hot particles™
generated from the dispersed nuclear fuel and constructional materials of the core. The
isotopic composition and specific activity of the “hot particles” is given in Table 1.2.

1.4. Evaluations of radiation impact of the accidents involving disturbance of the
NSSS protective barriers for emergency situations discussed in Section 2 - “Loss of
Leak Tightness of the NSSS Primary Circuit” and Section 3 - “Analysis of Navigational
Accidents” of report [1] have been made using a similar approach to description of the
radioactive product carry-over process.

1.4.1. An accident involving initiation of the SCR on the plant, resulting in
release of a radioactive cloud into the surrounding space to a height up to 200
m. Evaluation made for unsteady state of the atmosphere and wind speed up to
5 m/s is given in Table 1.3.
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Analysis of Possible Consequences of Possible Initial Events of

Emergency Initial Events Possible
Situation in Combination with Failures in Sequences
Safety Systems
1 2 3
1. Unauthorised 1.1. Closing of feed and | Core overheat threat (tempe-
increase of the throttle valves with rature of fuel elements clad-

NSSS power
(positive reactivity
insertion)

emergency rate;

failure in operation of
warning and alarm signal
system when appropriate
power settings are exceeded.

dings in some FA amounts up
to 500°C to 550°C);

time for reaching critical
parameters is 30 to 35 s.

1.2. Withdrawal of
CRCRG with normal Rate
when reactor is started up;
failure in operation of
warning and alarm signal
system according to power
doubling period reduction
settings in combination with
failure in actuation of
warning and alarm signals
according to power level
overshoot settings (starting
and power-generating
ranges).

Core overheat threat
(temperature of fuel claddings
in some FA amounts up to
500°C to 550°C) and loss of
leak tightness (pressure in
transient process amounts up
to 29 MPa);

time for reaching critical
parameters is 60 s.

1.3. Unauthorised
withdrawal of CRCRG with
emergency rate (25 mm/s)
when reactor in started up
(only with “Mars” type
system) and in the absence of
other failures.

Core destruction threat (fuel
temperature exceeds 1500°C);
time for reaching critical
parameters is 5 to 10 s.

1.4. Unauthorised
withdrawal of CRCRG with
normal rate during NSSS
power operation in
combination with failures in
actuation of warning and
alarm signals.

Threat of core destruction and
loss of leak tightness of

_primary circuit equipment;
time for reaching critical

parameters is more than 60 s.

1.5. Unauthorised
withdrawal of CRCRG with
emergency rate during NSSS
power operation (only with

Threat of core destruction and
loss of leak tightness of
primary circuit equipment;
time for reaching critical
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Emergency Initial Events Possible
Situation in Combination with Failures in Sequences
Safety Systems
1 2 3

“Mars” type system) in
combination with failures in
actuation of warning and
alarm signals.

parameters is 2 to 7 s.

2. Disturbance in
heat removal from
reactor core.

2.1. Failure of feed water
supply to SG in combination
with failures of water supply
by means of EFP and
additional failures:

2.1.1. Filter cooler has been
not switched in cooling mode
but remained switched in
clean-up mode.

2.1.2. Filter cooler has been
switched in cooling mode;
two PCP have been started up
at low speed.

2.1.3. Filter cooler has been
not switched in cooling
mode; clean-up system was
taken out of service; cooling
system (third circuit) is in
operation.

Subsequent to SS operation
due to inadequate heat removal
from reactor core temperature
and pressure rise within prime
circuit.

Maximum pressure value in
primary circuit does not
exceed limiting values.
Reliability of reactor core is
assured.

Maximum pressure value
within primary circuit does not
exceed limiting values
(amounts up to 17.2 MPa).
Reliability of reactor core is
assured.

Pressure within primary circuit
reaches critical values
corresponding to P, value
within 1.33 hr.

Pressure level P, is reached
within 4 hr.

Pressure level P5 is not
reached.

Reliability of reactor core is
assured.

2.2. Complete loss of
electrical power supply to
NSSS services in
Combination with failure in
SDG and EDG starting
subsequent to SS actuation
and impossibility of putting
them into operation; sticking
of all or part of RCRG in
combination with additional
failures:

Lacking heat removal from
reactor core upon SS actuation
pressure and temperature
within primary circuit rise;
reliability of reactor core is
assured.
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Emergency Initial Events Possible
Situation in Combination with Failures in Sequences
Safety Systems
1 2 3

2.2.1. Disconnection or
absence of ECT, failure in
actuation of automatic safety
device of primary circuit over
pressurisation protection
system.

Maximum pressure value
within primary circuit is
determined by time during
which heat removal from
reactor core is organised.
Lacking heat removal, time for
reaching critical pressure
values corresponding to Py, P,
P levels amount to 0.835 hr,
1.45 hr, 2.5 hr.

2.3. Failure of heat
removal to sea water during
falling tides in case of
standing.

2.3.1. Stranding of ship with
periodic supply of sea water
to cooling system being
retained (interruption of sea
water supply 2 times per day
for 2 to 4 hr).

2.3.2. Stranding of ship with
a heel in excess of 22.5°.
Electrical power generating
plant and safety systems
remain to be operable.

2.3.3. Stranding of ship with
a heel in excess of 22.5°.
Failure of electric power
sources and safety systems in
likely to occur.

After scheduled throw-down
of emergency control rods
when cooling is properly
organised primary circuit
parameters are maintained
below specified safety levels.

After throw-down of
emergency control rods at the
time of complete loss of
electrical power pressure and
temperature within primary
circuit rise due to lack of heat
removal from reactor core;
reliability of reactor core is
assured.

Pressure within primary circuit
amounts up to critical values
corresponding to Py, P,, P5
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Emergency Initial Events Possible
Situation in Combination with Failures in Sequences
Safety Systems
1 2 3

levels for NSSS of icebreakers
within 1.15 hr, 2.45 hr, 4.03
hr.

3. 3.1. Gas or minor Threat of development of

Depressurisati replenishable leak of primary | minor leak into major one with
on of primary pres- system. consequences specific thereto.
sure boundary.

3.2. Major non-
replenishable, non-
interceptable leaks of
pipelines and equipment of
primary system into reactor
space or equipment room;
leaks from primary to
secondary circuits (rupture of
steam header of pipe system
in full section) and to third
circuit (rupture of tube of
PCP filter or cooler in full
section) in combination with
various failures in automatic
actuation of safety system
fittings including core cooling
system, starting of machinery
and sets.

Threat of core drainage,
complete or partial fusion
thereof; hazard of releasing
radioactivity into environment.
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Table 1.2. Isotopic Composition and Specific Activity
of the Components of Hot Particles [2].
Component Specific Activity, Component Specific Activity,
Ci (BK)/g Ci (Bk)/g
Strontium - 89 0.48 (1.3-10") | Cerium - 144 0.59 (2.2-10")
Strontium - 90 0.03 (1.2-10) Europium - 154 1.24-107
(4.6 - 100
Zirconium - 90 0.81 (3.0-10™) | Neptunium - 239 298 (1.1-10"H
Niobium - 95 0.78 (2.9-10") | Plutonium - 238 1.16 - 107
(4.3 -10%
Ruthenium - 103 0.67 (2.5-10") | Plutonium - 239 1.27- 107
(4.7 - 105
Ruthenium - 106 0.02 (6.6-10%) Plutonium - 240 1.62-107
(9.7 - 105
Todine - 131 0.35 (1.3-10") | Plutonium - 241 2.97 - 107
(8.3 -10%
Tellurium - 132 0.30 (1.1-10™) | Plutonium - 242 3.51-10"
(1.3 -10%
Caesium - 134 0.35 (1.3-10") | Americium - 241 2.24 - 107
(8.3 107
Caesium - 137 2.2-10™ Curium - 242 5.13-107
(8.4-10% (1.9-10%
Barium - 140 0.54 (2.0-10") | Curium - 244 2.59-107
: (9.6 - 10%)
Table 1.3
Distance from the ship in EDR from passing cloud, EDR from contaminated
an emergency along the (R/hr) / (R/sec) underlying surface,
wind direction, (R/hr) / (R/sec)
km
0.2 1440 / 04 24 / 6.6-10"
0.4 18000 / 5.0 7.6 [/ 2.1-10°
0.6 24840 / 6.9 158 / 4.4-107
0.8 22320 / 62 126 / 3.5-10°
1.0 16920 / 4.7 94 / 2.6-10°
2.0 7560 / 2.1 32 / 9.0-107
4.0 2880 / 0.8 09 / 26-107
10.0 720 / 12 0.14 / 4.0-107




1.4.2. An accident involving sinking of the ship resulting in
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contamination of water area up to allowable concentrations of the most
significant isotopes given in Table 1.4.

Table 1.4
Radioisotope Half-life Allowable concentrations in water
Ci/cum Bk / cu.m
Strontium - 90 28.6 years 4.0-107 1.48 - 10%
Ruthenium - 106 368 days 1.2-10° 4.50 - 10°
Caesium - 137 30.17 years 1.5-107 5.60 - 10°
Cerium - 144 284.3 days 1.2-107 4.50-10°

Evaluation made for current speeds w at the site of sinking, which are 0.04 and
0.4 m/sec, is given in Table 1.5 for the case of 100% fusion of the nuclear fuel.

Table 1.5

Isotope X, km a b

W =10.04 m/s w = 0.4 m/s m m

Strontium - 90 19.5 195 50.3 27.3
Ruthenium - 106 12.6 126 40.4 14.1
Caesium - 137 20.6 206 51.8 29.7
Cerium - 144 28.0 280 60.4 47.0
Here: x is the distance along the current axis, km;

a is the vertical dimension of an ellipse-shaped spot;
b is the transverse dimension of an ellipse-shaped spot.

Evaluation of the water area contamination depending upon the factor of
corrosive washing out the radioactive products of the sunken affected ship is
given in Table 1.6.
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Table 1.6
Current Release time, years
Isotope Speed, 1 | 2 | 5 | 10
m/s Distance along the current axis, m
Strontium - 90 0.04 2904 2869 2769 2605
0.4 9185 9074 8757 8239
Ruthenium - 106 0.04 403 286 102 18.3
0.4 1274 903 321 58
Caesium - 137 0.04 225 223 214 203
0.4 611 704 678 641
Cerium - 144 0.04 1550 993 261 28
) 0.4 4900 3140 826 89
Here:

The transverse and vertical dimensions of the ellipse-shaped spot:
at current speed 0.04 m/s

a=1570m
b=194m

at current speed 0.4 m/s
a=279m
b=11.0 m.

Examination of the above data shows that in case of “instantaneous™ (several

days) release vast water area is subject to contamination.

" At the time of subsequent release of activity from the NSSS of the sunken ship
which is corrosive in its nature contamination of the water area is local in
character and dictated by long-lived isotopes.
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2. ANALYSIS OF INFORMATION SUPPORT TO ACCIDENT CONTROL

2.1. The common objectives of organisational and technical arrangements for
accident control on board the nuclear ships are to prevent uncontrolled development of
the accident to mitigate consequences thereof on board affected ship and outside it.
These objectives are achieved through putting into effect a set of works that, from the
standpoint of the time of their performance, concern the conditions of normal
operational activity of persons and organisations involved in navigation in the Arctic
Basin.

Among the mentioned arrangements, one of the principal one is drawing up a
comprehensive emergency plan as a programme of actions that determines the ways of
emergency confinement and minimisation of damage. The structure of such plan
incorporates assessment of possible emergency situation, prediction of radiation doses,
choice of protective measures, organisation of implementing protective measures.

Among the organisational and technical arrangements that are put into effect in the
course of normal activity of the Russian nuclear ships are:
drawing-up of the emergency plan;
try-out of organisation and interaction of the emergency services;
organisation of radiation monitoring on board the affected ship and in environment;
organisation of hydrometeorological observations.

Drawing up and operational correction of the emergency plan, preliminary prediction
and evaluation of the accident consequences, making of managerial decisions are
impossible without reasonable informational support adequate to changes of the
situation. Provision of informational and computing facilities on board the nuclear ships
and in their operation management structures makes it possible set up an informational
data base required for this purpose.

2.2. Stage-by-stage establishment of local computer networks is underway on board
the nuclear ships, these being integrated, in accordance with the principal concept of the
MMARMS functioning, into an Information System: ship-shore-ship where any
subscriber can both send and make a request for information at the address of the other
subscribers [2]. The data bank of the Russian Merchant Marine Automated Monitoring
System is generated on the real-time basis, the information is documented and
subsequently stored. Preliminary models of impact produced by an accident upon the
environmental safety are generated in the board time system that 1s based on the zonal
time. The board time is determined, corrected, stored by the navigating service
personnel.

2.2.1. The hydrometeorological conditions during navigation of the ship vary
continuously in time and space. Evaluation of the hydrometeorological
conditions is based on the informational array of data contained in special
manuals and current meteorological information supplied through the ship
communication channels.

Software of the computer system to simulate radioactive particles carry-over
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process shall provide maintenance of the mentioned informational -
arrays to suit the navigational area of the ship with due regard for the
requirements for furnishing information on existing radiation incident.

As a hydrometeorological source of information of statistic nature there is a
need for input of data contained in sailing directions of the navigation areas.
Among these data are:
- boundaries of the navigation areas;

coast line;

islands and straits;

depths, sea bottom configuration and soil;

special physical and geographical phenomena;

prohibited areas;

aids to navigation;

ports and anchorage;

repair and logistics support capabilities;

pilot service;

navigational information;

communications;

sailing particularities;

meteorological characteristic.

2.2.2. The main climatic indicators are mean values of the meteorological
elements, repeatability of gradations and variability of same. These indicators
are determined from the observations of many years for each month, season
and year with regard that the nuclear ships sail predominantly in the Arctic
Ocean basin and in the north western part of the Pacific.

Organisation of acquisition and analytic treatment of the meteorological
information on board the nuclear ships is governed by service documents
universally adopted in the fleets and is.not dealt with in this work.

2.2.3. To predict the accident consequences to a sunken ship data on
hydrological characteristic of the likely site of accident shall be taken into
consideration. Among such data are characteristics of:

bottom configuration (continental shelf, continental slope and ocean bed);

ground;

water temperature and density;

acoustic phenomena (density jumps);

optic phenomena;

ice and snow cover;

sea currents;

undulations;

sea level fluctuations

Bottom configuration and presence of ground of an organic and inorganic
nature affect the process of radioactive product transport depending on the
climatic zone of the accident site in view of various intensity of the exchange
phenomena on the molecular and ionic levels.
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Salinity of water affects its density, freezing point and temperature at
maximum density. The water density is a physical characteristic responsible for
the motion of the world ocean waters. Vertical distribution of the density
defines the condition of stirring aqueous medium. The characteristics of water
density and acoustic phenomena depend on the geographical position and
season of the climatic zone. The data are given in “Oceanological Tables” and
“Sailing Directions for the Navigation Area”.

Sea level fluctuations are caused by the atmospheric, hydrodynamic,
geothermal and tidal phenomena. Among the non- periodic fluctuations are
seismic (tsunami), off-and-on water and seiche one. Among the periodic
fluctuations are tidal sea-level fluctuations. The height and temporal positions
of levels depending on the location of port are given every year in the “Tide
Tables™.

Sea undulations are subdivided in respect to their nature of origin into:
wind-generated;
tidal;
baric.

In addition to surface wave phenomena internal waves are generated in the
interface of layers with different densities. The height of such waves amounts
up to 20 - 30 m that results in change in the depth of oozy ground position. The
characteristics of the wind- generated undulations depending on the
geographical and climatic zone are given in “Nautical Table”.

Currents are subdivided according to the following main features
forces causing them;
steadiness;
depth.

The climatic and seasonal characteristics of the undulation elements are set out
to a sufficient extent in the “Navigation Area”.

2.3. Specifications for the hardware are defined by the major tasks and
requirements imposed upon the System.

The tasks performed by the MMARMS are:
continuous and on-line multiform monitoring of the state and time history of

radiation situation;
expeditious and reliable identification of the evidence of an accident, destruction of
a radiationhazardous object;
assessment of the category, character, scale and consequences of 1mpa1rment of the
radiation;

situation on board the affected ship and in the neighbourhood thereof.

The main requirements with respect to purpose are:
identification of the evidence of exceeding the background and specified EDR
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thresholds of ionising radiation in ships and fleet objects at the
confidence coefficient not lower than 0.95 with cyclic information delivery:

at EDR > 200 mR/hr from 1 up to several minutes,

at EDR> 1 mR/hr from 10 min up to 1 hr,

at EDR > 30 mR/hr up to 1 day;
assessment of activity, isotopic composition and dispersion of an aerosol component
of an aerosol component , based on a probabilistic model of accident development;
possibility of measuring EDR for gamma ray in the range from 10 to 10° mR/hr
within the range of spectrum energy from 0.05 up to 3 Mev;
specification of activity and isotopic composition of the release according to the
measurement data reference isotopes of the mixture in the area within more then 30
min after accident; A
zonal assessment of contamination level with a degree of certainty not lower than
0.98, their classification;
specification of contamination level of a territory (water area), air space, flora and
fauna by alfa-, beta-, gamma-ray isotopes based on periodic inspections;
continuous monitoring with a specified periodicity of the time history of radiation
situation of the regions and objects under control;
delivery of information to the executive bodies to make managerial decisions as to
confine and eliminate accident consequences with specified cycle;
assessment of quantitative and list of factors of radiation impact on the population,
flora and fauna subject to priority control;
management of the MMARMS element functioning, monitoring the performance of
same under the conditions of exposure of the system to radiation, climatic,
geographical and other factors;
technical feasibility of expanding the MMARMS information block on radiation
situation with information arrays on chemical, biological and bacteriological
situation. ‘

The Information Network is responsible for performance of the following functions:
documenting technical state of shipboard technical facilities and structures;
accumulation of operating (statistic) data to generate probabilistic models of
functioning elements of the shipboard and power-generating equipment;
continuous integral evaluation of the technical state of the equipment in operation,
prediction of pre-emergency situations;
1dentification of the cases of improper actions by the operating personnel and faults
of the instrumentation system from the generated statistic models; .
identification of the current wear-out factor of the on board equipment;
fast acquirement of reference information on an arbitrary parameter from the
generated data bases for each ship or a series of ships;
presentation of objective information on technical condition of the ship and
radiation situation on board to other subscribers in response to their requests as well
as at certain intervals;
continuous forecasting based on the probabilistic models of development of
possible emergency situations and assessment of consequences thereof, periodical
submission of this information to the subscribers and, at their request, to the
organisations concerned; '
determination of the need for immediate transfer of the simulation results to the
shore subscribers and establishment of automatic communication, if required;
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warning of the crew if in the process of simulation a dangerously high

probability of an accident or emergency situation occurrence has been obtained;
accumulation of the calculation results and initial data, keeping them during a
certain period of time to generate “past history” of the accident;

long-term storage of a certain scope of information based on the principle of the
“black box™;

processing of input data to detect incorrect values;

identification, on the basis of information on condition of the technical facilities,
“weak members” which with maximum probability might be cause of the accident at
a particular instant of time;

simulation of an accident, reasoning from the concept of failure of weak member at
a particular instant of time, while examination of the ways of development of an
accident is carried out according to two forecasts: an optimistic one (considering
criterion of single failure and proper actions of the crew) and pessimistic one (with
increased failure of “weak members” and increased human errors);

simulation of transmission of the radioactive products, attached to a particular
geographical position after determination of a probable value of release into
environment;

determination of the most probable sequence of actions to be performed by the
CIew;

determination of the list of shore-based and marine subscribers to which the
information shall be conveyed in case of an accident;

supply, at the request, results of the last cycle of simulation of the accident and after-
effects thereof and in this case, requests from the subscriber affected by this accident
upon completion thereof, shall be processed with the highest priority;

storage of results of all the calculations and input data during a certain period of
time.

The Information Network as regard communication channel shall satisfy the following
main requirements: -
round-the-clock readiness of the communication channel, independent on the
geographical position;
high quality of the communication channel, probability of an error in transmission
shall not exceed 10~ 1/bit;
complete automation of the process of convey and receipt of information.

2.4. Functioning of the Information Network is provided by software for subscriber
call and automatic call establishment. A special feature of such a structure is use unified
transmitting facility of the marine satellite communication when subscriber stations are
set up onboard and on shore. In this case the network may operate in a single software
environment. Information transmitted to the subscribers is subdivided into periodical,
informative-forecasting and emergency.

In an emergency situation (including that when the monitoring parameters fall outside
the set limits) the local information network of the ship obtains this information from
the Centralised Monitoring System “Polus”. Computer-dispatcher with the use the
“Accident request” signal initiate communication with other subscriber of the
monitoring system on the side of the ship and reports parameters of the emergency
situation as well as forecast of its development made on the basis of statistical
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simulation. The information system is protected against the unpremeditated

or premeditated distortion.of the data, and also intervention into the process of
calculation is prevented which makes it possible to “act-out” various emergency
situations at request.

The last two provisions result in the fact that the shipboard portion of the system shall
possess a true multiproblem nature. It shall include a 32-digit workstation based on two
or three (and perhaps more) microprocessors Intel 80386 or Intel 80486. Speed of
response of the system provides performance of the complete cycle calculation within
15 min for fast evaluation of the accident occurred.

The shore-based portion of the system shall provide;
round-the clock readiness for immediate receipt of data from ships;
possibility to make request from the shipboard portion about the results of
simulation at the given instant of the time.

The shore-based subscribers may be considered as distant terminals of the information
system and stringent requirements concerning computer power are not placed
thereupon.

2.5. The informational support of simulation of scattering and distribution of the

radioactive substances in the environment is based on use of various scattering models

accessible from the standpoint of existing computing systems. Among these are:
Gaussian models, the simplest, requiring information on wind speed and direction in
the geographical point of the accident, atmospheric stability, height and release
capacity. Use of these models gives fast evaluation of concentration in air in the
near zone (5 to 10 km);
Lagrangeian models, more complicated, require information on wind speed and
direction over a considerable space; use of the said models gives realistic evaluation
of the plume path of release and concentration in the nearest zone;
three-dimensional models of movement and diffusion of the mixtures, require plenty
of measurement of the wind speed and directions in vertical and horizontal extents
with due regard for the affect produced by underlying surface and changes in the
atmospheric stability over a vast area. The evaluations hold true up to 100-150 km
from the geographical point of accident.

Mathematical technique for forecasting radiation impact with the use of the said models
is widely known, for example, [4,5 etc.] and is omitted in this project.

2.6. Contents of the database of the Information System of INSROP contains
subsystems covering: natural condition, information on natural environment,
cartography of nautical regions, scenarios of accident consequences. In developing the
system and integrating individual subsystems of the project consideration is being
given to such circumstances as “Handbook of the Programme Project of Assessment and
Monitoring in the Arctic, Arctic Initial Data Base GRID-Arendal” and "Handbook of
Environmental Data of the US Arctic Geological Service”. This database of an analytic
system provides efficient access to the data sets for various purposes. Multifunctionality
of the INSROP information system facilitates access to tabulated and cartographic data,
integration of same and because of their analytic flexibility, solving of problem related
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to emergency and postemergency management of navigation along the NSR.

Such multifunctionality of the Information System is based on appropriate protocols of
entry in the international computer networks for all the subscribers. Among these are
”Geographical Information System” - GIS in combination with the “Data Base
Management System” - DBMS as well as the national informational and analytical
Centres of Norway, Japan and other participants in the INSROP programme.

2.7. For informational support of the environmental safety of the navigation
management in the Arctic with participation of the Russian nuclear ships The
Informational Radiation Situation Monitoring System shall be integrated into the
INSROP Information System on the basis of a common software, common
communication protocols, common operation of various software and hardware, routing
facilities. Such an Information Network shall be fairly reliable, provide protection
against accidental loss of information, incorporate advanced data control facilities,
contain facility for joint use of resources.

Such a system makes it possible, based on results of an analysis of the feasible versions
of accident of the power plant on board a nuclear ship, maid within the scope of this
project, to study a scenario of the consequences on navigation along the NSR and assess
environmental safety in the adjoining region.

In view of the forgoing, there is a need becomes for further studying within the INSROP
scope (or other programme of work in the interests of ensuring environmental safety of
international shipping in the Arctic) the following aspects:
organisation of interaction of the INSROP and MMARMS information system in
the interests of localisation of a radiation accident and elimination the consequences
thereof, with instructive indications for the order of joint access to the needed data
bases;
the order of furnishing information on radiation situation on board a nuclear ship at
the request of the subscribers of the system under normal operating conditions of
the NSSS with a list of a scope of data accessible to the subscriber;
order and priority sequence of presenting information on radiation in case of an
accident and results of probabilistic simulation of the accident development,
radiation impact thereof on the environment including that at the request of the
network subscribers;
order of exchanging information with international information systems on the
radiation incident, based on the proposed coded messages about the radiation
situation.

Proposals for the coded messages about the radiation situation given in Appendix 1 may
modify and improve depending on acceptance of the best version of the data base
“within the acting INSROP programme subsystems.
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3. PLANNING OF ORGANISATIONAL AND TECHNICAL
MEASURES FOR ACCIDENT MANAGEMENT AND MITIGATION OF ITS
RADIATION EFFECT

3.1 Elimination of the accident consequence involving radioactive emissions
beyond the limits of the NSSS protection barriers and mitigation of the accident effect
may be successful, subject to implementation of a package of preliminary measures
related in time to the period of normal (not emergency) operating conditions of the
nuclear ships. Among the measures taken during the pre-accidental period the major
part is played by the emergency plan and refinement of a organisation of interaction
between various structures defined by this plan at various phases of the accident
development.

The depth of elaboration of the plan and the score of its coverage of various conditions
of use of the nuclear ships in navigation through the NSR in compliance with an
International Arctic Shipping Programme are basic criteria of its practical usefulness.
An universal plan for all cases of activity in navigation due to variety of factors
(geographical, hydrological, weather, social) affecting activity under extreme conditions
may not be worked out regardless of the concrete circumstances formed at that instant.
Nevertheless such plans have a typical structure defining the programme of actions to
reach success for all the package of measures mitigating impact of the accident on the
ecological systems.

The emergency plan shall be an integral part of the regional measures to mitigate
radiation effect produced by a likely accident of a nuclear ship. The agreed and
approved emergency plans shall be accepted for execution in the process of normal
navigational conditions within the INSROP score on appropriate levels of the
administrative bodies of the programme and all the ships of the convoy escorted by the
nuclear icebreaker, regardless of their nationality.

The experience of the world shipping shows that with the availability of an organisation
to save human life at sea in compliance with good marine practice it a possible to reduce
damage resulted from sea disasters to a reasonable minimum. In cases where the crew
neglect or are not trained to initiate actions under extreme conditions the consequences
of an ordinary navigational accidents grow into disastrous ones both for the personnel
and the environment.

3.2. Typical scheme of the organisational and technical measures for elimination of
the consequences and mitigation of the effect of an radiation of the accident is given in
Table 3.1.

The trendy of the crew safety measures to prevent possible consequences of the
radiation hazardous emergency situations, confinement thereof within the boundaries of
protective barriers of a nuclear ship is given in Enclosure 2 “List of the Hazardous
Situations™
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The valid emergency plans are to be promptly revised in case of changes:
organisational structures of shipping through the NSR; potentialities of the structures to
organise protective measures to the transportation routes in the shipping basin, in the
information systems, appointments to the posts.

When working out emergency plans for concrete ships in convoy in navigation through

the NSR the following organisational and technical aspects shall be represented:

- determination on own ship’s service (emergency response teams) responsible for
initiation of the radiation protection measures;
entering in the information subsystem to receive a warning signal and primary
information on the nature of radiation hazard for the ships in convoy;
establishment of predetermined protective measures (change of course, waiting at
the lay time places), which, based on accident fact are used, should the need arise,
right to the time of evacuation (abandonment of the ship) of the crew:;
working out the necessary instructions for the crew members patting in motion the
top priority emergency measures;
preparation of the technical facilities for radiation monitoring and protection of the
crew against the possible radiation accident impact;
arrangement of the control stations under extreme conditions; proper professional
training of the members of the emergency-response teams;
efficient methods of reviewing the emergency measure plans, communication
systems and technical facilities used of that.

The organisational and technical difficulties in initiation of a package of actions in
complain with the elaborated plan for the emergency use are overcame in the process of
full-scale shipboard exercises and training within the convoy of ships.

3.3. Damage control of a nuclear ship is organised in compliance with the “Ship
Damage Control Manual” and appendices thereto concerned with the nuclear ships
which are basic documents defining order of carrying out preventive measures which
are an integral part of the normal operation [6, 7].

Measures put into effect during normal operation include:
observance of limits and conditions of the NSSS operation established by the service
documentation;
performance with an established periodicity of revisions of the NSSS control,
protection and monitoring systems verification of the instruments with the use of the
model units subjected to the State cheek, serves of safety equipment, periodical
reviews thereof;
maintenance, repair and replacement of the assemblies and components of the
equipment;
entries in the appropriate ship’s logs of all the event and information related to the
NSSS operation, maintenance and equipment checks;
monitoring the radiation situation on board the ship, check the containment for
tightness and air purification system for efficiency;
check of operational reliability, and reliability in turning on the NSSS stand-by
machinery and emergency power sources, heat removal system from the core and
protective zone normal and emergency cooling system;
check of Speed of controls insertion into the core;
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constant readiness of the communication system between the

navigational bridge, machinery spaces, NSSS spaces, central and emergency control
stations;

maintenance of the proper professional training and qualification of the operating
personnel and ensuring its psychological training in actions under extreme
conditions.

3.4. The operating organisation provides:
Manning of the ship with personnel in sufficient number who possesses proper
qualification and trained in accordance with responsibility and duties established for
crew of the nuclear ship;
organisation of watchkeeping and supervision over the NSSS;
keeping records of the NSSS operation, radiation situation, radiation doses of the
personnel and all events associated with on malfunctions occurred and emergency
situations in compliance with “Regulations for Classification , Investigation and
Information Procedures for Malfunctions on the Nuclear Fleet Units [3];
conduct of the scheduled NSSS and ship, damage- control drills with exercising in
confinement of accidents, identification of radiation hazardous zones;
availability on board of required valid service documentation including plans of
measures to be taken if there is a threat of radiation hazard and “Radiation hazard”
bill;
drawing up and approval of long-term subject plans of crew training, exercise plans
with use of imitation means;
notification of the State Supervision Bodies and Management Bodies;

3.5. The port emergency plan is developed by the Port Authorities. The plan
establishes management responsibility for management of all kinds of activity during
nuclear or radiation-hazardous accident and defines organisation of the emergency team,
its duties in case of an accident when the nuclear ship is in port and is developed with
due regard for the fact that the actions on board the nuclear ship will be under control of
the Master and correspond to the ship’s emergency plans.

Staying addition to the ship’s emergency plan envisages the following safety measures
when the ship stays at the berth:
determination of the order of using communication facilities contemplated by the
port authorities;
determination of the order of using shore-based fire-fighting facilities, special
connections to supply the ship including shore electric power supply;
determination fire fighting measures which are taken jointly with the port authorities
and the procedure for immediate notification of the port fire brigades on the fire on
board the ship and radiation obligation for the personnel involved on fire fighting;
organisation of a guard to protect the ship and adjoining area against extreme actions
which may cause damage to the safety of the ship;
constant stay on board the ship: of the master or his responsible substitute out of the
senior officers; of sufficient number of the crew members to enable implementation
of all the emergency measures in case of an accident and propulsion of the ship if
need be.

3.6. “Radiation Hazard” bills an integral part of the complex bill and defines
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responsibility and special duties of all the members of crew and establishes:
underway watch complement on the main control station in the wheel house and
chart room, central and emergency control rooms, in engine room, NSSS spaces;
composition of the damage control party of the NSSS compartment,
radioprospecting group and sanitary party;
principle duties and actions of all the crew members participation in implementation
of the emergency measures;
main mustering positions on alarm of the damage-control parties and groups as well
as the crew members not included into the damage-control parties and passengers.

The typical list of the crew actions on alarm “Radiation Hazard” is given in the
“Damage Control Manual” and omitted in this report [6, 7].

During the stay of a nuclear ship in port a daily “Radiation Hazard” bill is drown up as a
mandatory supplement to the staying complex bill.

When an emergency situation arises, which threatens safety of the ship or may result in
carry-over of the radioactive products the Master must inform without any delay the
operating organisation, other ships which are in the vicinity and the authorities of any
coastal state which may be affected by the accident and send a notification of accident in
compliance with the requirements of “Regulations for Classification, Investigation and
Information Procedures for Malfunctions on the Nuclear Fleet Units” and “Notification
System During Radiation Hazard on “Atomflot”, ships with NPP and Nuclear Support
Ships of the Sea Transport Department, Federal Law “On Use of Atomic Energy™ [8].

In case where the radioactive substances are carried over in excess of the set standards,
an appropriate signal according to the International Signal Code is hoisted on the ship:

“AJ”? - “I have a serious nuclear accident on board, you should
approach with care”.
“AK” - I have a nuclear accident on board”.
3.7. Responsibility and obligations of the Operating Organisation for ensuring

safety of the nuclear plant, protection of the personnel, population and environment,
notification and exchange of information in case of radiation hazardous accident on
board a nuclear ship are established by Clauses 35, 36, 66, 68, of the Federal Law “On
use of Atomic Energy”.
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CONCLUSION

1. An analysis of the operating experience of nuclear ships shows that the reliability of
systems ensuring nuclear and radiation safety, monitoring of radiation situation are kept
at a sufficient level to confine development of the design-based accidents of the NSSS and
provide environmental safety of the Arctic Shipping.

Due to high level of design and construction of the “Rossia” and “Taimyr” type
icebreakers, proper professional level of the personnel operating the NSSS, fulfilment of
requirements laid down by the programme of quality assurance of technical and
technological maintenance and repair of the nuclear power plants, the probability of an
non-design-based accident on these icebreakers is low (in the region of 10%t0 10°® 1/year)
but cannot be reduced to zero and is completely precluded in the practice of the fleet.

2. Confinement of development of a non-design-based accident, mitigation its radiation
impact on the ecological systems of the Arctic Basin down to an acceptably low level is
achieved in the process of implementation of a package of the organisational and technical
measures by the Operating Organisation in conformity with the normative, service and
instructional documentation.

3. Preliminary development of a package of the organisational and technical measures,
depth of elaboration of the emergency plan as a basis for actions to be initiated under
extreme conditions make it possible to restrict radiation impact of a non-design-based
accident on the personnel, population and environment down to an acceptably low level.
Availability of an objective and opportune information on the accident characteristics,
consideration of the climatic and hydrometeorological conditions in this case make it
possible to assess the extent of risk for the international shipping in the Arctic.

4. The existing Marine Radiation Monitoring System provides informational data base
required to manage accidents on board the nuclear ships and take managerial decisions
concerning confinement of same and elimination of the radiation after-effects for the
Arctic environment. However for the purpose of international shipping in compliance with
the INSROP programme use of this informational support is a difficult problem due to
linguistic differences in the software, routing of information flows and lack of the used
programme adaptation protocols. With the aim of informational support in environmental

. safety in management of international navigation in the Arctic assisted by the Russian

icebreakers work shall be performed to eliminate the above differences which hinder
integration of the information systems with due regard for the Federal Law “On use of
Atomic Energy” as regards requirements of international exchange of information on
accidents on the nuclear plants.

List of the top priority works on integration of the information systems is given in
Appendix 3.
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Appendix 1

REGULATIONS FOR CODED MESSAGES

TO TRANSMIT INFORMATION ON RADIATION SITUATION

61

Exchange code: JAS (ASCII). For all the transmission speeds where the total number of bits
in the sequential character is equal to ten. Traditionally, the linear code is used (7 bit plus a bit
to check for clearness) of the International alphabet No.5 (JAS) MKKTT (recommendations
X4) equivalent to the American standard code for information interchange ASCII.

Form for exchange radiological data proposed for use.

Content of message Code group
Letter indicator of the code for radiological data (MiMiMjMj MiMiMjMj
=RACO). Has to obligatory included in each codogram.
Regular exchange: 444
Date and time of observations:

- month (M) YYM

- day (YY)

- hours (GG) GGgg

- minutes (gg)
Position of the station which has made and transmitted
observations:

- latitude (Lalala), latitude code - 99 99Lal.al.a

- longitude (LoLoLoLo), longitude code - Qc QcLoLoLoLo
Index number of the station which has made and transmitted
observations: JIIIIi

- republic code - JJ

- district code - III

- station’s number - iii
Radiological data: 8TAAA

8 - distinguishing digit

T - indicator of the measurement
interval
To be coded according to Table 1;

AAA - radiation level.
Urgent message I
Date and time of a nuclear accident:

YYM

- month (M)
- day (YY)



62

Content of message Code group
- hours (GG) GGgg
- minutes (gg)
Position of the place where a nuclear accident occurred:
- latitude (Lal.alLa), latitude code - 99 99Lal.al.a
- longitude (LoLoLoLo), longitude code - Qc QcLoLoLoLo
Index number of the station which has made and transmitted
observations: JIIITiid
- republic code - JT
- district code - III
- station’s number - iii
Accident mode: Ehhh
- instantaneous release of radioactive substances
E=D;
- prolonged escape of gaseous or volatile radioactive
products (E=2);
- height of release in tens of meters (hhh)
Possibility of transboundary transfer: 550(1)
- transfer index - 55;
- none - 0;
- exists - 1.
Gamma-radiation dose rate: 2(3)TAAA
2 - in plume;
3 - on the ground;
T - indicator of the measurement interval
To be coded according to Table 1.
AAA -radiation level.
Total concentration of gamma-activity: 4(5)BBB
4 - in a plume, Bk/m;
5 - under a plume, Bk/m;
BBB - value of concentration.
Content of individual radionuclides in the environment (I, Cs,
Te, Pu, La, Zr - quantity and composition of the radionuclides
is finalised in the process of development):
- concentration in air (Bk/m) 22200
I 11I1T
Cs 2CsCsCsCs
Te 3TeTeTeTe
Pu 4PuPuPuPu
La SLalalala
Zr 6Zr7x7r7x
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Content of message Code group
- concentration in water (Bk/m) 22211
I 1ITIT
Cs 2CsCsCsCs
Te 3TeTeTeTe
Pu 4PuPuPuPu
La SLal.aLala
Zr : 6ZrZx7x7r
- density of fallout on the ground (Bk/m) 20222
I 1ITIX
Cs 2CsCsCsCs
Te 3TeTeTeTe
Pu 4PuPuPuPu
La SLal.alLal.a
Zr 6ZrZrZxZr
Total release of the gamma-active products 333
and individual radionuclides, Ci SSSSS
Message at request 666
Table 1.
Code digital Interval of the measured radiation levels
in within:
0 1- 999 uR/hr
1 1- 999 mR/hr
2 1- 999 R/hr
Notes:

1) M - month (Symbolic number). To be coded: January - 1, February - 2, March - 3,
April - 4, May - 5, June - 6, July - 7, August - 8, September - 9, October - 0, November -
6, December - 7;

2) YY: day of month to be coded: 01, 02, 03,..29, 30, 31;

3) GG - Hours of observation acéording to Greenwich mean time: GMT. To be coded:
01, 02, 03,..21, 22, 23. Number 24 in GG place is not used. Midnight refers to the coming
day and is coded as “00”. (in 44 Place in this case the date of the coming day is shown).

4) When transmitting information in the regular exchange mode to the next level of
information processing the index number of the station which has made observation,
comes only to the station of the district information processing. The provincial
information-processing centre transmits to the republican (regional) level only the
maximum value of radiological observations with indication of the code of the district
where the said value has been received.

In so doing, any superior information-processing centre may obtain comprehensive
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information on the radiological observations at each observation station in any
region at a special request. The volume of information at this case corresponds to the
volume of the urgent message.

The form of exchanging data of hydrometeorological observations, expected to be used,
corresponds to the data transmission codes: KH - 01; KH - 04; KH - 15 used in the
network of the State Committee for Hydrometeorology.
KH - 01: code for on-line transmission of data of the limiting hydrometeorological
observations from the network of the stations of the State Committee for
Hydrometeorology arranged on land (included shore-based stations), National version
of the international code FM 12 - IX SYNOP;
KH - 04: code for transmission of data of the vertical air sounding. Corresponds fully
to the international code standards FM35. TEMP and FM36. E TEMP SHIP;
KH - 15: code for compiling telegrams with the results of the hydrometeorological
observations on rivers, lakes and reservoirs.
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Appendix 3.

LIST OF THE TOP PRIORITY WORKS
ON INTEGRATION OF THE INFORMATION SYSTEMS

(IN THE ORDER OF PRIORITY GIVEN TO PERFORMANCE OF SAME).

1. Development of Regulations for an Automated Radiation Monitoring System within
the scope of the INSROP Information System.

2. Development of an Instruction for the order of accessing data bank on radiation
monitoring within the INSROP Information System.

3. Development of an Instruction for the order of exchanging information on radiation
situation within the INSROP Information System.

4. Development of the technical support to the information network, including:

- determination of the network layout with consideration for arrangement of the shore-
based and shipboard subscribers;
particularisation of the types of the computing facilities, adapters, physical channels,
rendering the network noiseproof; '
specification and itemisation of the information flows;
organisation of the data base control system; graphs and information exchange

“protocols.
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REVIEW OF THE REPORTS

V. Pravdin: Environmental Safety of Nuclear lcebreakers (1994 project
work)

V. Pravdin, N. Tkachev and V. Levin: Envirconmental Safety of Nuclear
Icebreakers. )
subnitted to INSROP Project IXI: Environmental Factors, Proiject II.6:
Environmental Safety of Navigation, I1.6.7: Environmental Safety of
Nuclear Icebreakers. Review performed by Dr. K. Riska, Helsinki
Univeraity of Technology.

The present reviewer is NOT an expert in nuclear reactors or acci-
dents in them, thus the review is & general one and made from a point
of view of a naval architect.

Scope

The work carried out is related to environmental hazards from
nuclear reactors in icebreakers. This topic is under a lively discus-
sion in many fora and thus the selection of the theme of the research
is very important. The study comprises, however, only a part of what
a complete risk: analysis should contain. The analysis of accidents
and the consequence of these to the protection structures has not
been touched at all.

Comments

The reviewer can place some general comments on the work as
follows:

* The reports refer to the experience collected from operating
nuclear power plants but not data or even references to support
this are not given.

* The chapter 3. of the first report state the risks of damage to the
power plant and the response of vessels in collision. No support to
these statements is, however, given.

* An analysis of possible accidents and which are ‘design-based
accidents?’ could be given.

* The chapter on accident control should start from avoiding acci-
dents.

Conclusion

The purpose of the reports is not guite clear as they are quite
normative in nature. & detailed analysis of risks and hazards which
could cause nuclear accldents might be given. The parts of the
reports which require an expert in nuclear power plants should be
reviewed by such a person.

\ ~
T

Kail Riska, Dr. Tech.

b Telox Telofax
Tistotie 1 {358-0) 4511 125161 htkk fin (358-0) 451 3493
02160 Espoo
Fintand



Appendix B.

COMMENTS ON INSROP'S REVIEWER
11.6.7. Environmental Safety of Nuclear Icebreakers.

On behalf of the authors of the Report express our deep thanks to Dr. Kaj Riska who took the
trouble to examine the results of analysis of environmental safety assurance in Arctic
navigation with the use of the Russian nuclear icebreakers, presented in the two parts of the
Report.

As was pointed out by the esteemed reviewer, the topic touched is of high priority for
INSROP.

Referring to the observations made by Dr. Kaj Riska it is necessary to note the following:

the work (Part I) deals with the emergency situations in the "Rossia" and "Taimyr" type
icebreakers contemplated in the technical documentation, the list of which is defined by the
requirements of the IMO Code of Safety for Nuclear Merchant Ships, given in paragraphs:
13,2.6,2.7,2.8, 6.1, 7.4 as well as in the Information on Nuclear Ship Safety Murmansk
Shipping Company, 97, section: Analysis of Accidents and Failures;

emergency situations not included in the nuclear accident list, contemplated in the technical
and service documentation, are given in Table 1.1 of the Report, Part II.

Section 3 of the Report outlines the whole package of the managerial and protective
organizational and technical measures aimed at controlling the accident, mitigating the
radiation aftereffects on the personnel, population and environment in compliance with the
requirements of the IMO Code, Chapter 6, paragraphs 7.3, 7.4, Safety Information as well
as the Safety Management Manual, SMS - 001. Safety Management System, Murmansk
Shipping Company , 97. Sections: 1, 3, 4, 8, 10, 12, 13, 14.

Referring to the comments:

The matter is not quite clear. The accumulated experience is generalized, analyzed and used
in the design studies, performance specifications, normative and other documentation
relating to the entire life cycle of the ship : from design and construction stage up to
deletion. The operating experience is also reflected in the adequate professional training of
the personnel who operate the shipboard NPP.

The work presents the design values of shock loads which can cause damage of the NPP
elements.

The collision protection of the reactor compartment is made in compliance with the
requirements of the IMO Code , paragraphs 3.1.2 - 3.1.4, USSR Register Rules, paragraphs
4-8.

Analysis of emergency situations contemplated in the technical and service documentation is
given in Part I of the Report, while the analysis of accidents, called by the esteemed
reviewer as "possible", is given in Part IT of the Report.



e Day-to-day activities of the personnel carried out in compliance with the Duty
Regulations and service and technical documentation, performance of maintenance and
repair work on NPP are aimed at avoiding and preventing accidents.

Description of this work and requirements imposed thereupon is beyond the scope of this
Report.

Referring to the conclusion:

A "detailed analysis of risks" which could cause nuclear accidents can not be given within the
framework of this work due to a wide range of random factors which affect the random
process of accident development. The Report points out that there is a need to have within the
INSROP framework organizational structures capable to make managerial decisions for
mitigating radiation impact on ships in a convoy escorted by a nuclear icebreaker, in case of a
nuclear accident.

Yours sincerely V. Pravdin,  Supervisor

P.S. I feel certain that most of the points touched by the esteemed reviewer might be
eliminated, during personnel contracts.

With kind regards and thanks V. Pravdin,  Supervisor
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Claes Lykke Ragner
INSROP Programsekretzr
Fridtjof Nansens Institutt
Lysaker

Norge

Fax: 0047 6711 1910

Kare Claus Lykke Ragner,

Nedenfor skal jeg fremkomme med en rekke kommentarer til de to
rapporter, som Du har sendt mig til udtalelse, om miljgforhold ved nukleart
drevne isbrydere i forbindelse med INSROP. Af hensyn til eventuelle andre, som
métte vere Interesserede i kommentarerne, har jeg affattet dem pi engelsk.

ME MMENTS ON INSROP-DISSUSS PAPERS
(Environmental Safety of Nuclear Icebreakers)

The two reports deal with the risk and consequences of design and non-
design basis accidents with nuclear icebreakers. It considers the two major types
of accidents, reactivity accidents and loss-of-coolant accidents, in addition to
collision and grounding.

It is, however, not possible for a number of reasons to make a definite
assessment of the analyses performed.

Rirstly, no description of the reactor system considered and in particular
of its safety system is given. Such a description does undoubtedly exist (see page
2-I of the report of 20 April, 1995), but probably only in Russian. Since it is the
starting point of any safety analysis, it is difficult to make any assessment of the
results obtained without this information. It seems that the Russian icebreakers
are provided with the safety systems required in the West such as emergency
core cooling systems, residual heat removal systems, containment etc. but a
description of these systems is needed. An important aspect of western reactor
safety systems is the defence in depth, i.e. several systems exist so that if one
does not work, the next will take over.

) Secondly, no decription of the models or computer programmes used in
the analysis is given. Again without this information it is not possible to make
an assessment of the analysxs

Thirdly, the text is often very difficult to understand. To give one
example, on page 2-II in the report of 25 March, 1996 the following statement
is made: "In case of an accident involving initiation of a spontaneous fission
chain reaction due to fusion of the core "hot particles” are likely to be generated

it

2 juli 1997
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Universtot

Institut for Rysik
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within the fission products”. I do not understand the meaning. Is it "In the case
of a run-away chain reaction accident (also called an reactivity accident) melting
of the fuel is likely to result due to the decay heat of the fission products”? Or
what is it?

For these reasons it is not possible for me to make an assessment of the
results presented in the two reports. I have, however, some comments to various
statements in the reports.

In the report of 20 April 1995 it is stated on page 5 that the operating
experience of the Russian nuclear icebreakers since 1960 shows that the
probability of a nuclear heavy radiation accident is extremely low. It does not
mention that in 1966 the icebreaker NS Lenin suffered a severe loss-of-coolant
accident with damage of the fuel, so that the damaged reactor power plant had
to be replaced by a new plant. The accident did not happen during operation, but
during refueling, but it happened never the less.

In the report of 20 April, 1995, it on page 2-11 stated that "Outflow of
the radioactive substance outside the containment is feasible due to operation of
the safety valve and through the compartment vessel untightness, which may be
the highest possible in operation (at a rate of 10 vol% per hour)." If this
statement means that the leak from the containment can be 10 vol% per hour,
the containment is of quite low quality.

In the report of 25 March 1996 it on page 2-I and on page 5 mentioned
that the probability of an accident not contemplated in the technical documenta-
tion is slight, in the region of 10° to 107 per reactor year. No basis for these
figures s given. If one looks on the nuclear safety experience of the Soviet Navy
the risk is significantly higher, about 10 per reactor year.

My conclusion is therefore that it is not possible based on the the two
reports to make an assessment of the nuclear safety of the Russian icebreakers.
It may be OK or it may not be OK.

Let me end by pointing out that nuclear safety is not only a matter of
having a good plant design. Of equal importance is high quality manufacture,
thorough training of the personnel and a high safety culture. The safety culture

of the Soviet Navy was not impressive, but it may be different for the Russian
icebreaker fleet.

Jeg baber, at ovenstiende kan vzre til nogen nytte for Jeres projekt.
Lad mig samtidig nevne, at en egentlig gennemgang af sikkerheden i et
reaktoranleg er et stort arbejde, som vil kreve mange mandméneder.

Med venlig hilsen

e

Povl L. $lgaard

Institut for Rysik

2 juli 1997
PLO
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Appendix D.

COMMENTS ON INSRGOP'S REVIEWER
11.6.7. Environmental Safety of Nuciear lcebreakers.

A good deal of work has been done by the esteemed reviewer to examine the Reports related
1o the aspects of ensuring safe navigation in the Arctic, assisted by the Russian nuclear
icebreakers within the INSROP program framework. As it is noted in the review the report

The reviewer gives a number of reasons for which he cannot "make a definite assessment" of
the work.

It is necessary to make the following comments.

1. The report refers to safety systems of the "Rossia" and "Taimyr" type nuclear
icebreakers. The said systems complies with the requirements of the "Code of Safety for
Nuclear Merchant Ships. IMO Resolution A. 49 (XII) of 19.11.1981 and the "Rules for the
Classification and Construction of Nuclear Ships. Register of the USSR". Description of the
safety systems of nuclear ships as exhaustingly given in the "Ship Safety Information”, takes
up considerable space including necessary drawings, diagrams and graphs of controllable
parameters. The mandatory availability of such information on board the nuclear ship suits
the requirements of the Charter, IMO Code and USSR Register.

We see little reason for presenting description of the safety systems in such a Report which
has not for an object fo assess structural features of the said systems. The more so as these
systems have been made in compliance with the requirements of both the national documents
of the USSR Register's Rules, p. 50 - 88, 110 - 118 and the international documents ; IMO
Code Chapter 4, 6 (English edition).

2. The cited assessments of radiation impact on the environment have been made using a
conservative approach presented in the works of the NPP Designer, our investigations on safe
operation of the nuclear icebreakers. Use therewith has been made of well-known typic
models of radioactive substance transport in air and aquatic environment. Appendix 3
presents; a list of top priority works aimed at devising an INSROP information system the
software of while shall be based on the calculation models and algorithms which are presently
a confidential information in Russia.

3. The Report has been drawn up using terms and definitions accepted in the above-
mentioned "Code of Safety for Nuclear Merchant Ships". IMO Resolution A. 491 (XIT)
(English edition).

A misprint has stolen in the example given, which was rectified in the Summary Report. The
case in point here is the sublimation of structural materials of the fuel composition and
reactor core in addition to the fission products of nuclear fuel.

Referring to the comments made :

a In this comment it is noted that the accident the icebreaker NS "Lenin" met with, has
taken place not under sailing conditions but during modernization work when the
experimental three-reactor NPP was being replaced by a commercial two-reactor plant which



has completed trouble-free its service life aboard the ship right up to inactivation
of the lather.

b. As stated on the mentioned page of the Report, outflow of radioactive substance
through the safety valve of the reactor compartment vessel has been contemplated in the ship
design and is an emergency outflow through the ventilation system. Owing to filtration only
radio active inert gases of krypton-xenon group are vented into the atmosphere. The stated
outflow rate is given as a reference rate for subsequent assessment of the accident effect and
not as a characteristic of the compartment vessel untightness, which is suited to the
requirements of the IMO Code, USSR Register and is reflected in the Safety Information.

c. Throughout the whole operating period of the Russian nuclear icebreakers in the
Arctic nat only the non-design-based accidents but also the design-based ones involving
impairment of radiation situation, have not been recorded on these ships. From this it may be
inferred that the likelihood of a non-design-based accident which can occur on board the
"Rossia" and "Taimyr" type nuclear icebreakers is rather low.

1

d. The aim of the work presented to assess the potential radiation hazard which has to be
foreseen. The experience of the world shipping shows that the element of a navigational
hazard exists at all times. If this hazard is taken into account ship's accident does not

to control an unlikely but none the less possible radiation accident, which make it possible it
reduce the radiation damage to the personnel, population and environment to a minimum.

Sincerely your V. Pravdin,  Supervisor

P.S. I feel certain that most of the points touched by the esteemed reviewer might be

eliminated during personnel contacts of the author with the experts whe took the trouble to
examine the work submitted for their appraisal.

With best regards and thanks V. Pravdin,  Supervisor



The three main cooperating institutions
of INSROP

Ship & Ocean Foundation (SOF),

Tokyo, Japan.

SOF was established in 1975 as a non-profit
organization to advance modernization and
rationalization of Japan's shipbuilding and
related industries, and to give assistance to
non-profit organizations associated with these
industries. SOF is provided with operation
funds by the Sasakawa Foundation, the world's
largest foundation operated with revenue from
motorboat racing. An integral part of SOF, the
Tsukuba Institute, carries out experimental
research into ocean environment protection

and ocean development.

Central Marine Research & Design
Institute (CNIIMF), St. Petersburg, Russia.
CNIIMF was founded in 1929. The institute's
research focus is applied and technological
with four main goals: the improvment of
merchant fleet efficiency; shipping safety;
technical development of the merchant fleet;
and design support for future fleet develop-
ment. CNIIMF was a Russian state institution up
to 1993, when it was converted into a stock-
holding company.

The Fridtjof Nansen Institute (FNI),
Lysaker, Norway.

FNI was founded in 1958 and is based at
Polhegda, the home of Fridtjof Nansen, famous
Norwegian polar explorer, scientist, humanist
and statesman. The institute spesializes in
applied social science research, with special
focus on international resource and environ-
mental management. In addition to INSROP,
the research is organized in six integrated
programmes. Typical of FNI research is a multi-
disciplinary approach, entailing extensive
cooperation with other research institutions
both at home and abroad. The INSROP
Secretariat is located at FNI.





